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Abstract

Despite recent advances in undertanding the cancer genome, there is still a significant gap in
understanding the complete characteristics of cancer’s glycome and glycoproteome. Glycans
play a crucial role in essential molecular and cellular processes that take place in cancer. These
processes include cell signalling and communication, tumour angiogenesis, immune
modulation and metastasis formation. Changes in glycosylation regulate the genesis and
progression of the disease and also serve as significant biomarkers and offer specific targets

for therapeutic intervention.

For this project, we wanted to look further into the expression of CLR ligands on cancerous
cell lines and categorise them, as well as to generate CLR-CAR-NK cells and test their
cytotoxic activity. Suitable CLR domains for tumour targeting and CAR construct would be
chosen based on generated data, and thereafter, transfected into NK cells to test their cytotoxic

activity against ligand-bearing cancer cells.

Tumour cells were screened for expression of CLR ligands. Ligand-binding domain of the CLR
was fused with the human immunoglobulin Fc-domain, allows simple detection using
secondary antibodies. The fusion proteins produced was used to directly stain tumour cells
using flow cytometry. Tumour cells expressing a ligand will bind to the fusion protein allowing
detection of ligand expression. Suitable CLR domains for tumour targeting and generate CAR

construct were chosen based on the screening for expression.

The results from screening CLR ligand expression on cancerous cell lines were variable and
differed from run to run. Nevertheless, the results did show some similarities or trends from
run to run. Some problems occurred when ligation or and transfection of pUC19 and inserts
were done. Therefore, few samples were sent for sequencing, which also ended up not
matching the given sequences. As a result, it was not possible to move further on with the

project due to the time limit.

In conclusion, even more FACS runs with fusion proteins for each cell line are necessary. This
would provide a broader understanding of the CLR ligands expression. More trials (and errors)
are also essential to eliminate potential sources of error when it comes to ligation and
transfection of the CAR constructs. Ultimately, the results did not show that the CLRs were
specific for each cell line and no CAR construct were successfully produced. However, with

more time and testing on a larger scale, it could result in interesting findings.

II



Sammendrag

Til tross for en stadig sterre forstaelse av kreft genomet, er det fortsatt et betydelig gap i
forstaelsen av de fullstendige egenskapene til kreft glykomer og glykoproteom. Glykaner
spiller en avgjerende rolle i essensielle molekylare og cellulere prosesser som finner sted i
kreft. Disse prosessene inkluderer cellesignalering, kommunikasjon, tumor angiogenese,
immunmodulering og metastase dannelse. Glykaner regulerer progresjonen av kreft gjennom
endringer i glykosylering og fungerer ogséd som betydelige biomarkerer og tilbyr spesifikke

maél for terapeutisk anvendelser.

For dette prosjektet var det enskelig & se nermere pa uttrykket av CLR-ligander pa
kreftcellelinje og kartlegge dem. I tillegg til & produsere CLR-CAR-NK celler og teste deres
cytotoksiske aktivitet. Der egnede CLR-domener for tumormalretting og CAR-konstruksjon
vil bli valgt basert pd genererte data. Deretter transfekter dem inn i NK-celler og test deres

cytotoksiske aktivitet mot ligandbarende kreftceller.

Tumorceller ble screenet for uttrykk av CLR-ligander. Ligandbindende domene til CLR ble
fusjonert med det humane immunglobulin Fc-domenet, noe som tillot enkel deteksjon ved bruk
av sekundzre antistoffer. Fusjonsproteinene som ble produsert ble brukt til & farge tumorceller
direkte ved bruk av flow cytometri. Tumorceller som uttrykker en ligand, vil binde seg til
fusjonsproteinet og tillater pavisning av ligandekspresjon. Passende CLR-domener for
tumormaélretting og genere CAR-konstruksjoner ble valgt basert pé resultatene av screeningen
av CLR ligander.

Resultatene fra screening av CLR-ligandekspresjon pa kreftcellelinjer var variable og ulike fra
kjering til kjering, med noen likheter eller trender fra kjering til kjering. Noen hindringer
oppsto ved ligering og transfeksjon av pUC19 og inserts ble utfort. Dette forte til at f4 prover
ble sendt til sekvensering, som ogsa endte opp med a ikke ha samsvarende sekvenser. Det var

derfor ikke mulig & ga videre med prosjektet pd grunn av tidsbegrensning.

Til slutt, s& er enda flere FACS-kjoringer med fusjonsproteiner for hver cellelinje nedvendig.
Noe som ville gi en bredere forstéelse av uttrykket av CLR-ligander. Flere forsek (og feil) er
ogsa avgjerende for 4 eliminere mulige feilkilder nar det gjelder ligering og transfeksjon av
CAR-konstruksjonene. Resultatene viste ikke at CLR-ene var spesifikke for hver cellelinje, og
ingen CAR-konstruksjon ble produsert med suksess. Med mer tid og testing i stor skala, kan

resultere 1 interessante funn.
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1 Introduction
1.1 Immune system

The initial prompt reaction to a pathogen or altered cells is carried out by the innate immune
cells (1). Immune cells consist of monocytes, neutrophils, macrophages, dendritic cells, natural
killer (NK) cells, mast cells, eosinophils, and basophils (2). In contrast to T cells and B cells,
which are highly specific, innate immune cells lack the expression of specific antigen
recognition receptors (3). Pattern recognition receptors (PRRs) have a significant role in the
immune system by recognising and binding to certain molecules found on the surface of
pathogens, apoptotic host cells, and damaged senescent cells. This recognition induces effects,
including anti-infection and anti-tumour effects, and also contributes to the initiation and

execution of specific immune responses (3, 4).

With a variety of mechanisms, including the release of cytotoxic molecules, the engagement
of more immune cells, the activation of the complement pathway, or the induction of the
phagocytosis process, the cells of the innate immune system can control and clear invasion (5).
In the context of cancer, tumour cells have the ability to release certain cellular components
that could trigger the innate immune system. This would subsequently generate anti-tumour
immunity within the microenvironment, ultimately leading to the eradication of the tumour (6,
7). Essentially, the growth of tumours can be regulated by the immune cells that are naturally
capable of killing cancer cells. However, as the tumour progresses from abnormal tissue to
tumours that can be detected clinically, cancer cells develop different mechanisms that mimic
peripheral immune tolerance as the tumour progresses from neoplastic tissue to clinically

detectable tumours (8).

Innate immune cell activation sets off a chain of actions that cooperate to control and destroy
tumour cells. For instance, when transformed tumour cells are encountered, certain immune
cells, such as dendritic cells and macrophages, become activated and release significant
amounts of pro-inflammatory cytokines, such as type 1 interferon (IFN), interleukin (IL) 12
and IL-15, which stimulate the differentiation of T helper cells and NK cells (9, 10). Activation
of innate cells releases large amounts of IFN-y and chemokines, such as chemokine ligand 3
and chemokine ligand 4 a process that promotes the adaptive immune system (11-13). Together
with an increase in major histocompatibility complex I (MHC I) molecules on tumour cells,

the release of IFN-y and IL-12 is also required to kill tumour cells by converting their anti-



inflammatory M2 to MI-phenotype (14, 15). Hence, determining the interaction between
different cell types and tumour cells can therefore enhance our understanding of how immune
cells infiltrate the tumour microenvironment, perhaps aiding in the selection of the most

effective personalised immunotherapy therapeutic approaches (16).

1.1.1 Pattern recognition receptors

PRR are a category of receptors that have the ability to identify the particular molecular
structure present on the surface of pathogens, apoptotic host cells, and damaged senescent cells.
They can be categorised into five main families based on protein domain homology: Toll-like
receptors (TLRs), nucleotide oligomerization domain (NOD)-like receptors (NLRs), retinoic
acid-inducible gene-I (RIG-I)-like receptors (RLRs), C-type lectin receptors (CLR), and absent
in melanoma-2 (AIM2)-like receptors (ALRs) (3).

As well as being present on the cell membrane, PRRs are also extensively distributed in the
intracellular compartment membranes and the cytoplasm (17). Membrane-bound PRRs and
PRRs in the cytoplasm are composed of ligand recognition domains, intermediate domains,
and effector domains (18, 19). PRRs initiate downstream signalling pathways through the
recognition of their ligands, which can result in various outcomes including the recruitment
and release of cytokines, chemokines, hormones, and growth factors. The downstream
signaling pathway can also induce chronic inflammation, forming an inflammatory
microenvironment, initiating innate immune killing and subsequent acquired immune
responses (4), maintaining the balance of the host microenvironment, and eliminating dead or

mutated cells.

1.1.2 C-type lectin receptors

CLRs are a group of receptors that can recognise carbohydrates on the surface of pathogenic
microorganisms with the engagment of Ca* (4). All CLRs with a carbohydrate recognition
domain (CRD) can recognise carbohydrates. They are present on macrophages, dendritic cells,
and certain tissue cells. Carbohydrate recognition domain mediates CLRs ability to recognise
carbohydrates existing on self and non-self-structures (20). The carbohydrate recognition
domain of CLRs has a compact spherical structure, and this region is referred to as C-type
lectin-like domain (CTLD) (21, 22). CLRs are categorised as transmembrane receptors and

secretory receptors depending on their position on the cell membrane (20, 23, 24).



Transmembrane receptors can be divided into type I and type II based on their topological
structure and can either be type I or type II (25, 26). The N-terminal of type I receptors is
oriented towards extracellular and can contain numerous carbohydrate recognition domains,
whereas the N-terminal of type II receptors is oriented towards intracellular and can contain
one carbohydrate recognition domain (27, 28), it is not given that all type I and II receptors
have CRDs. CLRs are circular formations linked by two disulphide bonds, and contain at least

one CTLD located outside the cell, while the intracellular domain varies (29).

The CLR CLEC 9A does not have a CRD and has been shown to bind to actin, which is an
intracellular protein that is a part of the cytoskeleton. CLEC 9A recognise a conserved
component when the cell membranes are damaged (30). Unlike other CLRs, CLEC 7A (also
known as Dectin-1) does not have a typical CRD and is calcium independent, but it is still able
to recognise carbohydrates (31). CLEC 4L (also known as DC-SIGN) functions both as a cell
adhesion receptor and a PRR. As a cell adhesion receptor, it mediates the interaction between
dendritic cells and T lymphocyte by binding to ICAM-3. They may also be present on normal
cells as well as damaged cells (32). CLEC 8A (alternative name LOX-1) is a receptor for
oxidized low-density lipoprotein (LDL) and is used for the absorption of LDL. LDL is a
glycoprotein that transports lipids and cholesterol into the bloodstream. CLEC 8A has also
been shown to bind to phosphatidylserine, which is on the cell surface of dying cells (33, 34).

1.2 Glycosylation

1.2.1 Glycosylation alteration in cancer

For more than six decades ago, changes in glycosylation linked to carcinogenic transformation
were initially reported (35, 36). The accuracy of those observations was further supported by
the introduction of monoclonal antibody technology. This demonstrated that tumour-specific
antibodies targeted carbohydrates epitopes, which were primarily antigens found on tumour
glycoproteins and glycosphingolipids (37, 38). When compared to their non-transformed
counterparts, tumour cells exhibit a broad range of changes in glycosylation illustrated in figure
1.1. Protein glycosylation enhances the variability in molecular structure and the range of
functions within groups of cells. The molecular heterogeneity is elevated due to abnormal
glycan modifications, which are particular to each protein, occur at specific places (multiple
sites on the same protein can have various glycosylation patterns), and are specific to certain

cells. The intrinsic characteristics of the glycosylation process within a particular cell of tissue



type determine the specificities of glycosylation. Incomplete synthesis and neo-synthesis
processes are the two main mechanisms that Hakomori and Kannagi initially proposed to
explain the tumours-associated changes in carbohydrate structures (39). The result of
impairment of normal synthesis of complex glycans found in healthy epithelial cells is due to
an incomplete synthesis process, which also primary occurs in the early stages of cancer. This
abnormality leads to the production of truncated structures, such as the expression of sialyl Tn
(sTn) in gastrointestinal and breast cancer (40, 41). On the other hand, neo-synthesis, which is
frequently detected in advanced stages of cancer, describes the cancer-associated induction of
specific genes linked to the expression of carbohydrate determinants, as demonstrated by the
de novo expression of certain antigens (such as sialyl Lewis A (sLeA) and sLeX) in many

cancers (42).

N-glycan 0O-glycan

Increased branching

Lewis
epitopes

Healthy Mammary Epithelial Cells Breast cancer cells

[ N-Acetyl-D-glycosamine (GIcNAc) () D-Galactose (Gal) Q N-Acetylneuranimic acid (Neu5Ac)
[[] N-Acetyl-D-galactosamine (GalNAc) © D-Mannose (Man) A L-fucose (Fuc)

Figure 1.1 Altered glycosylation patterns of glycoproteins on breast cancer cells. Healthy mammary
epithelial cells exhibit a variety of glycans on their surface. These glycans are connected by N-
Acetylglucosamine GlcNAc to an aspargine site — N-glycans — or by a N-Acetylgalactosamine (GalNAc) to
a serine/threonine site (mucin-type O-glycans). During the development of tumours, breast cancer cells
undergo an abnormal production of glycans, which affects the way tumour cells interact with the surrounding
microenvironment. The altered glycosylation in breast cancer involves elevated Lewis antigens (Lewisa and
Lewisx: the sialyted Lewis X (sLeX) and Lewis A (sLeA)). Additionally, there is an increase in al1-6-core
fucosylation and branching of N-glycans. Moreover, breast cancer typically exhibit a significant expression
of truncated O-glycans, sometimes with terminal sialic acid (43-46). Created with BioRender.com, with
inspiration from Lopes and Correia (47).



Cancer cells generally exhibit deviation from the normal glycosylation pathway, which results
in altered expression of glycans due to one or more causes. First, irregularity of chaperone
function (48, 49), and or altered glycosidase activity (50), as well as under- or overexpression
of glycosyltransferases, can be the cause of altered expression of glycans. Second, changes in
the tertiary conformation of the peptide backbone and that of the nascent glycan chain can also
cause altered glycan expression. Third, the differences may result from the abundance and
availability of sugar nucleotide donors and cofactors, as well as the diversity of variable
acceptor substrates (51). Lastly, the localization of the glycosyltransferases in the Golgi

apparatus may result in changes in the expression of glycan (52, 53).

Sialylation, fucosylation, O-glycan truncation and N- and O-linked glycan branching are the
most widely occurring cancer associated changes in glycosylation (54-56). Since sialylation of
carbohydrates is crucial for cellular recognition, cell adhesion, and signalling, sialylation is a
significant change in cellular glycosylation. Reduction in the expression of
glycosyltransferases has also been closely associated with cancer (57). Numerous
fucosyltransferases (Fuc-Ts; Fuc-TI-Fuc-TXI) are responsible for the synthesis of fucosylated
glycans. Fucosylation is a non-extendable modification that can be further subdivided into
terminal fucosylation and core fucosylation (58). As often seen alteration in cancer cells during
malignant transformation is the upregulation of complex B1,6-branched N-linked glycans (54,
59). The mannoside acetyl-glucosaminyltransferase 5 (MGATS) gene encodes GnT-V, which
is more active when GIcNAc-branching N-glycan expression is elevated. The overexpression
of shortened O-glycans is another characteristic shared by tumours (60). The shortened or
truncated glycans, such as the disaccharide Thomsen-Friedenreich antigen (T antigen, also
known as core 1) and the mono-saccharide GalNAc (also known as Tn) and their sialylated
forms (ST and STn (NeuSAco2-6GalNAca-O-R), respectively), which arise from the
incomplete synthesis of O-glycans (61), ), are common forms of aberrant glycosylation that

arise during malignancy.

1.2.2 Glycosylation in cancer cell

Several fundamental biological processes involved in cancer have been linked to glycans,
including immune surveillance, cell-cell adhesion, inter- and intracellular signalling, cellular
metabolism, cellular matrix interaction, and inflammation (60). Moreover, glycans alter the

structure and conformation of proteins, which modulates their functional activity (62).



Deciphering the biological importance of glycan-based interactions in cancer can aid in the

understanding of the molecular mechanisms underlying the biology of cancer (60).

1.2.2.1 Tumour cell-cell adhesion

A characteristic that contributes to the development of malignant tumours is the tumour cell’s
ability to evade cell-cell adhesion and infiltrate surrounding tissue. The transmembrane
glycoprotein, epithelial cadherin (E-cadherin) (63), is a major epithelial cell-cell adhesion
molecule in cancer (64). By directly interfering with E-cadherin-mediation, glycans can have
a significant impact on tumour cell-cell adhesion. In cancer, there is a reciprocal regulatory
mechanism between E-cadherin-mediated cell-cell adhesion and its glycosylation, which is
regulated by the complementary actions of glycotransferases GnT-III and GnT-V, and can lead
to either tumour metastasis or tumour suppression (65). Tumour associated antigens are highly
expressed as a result of cancer cells’ enhanced production of sialylated glycans (54, 66).
Through the electrostatic repulsion of negative charges, the cell detaches from tumour mass.
Which physically inhibits and disrupts cell-cell adhesion. This process is promoted by elevated
expression of sialylated antigens (67, 68). Increased migration and decreased cell-cell adhesion
are the outcomes of transfection of breast cancer cells with the sialyltransferase ST6Gal-I in

vitro (69).

1.2.2.2 Cell-matrix interaction and signalling

The spatial context for the signalling events of different cell surface growth factor receptors is
provided by the extracellular matrix (ECM), which consists of a diverse and intricate
combination of glycoproteins, collagens, glycosaminoglycans (GAGs), and proteoglycans
(70). Glycosylation has been demonstrated to significantly alter the activity and signalling of
the multifunctional cell surface protein CD44 (71, 72), as well as to facilitate integrin
dependent growth and survival (73, 74). Through the activation of c-Src signalling and the
upregulation of stem cell proteins mediated by B-catenin, ceramide glycosylation in the cell
membrane may have a proactive role in maintaining cancer stem cells (75). Additionally,
proteoglycans are involved in the biogenesis and recognition of exosomes, which are

endosomal-derived secretory vesicles involved in cell signalling (76).

1.2.2.3 Cancer metabolism and signalling
The Warburg effect, which refers to the shift from oxidative phosphorylation to aerobic

glycolysis, characterised by high rates of glucose intake to meet the increased energetic and



biosynthetic needs to develop a tumour, is a crucial aspect of cancer cell metabolism (77).
Cancer cells also upregulate glutamine absorption in an effort to fulfil the increased need for
biosynthesis. Not only does the abundance of glucose in the cytoplasm of cancer cells
contribute to increased glycolysis, but flux into the metabolic branch pathway also increases,
such as the hexosamine biosynthetic pathway (HBP). Approximately 3-5 % of the total amount
of glucose entering a cell is redirected through this pathway (78). Consequently, higher HBP
flow is most likely caused by cancer cells absorbing more glucose and glutamine. Uridine
diphosphate (UDP)-GIcNAc is the end-product of HBP and is a crucial metabolite that is
needed for O-GlcNAcylation as well as O- and N-glycosylation (79). O-GIcNAc can function
as a “nutritional sensor” due to its responsiveness to the glucose flux through O-GlcNAcylation
(80). This increase in O-GlcNAcylation can lead to significant alterations in glycosylation by

competing with other glycosylation pathways.

1.2.2.4 Tumour immune surveillance

Glycans interfere with tumour editing by regulating numerous aspects of the immune response.
Various lectins, including galectins, C-type lectins, and siglecs, mediate this regulation by
binding to glycans and controlling immunological processes, including those related to
pathogen recognition, which in turn dictates the course of adaptive immune responses (81, 82).
One important host defence mechanism known to prevent carcinogenesis and preserve cellular
homeostasis is cancer immune surveillance. Immune effector cells have the ability to eradicate
transformed cells, leading to the immunological selection of cancer cell types that are less
immunogenic and resistant to immune effector cells. Through complement-dependent
cytotoxicity, glycan-specific natural and induced antibodies (such as those against GM2, globo
H, and Ley) can mediate tumour cell killing and tissue destruction (83). Furthermore, aberrant
O-glycosylation on the surface of cancer cells can trigger antibody-dependent cellular
cytotoxicity (84). Aberrant O-glycosylation may interact with macrophage galactose-type C-
type lectin (like MGL also known as CLEC 10A) (85) expressed on dendritic cells, and with
dendritic cell-specific (like DC-SIGN also known as CLEC 4L) intercellular adhesion
molecule-3 grabbing non-integrin 1 (86). CLEC 10A can be involved in helping tumours evade
immune attack, by inhibiting macrophage attack, and instead makeing them develop an

immunosuppressive phenotype (87).



1.4 Immunotherapy

Immunotherapy (including cytokine therapy, immune checkpoint inhibition, and chimeric
antigen receptor (CAR)-T cell therapy) has expanded therapeutic options and improved the
prognosis for patients with haematological tumours (88, 89). There was an advancement for
the use of engineered T cells in haematological malignant tumours after four CD19 CAR-T
cells, tisagenlecleucel (tisa-cel), axicabtagene ciloleucel (axi-cel), brexucabtagene autoleucel,
and lisocabtagene maraleucel, products were approved (90-92). CAR-T cells have the ability
to specifically target specific tumour antigens, hence augmenting the targeted toxicity of CAR-
T cells has been utilised for the treatment of haematological malignancies (93). Although
significant advancements have been made in the field of CAR-T cell-based immunotherapy for
patients suffering from blood diseases, there are still limitations that impede its broader
application in future treatment of haematological malignancies: (1) Cytokine release
syndromes (CRS) and neurotoxicity are notable acute side effects that occur during CD19
CAR-T cell therapy (94); (2) on-target off-tumour effects may occur related to the recognition
of molecular biomarkers that are also expressed on healthy tissues (e.g., B cell aplasia in anti-
CD19/CD20 CAR-T cell therapy) (95); (3) antigen escape or loss may lead to disease relapse
(e.g., typical CD19-negative relapse in B-cell malignancy) (96); (4) life-threatening graft-
versus-host disease (GVHD) may be caused by allogeneic CAR-T cells (97).

NK cells are a part of the innate lymphoid cell family and are a type of cytotoxic immune cells
that have been characterised their natural ability (98, 99). Humane NK cells exhibit a CD3"
CD56" immunophenotype and may be divided into two subgroups: CD562"CD16'°% cells,
which represent a less mature population, and CD56%™CD16%1¢h cells, which represent a
mature population of highly cytotoxic cells (100). NK cells primarily target tumours without
the need for pre-sensitization or human leukocyte antigen (HLA)-matching, unlike T
lymphocytes. Furthermore, clinical data indicates that the application of allogenic NK cells
through adoptive transfusion hardly leads to GVHD (101-103). In addition, NK cells may
provide protection against GVHD by specifically targeting the recipient’s dendritic cells (104).
Several techniques have been applied for NK cell-based immunotherapy. The addition of
cytokines may enhance the activation, proliferation, and persistence of NK cells in both in vivo
and in vitro (105). Numerous antibodies have been examined in order to enhance the killing
activities of NK cells through several mechanisms: (1) monoclonal antibodies (mAbs), which

target specific tumour-associated antigens (TAAs), have been approved for the treatment of



haematological malignancies based on NK cell-mediated antibody-dependent cell-mediated
cytotoxicity (ADCC) (106); (2) CD16 BiKEs and CD16 TriKEs NK cell engagers are novel
antibodies that can simultaneously bind two or three separate and unique antigens to strongly
activate NK cell function, one is NK cell activating receptor CD 16 and the other one or two
are TAAs (107); (3) mAbs that target immune checkpoints or their corresponding ligands could
restore the anti-tumour function of NK cells (108, 109); (4) mAbs targeting NK cell inhibitory
receptors (e.g., KIRs and NKG2A) also remain under investigation (110, 111). Lastly,
transfusion of NK cells is an effective adoptive immunotherapy method to improve the number
and the function of NK cells (112). These approaches to NK cell therapy can also be applied
to CAR-NK cell therapy.

1.4.1 Checkpoint inhibition

In the field of personalised medicine and cancer therapeutics, there have been significant
advancements in recent years (113). Immune checkpoint inhibitors (ICIs) are cancer
immunotherapies that enhance anti-cancer immune response by specifically targeting
inhibitory immunologic receptors on the surface of T-lymphocytes or their ligands (114).
Consequently, in 2011, the approval of ipilimumab (115) marked the emergence of ICIs as a
ground-breaking treatment option, revolutionizing cancer treatment (116). These medicines
exhibited prolonged efficacy with reduced toxicity in certain situations (117). Unlike
conventional therapeutic approaches, ICIs functions by stimulating the host immune system to
fight cancer cells. Under homeostatic conditions, immune checkpoints maintain a balance of
pro- and anti-inflammatory signals (118). These immunological checkpoints are a collection
of inhibitory and stimulating pathways that regulate immune cell activity (119). On the surface
of T cells, co-inhibitory receptors known as programmed cell death 1 (PD-1) and cytotoxic T
lymphocyte antigen 4 (CTLA-4) are expressed to negatively regulate T cell-mediated immune
response. Nevertheless, tumour cells take advantage of these inhibitory molecules to cause
tumour tolerance and T cell exhaustion (120). Hence, ICIs including anti-CTLA-4, anti-PD-1
and anti-PD-L1 can bind to these co-inhibitory receptors, thus reinvigorating the immune
response against tumour cells. Antibodies that specifically target these immune inhibitory
receptors have been extensively utilised as immunotherapeutic treatments over the past ten

years (121).



1.4.2 CAR-T cells to CAR-NK cells

A chimeric antigen receptor typically consists of four components: an extracellular binding
domain, a hinge region, a transmembrane domain, and one or more intracellular signalling
domains. The extracellular binding domain provides specificity to CAR-modified effector cells
by targeting TAAs. The hinge region provides connection between the extracellular binding
domain and the transmembrane domain (122). The composition of intracellular signalling
domains, which play a crucial role in determining the strength of the activation signal and
influencing the killing activity, varies in composition between the CAR generations. Initially,
CARs were mostly composed of the CD3z activation signalling domain. However, in
subsequent generations, CARs were enhanced by incorporating one or two supplementary
costimulatory molecules, such as CD28, ICOS, 4-1BB, CD27, 0X40 and CD40. CD28 and 4-
1BB are the most utilised molecules among these (123, 124).

Chmielewski and his colleagues have developed the fourth generation of CARs, which provide
effector immune cells with two transgenic products: the CAR itself and the transgenic payload.
The primary focus on the fourth generation of CARs is to address the existing limitations of
CAR-based cellular therapy, and thereby enhancing the capabilities of effector cells (125).
DNAX - activating protein (DAP) 12, which is expressed in NK cells, takes part in signal of
transduction that involves NK activation receptors natural-killer group 2 (NKG2) member C
(NKG2C) and NKp44; DAP10 is also participating in signal transduction involving NKG2D
(126, 127). Hence, DAP12 and DAP10 can transduce intracellular signals in CAR-NK cells.
In addition, NK cells that were engineered with DAP12-based CARs exhibit superior
performance compared to NK cells that were engineered with CD3z-based CARs (126).

1.4.3 Transduction of CAR-gene into NK cells

As of now, a significant obstacle arises due to the low transduction efficiency resulting from
the absence of effective gene transferring approaches. The methods, viral transduction
(retrovirus-based and lentivirus-based) and transfection (electroporation, lipofection, and in
combination with transposon systems), used for the transduction of CARs into T cells can
likewise be applied to NK cells (128). Viral transduction is illustrated in figure 1.2, these viral-
based transduction approaches allow stable integration into the genomes of CAR-NK cells.
The success of retroviral vector transduction in primary NK cells is greater with a 43-93 %

higher efficacy. However, the insertional mutagenesis and deleterious impact associated with
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this technique pose significant limitations in clinical applications (129). Even though
lentivirus-based transduction is considered to be a safer method, the efficiency in peripheral
blood mononuclear cells (PBMC) - derived NK cells are low (8-16 %) and still have to be
improved (130). Even though RNA transfection methods are considered cost-effective
approaches with higher gene transfer efficiency, it is important to note that production of CAR
constructs with this method is temporary, typically lasting for roughly 3-5 days. While the
limited therapeutic time window can be a disadvantage, the incidence of CAR-associated side
effects, such as on-target off-tumour effects, may be decreased due to its transient nature (131-
133). Utilisation of transfection methods with DNA integration techniques using transposon
systems, such as PiggyBac (PB) and sleeping beauty (SB), has emerged as an appealing
approach for production of transgene-expressing cells that are both safer and more stable (134,
135). The SB transposon vector has proven to be a highly effective and cost-effective approach
for transferring genes. However, its suitability for use with CAR-NK cells has not been tested

(136).
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Figure 1.2 Illustration of how a NK cell can be engineered to express CAR using a monoclonal
antibody’s binder, which is represented by the single costimulatory domain. A viral vector is used to transfer
the CAR DNA into the nucleus of the NK cell. Upon recognition of the tumour antigen, CAR initiates signal
amplification and is transferred to the nucleus. Which results in a series of antitumour responses, where
immune cells may proliferate and secrete cytokines, perforins, etc. Created with BioRender.com, with
inspiration from Chan (137).
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1.4.4 Advantages of CAR-NK compared to CAR-T cell therapy

CAR-NK cells are significantly safer compared to CAR-T cells. A frequently recognised
adverse effect of CAR-T cell therapy are CRS and neurotoxicity. The abundance of cytokines
released in the circulation, can result in symptoms such as high fever, sinus tachycardia,
hypertension, hypoxia, depressed cardiac function and other organ dysfunction (94). The
cytokine storm induced by CAR-T cells is mostly mediated by pro-inflammatory cytokines
such as tumour necrosis factor-o (TNF-a), IL-1 and IL-6 (138). CAR-NK cells secrete a range
of cytokines including INF-g and GM-CSF, which differ from the cytokines secreted by CAR-
T cells. Furthermore, CAR-T cells from either autologous or allogeneic sources, have potential
to induce life-threatening GVHD as a result of HLA restrictions. On the other hand, NK cells,
which are considered important cells that mediate the early GVL response, can potentially
prevent GVHD by eliminating recipient antigen-presenting cells (APCs) and cytotoxic T
lymphocytes (139). Hence the utilisation of CAR-NK cells has the potential to address safety

concerns associated with the clinical use of CAR-T cell products.

In addition, CAR-NK cells may have a superior effectiveness in targeting tumour cells
compared to CAR-T cells. Initially, CAR-NK cells are capable of identifying and executing
their killing effect through engineered killing capacity. By utilising CARs, effector cells are
able to enhance their ability to superficially target and eliminate a particular antigen with
greater efficiency. In comparison with CAR-T cells, CAR-NK cells retain the natural
cytotoxicity of NK cells even when the expression of specific tumour antigens is reduced (140).
NK cells recognise their target cells and subsequently perform biological function through
multiple ways, including: (1) ADCC effect; (2) natural cytotoxicity; (3) TNF-related apoptosis-
inducing ligand (TRAIL); and (4) FAS/FASL pathway (141). It is important to mention that
NK cells maintain a dynamic equilibrium and complex interactions through several activating
and inhibitory receptors. Upon activation, NK cells release cytotoxic granules containing
effector molecules such as granzyme B and perforin, which effectively induce apoptosis in
target cells. CAR-NK cells have additional costimulatory specificity, such as DAP10, DAP12
and 2B4, which provide more specific signalling in NK cells compared to CAR-T cells. These
specialised molecules enhance the costimulatory specificity of CAR-NK cells beyond the
shared CD28 and 4-1BB domains. Preclinical studies have shown that CAR-NK cells
engineered with these costimulatory molecules, have an increased ability to destroy cancer

cells (131, 142, 143).
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Moreover, the production of CAR-NK cells is notably more convenient compared to the
production of CAR-T cells. This is due to the absence of the risk of GVHD, NK cells can be
obtained from either matched or HLA-mismatched donors. This allows for a wider range of
potential donors and enhances the quality of the end products (144). Multiple sources of NK
cells including NK92 cell lines, peripheral blood mononuclear cell-derived NK cells, umbilical
cord blood-derived NK cells and induced pluripotent stem cell-derived NK cells, have been
utilised for the production of CAR-NK cells. Therefore, the minimal likelihood of GVHD and
the many origins of NK cells make them suitable as “off-the-shelf” goods that can be easily

accessible for clinical applications (122).

1.4.5 Challenges and prospects of CAR-NK cells

Even though CAR-NK cells have many benefits in cancer immunotherapy, they nevertheless
face hurdles that can impact their function and effectiveness, especially when compared to
CAR-T cells. Unlike T cells and other human cells, NK cells have a greater susceptibility to
the freezing and thawing process, resulting in diminished anti-tumour efficacy and lower
survival rates. These restrictions may hinder the distribution of CAR-NK cells to distant places
in an “on-demand” manner (145, 146). Moreover, the issue of restricted proliferation and
persistence capacity poses a significant challenge in the application of NK cells and their
engineered products for adoptive immunotherapy (145). Immunosuppressive cytokines such
as TGFp, adenosine, and indoleamine 2,3-dioxygenase are released in the tumour
microenvironment and have detrimental effects on CAR-NK cells (147). Receptors that inhibit
cellular activity, such as immune checkpoint molecules (TIGIT, PD-1, and CTLA-4, C-type
lectin receptor (NKG2A), and cytokine checkpoint (CISH) , also play a role in the
malfunctioning of CAR-NK cells (148). Hence, it is imperative to present future concerns and

prospects in order to increase the efficacy of CAR-NK cell immunotherapy.

Improvement in CAR-NK cell constructions to address their limitations and maximise the
capabilities of CAR-NK cells is crucial in the field of CAR-NK cell immunotherapy. Cytokines
such as IL-2, IL-12, and IL-15 have a crucial role in boosting the effectiveness, persistence and
expansion of NK cells in both innate and adaptive immunotherapy (149). Furthermore, the
functionality of cryopreserved NK cells might be partially restored with additional IL-2 (150).
Hence, utilising gene modification to transduce cytokine genes and knock off inhibitory genes

in CAR-NK cells shows great potential. Due to the possibility of unforeseen toxicity caused by
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excessive cytokine production from novel CAR-NK cells, including a suicide gene into CAR-
NK cells is an important safety precaution. There has been shown that C9/CAR.19/IL-15 CB-
NK cells can be easily eradicated by activating the iC9 suicide gene through pharmacologic
activation in both preclinical and clinical studies (151, 152). In addition, it has also been shown
that deletion of the CISH, a gene that encodes a cytokine checkpoint molecule, improves the
metabolic fitness and antitumour effectiveness of armoured IL-15-secreting CD19 UBC-
derived CAR-NK cells in lymphoma models (153). NK cells that have been engineered to
express CARs and other foreign genes are referred to as “armoured” CAR-NK cells or “NK-
cell pharmacies”. These cells are capable of performing several activities (154). Furthermore,
in order to avoid on-target off-tumour consequences in CAR-based immunotherapy relevant
TAAs expressed solely on tumour cells must be identified and selected. Target antigens are
frequently expressed on tumour blasts as well as healthy tissues in T-cell malignancies and

myeloid tumours, which can be extremely toxic (155).

Recently, NKG2D ligands have been identified as promising novel targets, and the efficacy of
NKG2D CAR-NK cells in treatment of MDS/AML and MM has been validated (156). Ongoing
clinical trials are being conducted to gather comprehensive data on the novel engineered cells.
Due to the distinctive natural cytotoxicity of NK cells, CAR-NK cells have the ability to
selectively identify and eliminate tumour cells without relying on CAR signalling. Hence,
developing a non-signalling CAR structure that prioritises homing-promoting target factors
(such as chemokines and adhesion molecules) instead of target antigens that induce a direct
killing signal, present a promising alternative. The novel CARs enable CAR-NK cells to
accumulate tumour sites, allowing them to exert their function through NK cell-mediated
mechanisms rather than relying solely on CAR-dependent mechanisms (128, 157). This may
be more appropriate in lymphoma than in other haematological cancers due to the unique
tumour site. Therefore, the “missing-self” mechanism of NK cells can potentially protect

healthy tissue and cells against on-target off-tumour toxic effects (158).

To summarise, cytokines, immune checkpoint inhibitors, and monoclonal antibodies have the
potential to augment the cytotoxicity of NK cells in adoptive immunotherapy. Moreover, the
transfusion of CAR-NK cells with the approaches above could potentially augment the killing
capacity and safety of CAR-NK cells.
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2 Aims

Glycosylation, which is addition of sugar groups to proteins or lipids, is well established as a
crucial alteration in tumour development. It has significant functions in cell signalling, cell-
matrix interactions, angiogenesis, immune evasion, epithelial-mesenchymal transition and

metastasis.

Over many million years, the immune system has developed to recognise abnormal changes in
glycosylation. Sugar-binding C-type lectin receptors are a diverse set of pattern recognition
receptors, which are mainly found on myeloid cells of the innate immune system (e.g.
macrophages, granulocytes, dendritic cells). Over the course of several years, extensive
research has been conducted on CLRs. CLRs from the two specific families Dectin-1 and

Dectin-2, has been found to be involved in cancer.

This thesis will seek to exploit these receptors for the profiling and treatment of breast cancer.
Given the important role of CLRs in regulating the activation of myeloid cells, it is probable
that the tumour evade strategies will involve engagement of CLRs on myeloid cells in order to
subvert the function of these cells. We will therefore screen tumours for the expression of CLR
ligands. We have produced vectors for the optimised production of fusion proteins. These
constructs fuse the ligand-binding domain of the CLR with the human immunoglobulin Fc-
domain, which enables simple detection using secondary antibodies. The fusion protein will be
utilised to directly stain tumour cells using flow cytometry, where tumour cells expressing a

ligand will bind to the fusion protein allowing detection of ligand expression.

CAR-NK cells consist of a targeting domain (CLR ligand-binding domain in this case) coupled
to a signalling domain that induces a cytotoxic response against ligand-bearing cells. Suitable
CLR domains for tumour targeting and generating CAR construct will be chosen based on
generated data. Afterwards, the CAR construct will then be transfected into NK cells tested for

cytotoxic activity against ligand-bearing cancer cells.
To summarise the specific objectives:

L Profile expression of CLR ligands on cancerous cell lines

IIL. Generate CLR-CAR-NK cells and test their cytotoxic activity
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3 Materials and methods
3.1 Expression of CLR ligands on cell lines

All cell lines used in this thesis are listed in table 3.1, as well as their cell type, tissue, diseases
they are derived from and if they are adherent or suspension cells (159-167). These cell lines
were chosen due to the nature of the thesis aims, as well as the availability at the laboratory at
the time. Jurkat-TAg and THP-1 were tested to conclude if they could be used as negative

controls.

Each cell line has different changes in glycosylation, thereby if different CLRs can recognise
the different changes in each cell line, it means that the CLRs are specific. Variation in
glycosylation will result in variation in expression of CLR ligands on each cell lines.
Differences in glycosylation among different cell line are determined by their compositions,

cellular environment, and the specific set of glycosyltransferase they express (168).

Table 3.1 Cell lines and their properties. Overview of tumor cell lines used in this study: cell types, tissue,
disease and if they are adherent and suspension cells.

Cell line Cell type Tissue Disease Adherent/Suspension

HET-1A Epithelial cell Oesophagus Normal Adherent

Jurkat-TAg T-cell Peripheral blood =~ Lymphoblastic leukaemia Suspension
KYSE-450 Squamous cell Oesophagus Carcinoma Adherent
MCF7 Epithelial cell Breast Adenocarcinoma Adherent
MDA-MB-231  Epithelial cell Breast Adenocarcinoma Adherent
SKBR3 Epithelial cell Breast Adenocarcinoma Adherent
T-47D Epithelial cell Breast Carcinoma; ductal Adherent

THP-1 Monocytes Peripheral blood  Acute monocytic leukaemia Suspension
WM35 Melanocytes Skin Cutaneous melanoma Adherent

3.1.1 Cell culture

To culture the cell lines, DMEM medium with antibiotic, foetal calf serum (FCS) and pyruvate
was used. For sub-culturing the same medium was used, and the division ratio varied from cell
line and was determined by how rapidly they grew and when they were going to be used the
next time. The suspension cell lines were directly added to a 15 mL falcon tube. For adherent
cells, medium was discarded and PBS-EDTA was added and incubated for 2-4 min to detach
the cells from the wall of T75 flasks. Medium was added to the adherent cell lines and
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transferred to 15 mL falcon tubes before the cells were centrifuged. The medium with PBS-
EDTA was discarded and the cells were left as a pellet on the bottom of the tubes. The cells
were then resuspended with medium before being transferred to new T75 (or bigger) flasks,
and then diluted with more medium. The dilution ratio also depended on how well and fast the

cells grew.

3.1.2 Fluorescence-activated cell sorting with fusion proteins

Fluorescence-activated cell sorting (FACS) is a specialised form of flow cytometry that allows
for the separation of a heterogeneous population of cells tagged with fluorescence. This sorting
process is done one cell at a time, based on the unique fluorescence properties of each
individual cell (169). Anti-human IgG, Fcy fragment specific secondary antibodies conjugated
with phycoerythrin (PE) were used. The Fe-fusion proteins contain the Fe-region from human

IgG1. The Fc-region has been mutated to

prevent it from binding to the cell-surface —

Fc-receptors. This is crucial, otherwise it
Antibody with

might bind to tumours that expressed Fc-  fluorochromes
receptors and would make it appear like \—
the tumour had a ligand for the CLR even \\
when if it did not. We are interested in the Fe-fusion
fusion proteins that bind to the tumour via preten
the CLR domain, not via the Fc-region.

FACS was utilised to detect the binding

capacity of CLR ligands to each cell line, Figure 3.1 How Fc-fusion protein, with CLR
ligand, binds to tumour cells. Illustration created

with help of secondary antibodies as .4 BioRender.com.

fluorescens, illustrated in figure 3.1.

A test run with the cell lines SF126 and MDA-MB-231 were conducted to figure out how much
fixing the cells affected the results, as well as figuring out the most optimal concentration of
fusion proteins. From this test run, it was established that fixation had little to no impact on the
results compared to cells that were not fixed. And that the optimal concentration of fusion

proteins was between 4 — 8 ng/mL, therefore 8 pg/mL was used further on.
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To run a FACS, 100 pL of approximately 2 — 2,5 million cells per mL was desired. The cells
were split, then live cells were counted on an automated cell counter before diluting to the
desired concentration. Subsequently the cells were transferred onto a V-shaped 96 well plate.
The cells were then centrifuged at 1400 rpm, for 2 min at 4 °C, the medium was discarded by
flipping the plate upside down before resuspending in 50 pL of PBS. When fixation was done
on the test run, the cells were fixed with 50 pL of paraformaldehyde (PFA) into each well to
obtain 2,0 % fixation before incubating on ice for 30 min (the cells were only incubated on ice
if they were fixed). Afterwards a washing process was done 2 times: the cells were centrifuged
(with the same settings on the centrifuge), the supernatant was discarded by flipping the plate
upside down, 150 pL. FACS was added and centrifuge again before the supernatant was
discarded. Lastly, 120 puL of fusion proteins, listed in table 3.2, diluted to a concentration of

8 ug/mL were added before incubating in the fridge overnight.

Table 3.2 Fc-fusion protein and their concentration. Concentrations were used to calculate how many
pL of each fusion protein that was needed to get 8 pug/uL per well.

Fusion Protein Name Concentration (ng/pL)

CLEC 4D 1.82
CLEC 4E 0.94
CLEC 12A 1.08
CLEC 1B 1.1
CLEC 2D 1.84
CLEC 4L 1.05
CLEC 7A 1.4
CLEC 2A 2.72
CLEC 8A 1.38
CLEC 3B 1.2
CLEC 5A 2.5
CLEC 1A 0.66
CLEC %A 2.04
CLEC 12B 0.18

The day after, the supernatant was discarded before the washing process was repeated 2 times.
100 pL of an antibody cocktail, with 25 pL antibody per 10 mL FACS, were transferred into

each well, and then incubated at room temperature for 30 min in a dark space. The washing
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process was then repeated 2 more times. Finally, the pellet was resuspended with 150 uL FACS

buffer before it was run on the flow cytometer. The data was interpreted with FlowJo Software.

3.2 Generate CLR-CAR plasmid

3.2.1 Isolation of pUC19 and inserts

The pUC19 plasmid was digested with the enzymes Bam HI and Bgl II at 37 °C for 2 hours (or
overnight) before pUCI9 was cleaned with a QIAGEN PCR clean up kit following the
manufacturer’s protocol. This procedure removes primers, enzymes, salts and other impurities
from the DNA sample, by using a microcentrifuge. Both this and QIAGEN gel clean up kit
utilises columns and silica membrane assembly to bind DNA, in a high-salt buffer, before
eluting the DNA with low-salt buffer. The silica-membrane eliminates the issues and

inconvenience regarding resins and slurries.

Table 3.3 Master mix for cutting pUC19.

Components Volume (nL)
NEBuffer 3.1 (10 x) 3

Bam HI 0,5

Bgl II 1
Nuclease-free water 20

The master mix in table 3.3 was made to cut pUC19 with restriction enzymes Bam HI and Bgl
IT and give the DNA sticky ends. To 5,5 puL of pUC19, 30 uL of the master mix containing
NEBuffer 3.1 (10 x), Bam HI, Bgl II and nuclease-free water was added before digested on
37 °C for 2 hours. Afterwards 6 pL. BpBlue dye (6 x) were added before a gel electrophoresis.
A 1kB DNA ladder with BpBlue dye (6 x) on a 1 % low melting point agarose gel (with
ethidium bromide) ran at 80 V, 400 mA for 2 hours.

After the gel electrophoresis, a picture was taken of the gels with a UV benchtop
transilluminator, before cutting out the desired bands. pUC19 was isolated with a QIAGEN gel

clean up kit following the manufacturer’s protocol.

The vector, pUC19, was dephosphorylated afterwards to prevent the ends of the vector from
sticking together. This was done by adding 10 pL Buffer Cut Smart, 2 pL calf intestinal
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alkaline phosphatase (CIP) and 38 pL nuclease-free water to 50 puL of plasmid, then put on an

incubator shaker at 37 °C for 30 min.

Before cutting the inserts, they were amplified with primers in table 3.4. Afterwards 6 pL
BpBlue dye (6 x) were added to the samples before a gel electrophoresis, on a 1,5 % low
melting agarose gel (with ethidium bromide). A 100 bp ladder with BpBlue dye (6 x) was used,
and the samples ran for about 1 hour at 80 V and 400 mA. Subsequently, the samples were

purified with a QIAGEN gel clean up kit following the manufacture’s protocol.

Table 3.4 Insert ligated into pUC19. Primers used for each insert, as well as length of insert in base pair
(bp).

Referred name Insert name Length (bp) Forward / Reverse primers
DAP12 hDAP12 135 DAP12-GGBAM3 / DAP12-BGL5
DNAM DNAMI1 171 DNAM-GGBAM3 / DNAM-BGLS5

CD3z CD3zeta 345 CD3Z-GGBAM3 / CD3Z-BGLS5
4-1BB 4-1BB 138 41BB-GGBAM3 / 41BB-BGLS5
CD28 CD28 126 CD28-GGBAM3 / CD28-BGLS5
CD30D CD30-distal 189 CD30D-GGBAM3 / CD30D-BGLS5
CD30P CD30-proximal 393 CD30P-GGBAM3 / CD30P-BGL5
ICOS ICOS 108 ICOS-GGBAM3 / ICOS-BGLS
CD27 CD27 147 CD27-GGBAM3 / CD27-BGLS5
2B4 2B4 189 2B4-GGBAM3 / 2B4-BGLS5
0X40 0X40 189 0X40-GGBAM3 / OX40-BGL5
CRACC CRACC 186 CRACC-GGBAM3 / CRACC-BGLS

Table 3.5 Master mix for cutting inserts. The given volume is per sample

Components Volume (nL)
NEBuffer 3.1 (10 x) 5

Bam HI 0,5

Bgl II 1
Nuclease-free water 3,5

After the inserts had been purified, 10 pL of the master mix in table 3.5 were added to each
samples and digested at 37 °C for 1 hours. Then the samples were cleaned with a QIAGEN

PCR clean up before stored in the freezer until further use.
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Quantification of each insert and pUC19 was measured with Nanodrop. This was conducted in
order to calculate the amount of each sample for further usage based on the measured

concentrations.

3.2.2 Construction of new pUC19 vectors

3.2.2.1 Ligation of pUC19 and inserts

In order to construct the fragment for pUC19’s

new cloning site, the insert had to be cloned 1 Hold 22 Cycles 1 Hold
into pUC19. Both 1:4 and 1:1 ratio of purified
product of pUC19 and each insert (from 65°C 64°C gc
chapter 3.2.1 Isolation of pUC19 and inserts) 30sec 1 30sec 30 sec \
were mixed together with nuclease-free water : 72::1

in PCR tubes, before running on the program

“heat up”, in figure 3.2, on the PCR instrument. )
Figure 3.2 PCR program “heat up”. Cycles with

This heats up the vectors and denature any end  temperature and durations.

that are self-annealed, before cooling down in the presence of the insert so that the vector-ends

and insert-ends anneals to each other instead. This will in theory make the ligation more

efficient.

After the “heat up” program had finished, 10 pL the ligation master mix in table 3.6 with ligase
T4 DNA, 10 x Buffer for T4 DNA Ligase ATP and nuclease-free water was added to each tube
before running a program named “ligation low temp” on the PCR instrument overnight. The

program cycles are illustrated in figure 3.3.

Table 3.6 Master mix for ligations with components and volume given per sample, and therefore had to
be multiplied with the total number of samples to make the master mix.

Components Volume (nL)
Ligase T4 DNA 1
10 x Buffer for T4 DNA Ligase ATP 2
Nuclease-free water 7
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IHold ! 15 Cycles 2 Hold

72°C

Extension

Figure 3.3 PCR program “ligation low temp”. Cycles with temperature and durations.

At 15 °C the enzymatic activity of most ligases, including T4 DNA ligase, is reduced compared
to optimal conditions. However, the enzyme remains active enough to catalyse the ligation of
the DNA fragments. Lower temperatures are beneficial for ligations involving sticky ends like
these samples. The reduced kinetic energy at this temperature allows the sticky ends of DNA
fragments to anneal more stably before the ligase enzyme seals them. This can result in higher
specificity and potentially better yields for certain types of constructs. At 30 °C the enzymes
are more efficient and speed up the reaction. The temperature boosts the kinetic energy of the
DNA molecules and the ligase, facilitating faster collision rates between the ends, which can

lead to a quicker sealing (170).

3.2.2.2 Transfection of pUC19 and inserts

After ligation, a transfection was conducted to introduce the plasmid into bacteria. This was
done by adding the ligated product of pUC19 and each insert (from chapter 3.2.2.1 Ligation of
pUC19 and inserts) to competent E. coli bacteria before incubating on ice for 30 min. Followed
by 45 sec of heat shock at 42 °C, then incubated on ice for 2 min. 550 pL of SOC-bacteria
medium was added to the samples before shaking in an incubator at 37 °C for 30 min. After
the samples had been shaken for 30 min, 150 puL of each sample were plated out on agar plates
(with ampicillin). The plates were incubated upside down with plastic film around at 37 °C

overnight.

The day after transfection, colonies were picked. To a 96 well plate with 20 pL nuclease-free
water in each well, colonies were picked with a pipette tip and placed in separate wells. 2 pL.
from each well was transferred to each PCR tube before adding 23 puL of the PCR master mix
in table 3.7. Along with 1 pL of specific forward primer (in table 3.4) to each insert were added

22



to the PCR tubes. The PCR master mix contained reverse primer M13rev, dNTP, MgCl, 5 x
GoTaq flexi buffer, GoTaq G2 flexi and nuclease-free water. Specific forward primers and the
same reverse primer for each inserts, creates an extension to the inserts and makes the bands
longer. Afterward the samples were run on the program “PCR-1" on the PCR instrument,
following the cycles in figure 3.4. Lastly 150 pL of LB medium with ampicillin were added to

each well before stored in the fridge until further use.

Table 3.7 Master mix for PCR. The volume given in this table is per sample and was multiplied with the
total number of samples to make the master mix. The forward primers used for each sample was specific
and not given in this table, but in a separate table 3.4.

Components Volume (nL)
M13rev 1
dNTP 1
MgCl, 2

5 x GoTagq flexi buffer 5
GoTaq G2 flexi 0,2
Nuclease-free water 12,8

The first initial hold at 94 °C is to cook the bacteria so that the DNA is released. At 94 °C the
double-stranded DNA is denatured into single-strands. The high temperature breaks hydrogen
bonds between the complementary bases of the DNA strands. Between 59-55 °C is the
annealing stage where primers bind to the single-stranded DNA. This temperature depends on
the melting temperature of the primers and is usually about 3-5 °C below the melting
temperature. Extension of the DNA happens at 72 °C, and synthesis of the new DNA strand
from the dNTPs, using the single-stranded DNA as a template. DNA polymerase enzymes add
nucleotides to the 3’ end of each primer. After the last cycle, a final extension ensures that

remaining single-stranded DNA is fully extended (171).
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1 Hold 4 Cycles X 33 Cycles : 2 Hold

94°C 1 94°C '\ 94°C

] T 72°C 72°C ! °
3min ! 30sec 7 30 sec ! 72°C
' 30sec 30sec ! 7min
: 59°C X 55°C X
30 sec ; 30 sec :

' : ' 4°C

| '
Initial denaturating ,  Denaturation Annealing Extension 1+ Denaturation Annealing Extension + Final extension

Figure 3.4 PCR program “PCR-1”. Cycles with temperature, durations and the different phases.

After the program finished, the samples ran on a 1,5 % agarose gel containing ethidium
bromide, along with a 100 bp ladder with BpBlue dye (6 x) at 80 V, 400 mA for 1 hour. No
additional dye was added to the samples, because the 5 x GoTaq flexi buffer includes a green
dye. For the samples that had the desired band at the right length: 50 pL of the solution in the
96 well plate and 3 mL of LBA medium were added to tubes and incubated in a shaker at 37 °C

overnight.

After the samples had been shaken overnight, QIAprep spin miniprep kit following the
manufacturer’s protocol was conducted before the samples were sent for sequencing. The kit
utilises columns and silica membrane that binds the plasmid in a high concentration of
chaotropic salt before eluting the DNA in low-salt buffer. The results from sequencing were
analysed on Benchling (172), where the sequences were compared to each other. Benchling
was also used throughout the project for plasmid maps, visualising ligations in plasmid maps

and for digital protocols.

3.2.3 CAR constructs
3.2.3.1 Overlap extension PCR

An overlap extension PCR is useful to create chimeric proteins without the use of restriction
sites, which allows precise fusion. Designed overlap primers to contain at least 12 base pairs
(bp) complementary to the end of the fusion partner DNA, which means that in the second
phase we will have an overlap of at least 24 base pairs for annealing the two DNA fragments

together. Which DNA fragments that were used, their primers and bp length, are in table 3.8.
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Table 3.8 Fusion product fragments used for overlapping extension PCR with their primers and
expected bp length after the overlap extension.

Fragment# Referred name Length (bp) Forward / Revers primers
1 DCIR-TM 181 SALSBF hDCIR-F / DC4LOL-R
2 CLEC 4L 991 DCMIOL-F / ECOSTOP-CLEC4L-R

The constructs utilises the DCIR-TM’s transmembrane domain and CLEC 4L’s extracellular
domain. The DCIR-TMS’s transmembrane domain allows a higher expression of the receptor.
This may be a disadvantage, because the glutamine residues in the transmembrane of CLEC 4L
may have some important structural role. 1 pL of each fragment (100 ng) and their primers
were added to PCR tubes. Additional to 22 uL of a master mix for overlapping, seen in table
3.9, to each PCR tube. Subsequently, the samples were run on program “overlap extension 1”
with the following cycle conditions in figure 3.5. Initial denaturation happens during the first
phase at 94 °C for 30 sec, which prepares the double-stranded DNA for separation before the
33 cycles. In these 33 cycles, the denaturation phase happens at 94 °C, followed by annealing
at 55 °C, and ending with extension at 72 °C. The 33 cycles ends with a final extension phase

to ensure that remaining single-stranded DNA is fully extended.

Table 3.9 Master mix for overlap extension PCR for the first run on “overlap extension 1” program. The
volume given in this table is per sample and was multiplied with the total number of samples to make the

master mix.
Components Volume (nL)
dNTP 1
MgSO4 2
NEBuffer 3.1 (10 x) 2,5
pfu 0,5
Nuclease-free water 16
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1 Hold 33 Cycles
94°C . 94°C :
: 72°C ,  72°C
30sec .+ 30sec .
: 1,30 min : 5 min
. 55°C '
: 1 min :
i ! e
Initial denaturating : Denaturation Annealing Extension : Final extension 0

Figure 3.5 PCR program “overlap extension 1”. The first run for overlap extension PCR with cycles,
duration and the different phases.

After the cycles were finished, 5 pL of BpBlue dye (6 x) was added to each tube, before the
fragments were purified on a 1,5 % low melting point agarose gel containing ethidium bromide
alongside a 100 bp ladder with BpBlue dye (6 x), with the parameters: 80 V, 400 mA for 1 hour.
An equimolar amount of the two fragments (approximately 10 nmol each) were prepared for
the next PCR with the same master mix as in table 3.9, except without primers and more (2 pL)
pfu. The program “overlap extension 2” ran overnight and following the cycle conditions in

figure 3.6.

: 10 Cycles :

L 94°C :

' 30 sec 72°C . 72°C

! 1,30 min , 7 min

! 50°C '

X 25 min X

| : 4°C
: : o0

. Denaturation Annealing Extension , Final extension

Figure 3.6 PCR program “overlap extension 2”. The second run for overlap extension PCR with cycles,
duration and the different phases.

The day after, 0,5 uL and 5 pL of the fusion product were amplified with primers in table 3.8
and by using the same master mix as in table 3.9, but the amount of Nuclease-free water was
adjusted according to the concentration of the fusion product. Program “overlap extension 3”

with cycle conditions in figure 3.7 below was used for amplifying.
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33 Cycles 2 Hold

. 94°C :

! 72°C v 72°C

. 30sec :
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' 55°C '
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: : 4°C
: Denaturation Annealing Extension : Final extension ©

Figure 3.7 PCR program “overlap extenstion 3”. The third and final run for overlap extension PCR with
cycles, duration and the different phases.

After the last PCR run, the fusion product with 1 pL of both DCIR’s forward primer and
CLEC 4L’s reverse primer, and 5 pL of NEBuffer 3.1 (10 x) was digested on 37 °C for 1 hour
followed by 65 °C for 15 min. The samples were then cleaned with QIAGEN PCR clean up kit

following the manufacturer’s protocol before stored in the freezer until further use.

3.2.3.2 Ligation of pScalps_puro and fusion product

A plasmid with a lentiviral vector, pScalps_puro,

was chosen, because of their ability to integrate their o \é'f,’;' E?\lc;t\ortransduces

genetic material into the host cell’s genome. This g

allows for a stable expression of the CAR gene, |- 5
pScalps_puro

making them suitable to transduce highly replicating

cells such as immune cells (173). Unlike other viral

vectors, lentiviruses can infect both dividing and NK cell

resting cells. This broad host range makes them

more versatile for various therapeutic applications

(174). Figure 3.8 illustrates how the finished

construct of pScalps puro with fusion product

(DCIR-TM and CLEC 4) and a combination of Figure 38 Finished construction  of
inserts (A, B, C, D) are transduced into NK cells. pScalps_puro with fusion product and inserts.
The inserts itself and number of insert (A, B, C, D) Created with BioRender.com

will be chosen based on the data gathered from the

FACS runs.
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The lentiviral vector pScalps puro was digested at 37 °C for 2 hour followed by 65 °C for
15 min with the restriction enzymes Xhol (0,5 pL) and EcoRI (1 puL) and NEBuffer 3.1 (10 x)
(5 pL). The samples were then purified on a 1,5 % low melting point agarose gel containing
ethidium bromide with a 1 kB ladder with BpBlue dye (6 x), before a QIAGEN gel clean up

kit was used following the manufacturer’s protocol.

Ligation of the vector pScalps puro with the fusion product, DCIR-TM and CLEC 4L,
followed the same procedure as subchapter 3.2.2.1 Ligation of pUC19 and inserts. Expect only
a 1:4 ratio with vector and fusion product was used. The same PCR program was also used.
The expected length of pScalps puro with fusion product was expected to be 1141 bp.
Thereafter a transfection was conducted following the same steps as subchapter 3.2.2.2

Transfection of pUC19 and inserts.
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3.3 Own contribution

Senior engineer Wendi Jensen produced the fusion proteins I used for my thesis, and my
supervisor Professor Michael Rory Daws produced and isolated the competent E. coli bacteria
for me. All primers were ordered from Eurofins. PhD and senior engineer Elisabeth Gyllensten
Bjornsen and PhD student Ellen Sofie Pete helped me with the setup for a big gel
electrophoresis with 100 wells. This included making a TBE buffer and staining the gel with
ethidium bromide afterwards. Elisabeth also kindly helped me make agar plates with ampicillin
for transfection. For the FACSCalibur Flow Cytometer, Michael made the templates I used
throughout the laboratory work.

The past four months of laboratory work, I have gained a solid overview of how I can plan my
day, as well as work in a structured and efficient manner. Apart from those mentioned above,
I performed all other experiments related to this thesis and analysed the gathered data from the

FACS runs using FlowJo, excel and GraphPad.
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4 Results

4.1 Expression of CLR ligands on cell lines

4.1.1 Test run

The first FACS run was conducted to determine the concentration of fusion protein for further
experiments, as well as figuring out whether or not to fixative the cells. MDA-MB-231 with
different concentration of fusion protein CLEC 4L are compared in table 4.1 and 4.2. ranging
from control sample with 0 pg/mL to 32 pg/mL of fusion protein. Table 4.1 shows fixed cells,
with 2 % PFA, and table 4.2 to the right show 0 % fixed cells. Firstly, by looking at fixed 2 %
PFA compared to not fixed 0 % PFA, there are some differences, but not significant differences
to the geometric means. This is further confirmed by comparing the same concentration of
fusion protein with fixed cells versus cells that were not fixed, some small gaps, but no
significant. Therefore, it was concluded to move further with 8§ pg/mL of fusion protein and to

not fix the cells.

Table 4.1 Test run of MDA-MB-231 with fusion Table 4.2 Test run of MDA-MB-231 with fusion

protein CLEC 4L and 2% PFA. protein CLEC 4L and 0% PFA.
Sample Name Subset Name | Count | Geometric Mean : PE-A Sample Name Subset Name | Count | Geometric Mean : PE-A
[J| MDA MB231 CLEC4Lv1 2PFA_32.fcs | Live 1864 1273 | |CJ[MDA MB231 CLEC4Lv1 OPFA_32.fcs | Live 1643 2083
0| MDA MB231 CLEC4Lv1 2PFA_16.fcs | Live 1783 793 | [EJ| MDA MB231 CLEC4Lv1 OPFA_16.fcs | Live 1627 548
MDA MB231 CLEC4Lv1 2PFA_8.fcs | Live 601 1386 MDA MB231 CLECALv1 OPFA_8.fcs |Live 1478 1672
| MDA MB231 CLEC4Lv1 2PFA_4.fcs | Live 1384 1004 | [CJ| MDA MB231 CLEC4Lv1 OPFA_4.fcs |Live 1588 1438
MDA MB231 CLEC4Lv1 2PFA_2.fcs | Live 1809 728 MDA MB231 CLEC4Lv1 OPFA_2.fcs | Live 1585 911
MDA MB231 CLEC4Lv1 2PFA_1.fcs |Live 1726 621 MDA MB231 CLEC4Lv] OPFA_1.fcs |Live 1589 746
[ MDA MB231 CLEC4LV1 ZPFA:OSAfcs Live 1798 613 | ]| MDA MB231 CLEC4LV1 OPFA_05.fcs | Live 1598 1090
MDA MB231 CLEC4Lv1 2PFA_O.fcs |Live 1812 33,3 MDA MB231 CLEC4Lv1 OPFA_0.fcs | Live 1590 48,4

4.1.2 Data from FACS runs

The results from the FACS runs were exported and analysed with the software FlowJo, which
visualised the data into plots. Pseudocolour plots, the dotted plot below, display the relative
population density of cell population within the gated area. The colour denotes areas of high
and low population density. Here the Y-axis is side scatter (SSC), and X-axis is forward scatter
(FSC). SSC measures scatter at a 90° angle relative to the laser, and FSC detects scatters along
the path of the laser. FSC signals tells us about the cell size, and SCC tell us about the internal
complexity of the cells (i.e. granularity). The histograms visualise the frequency distribution

of the data versus fluorescence intensity, of the gated area from the pseudocolour plot.
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The gate was adjusted for each control sample before the gates were transferred to the other
samples of the same cell line for each individual FACS run. Afterwards, each cell line was

compared to the different runs.
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Figure 4.1 Pseudocolour plots and histogram of HET-1A from runs conducted the 02.02.24 to the left
and the 21.03.24 to the right. The first row (of both runs on the left and right) are control without fusion
proteins. Where the bottom row is with fusion protein CLEC 1B.

Pseudocolour plots and histograms in figure 4.1 are of the cell line HET-1A with fusion protein
CLEC 1B and control (without fusion protein). The first row of plots are control samples, and
the bottom row is with fusion protein, CLEC 1B. The histogram shows how much CLEC 1B
are expressed on the HET-1A cells. The curve is further to the left on the X-axis on the
histograms of the control samples, whereas the curve is further to the right on the X-axis with
CLEC 1B. The further the curve is to the right of the X-axis, the more cells express the given
fusion protein. The Y-axis of the histogram represent counted cells. It is worth mentioning that
the Y-axis for the histograms for both runs have different scales, and that the run to the right

counted significant more cells than the run to the left in figure 4.1

31



1.0k =

400 =

800 -

300

600 =

Count

200 o
400

SSC-H :: SSC-Height
SSC-H :: SSC-Height

200 100 o

Live
89,9

T T T
400 600 800
FSC-H :: FSC-Height

0 200

FL2-H :: BP-1

1.0k o

400

800

300
600 =

Count

200
400 =

SSC-H :: SSC-Height
SSC-H :: SSC-Height

200 100 o

T T T T T T T T
0 200 400 600 800 10K 100 10! 10% 10 10

FSC-H :: FSC-Height FL2-H :: CLECL4LV1-6

Live
89,2

Count

400 o

300 =

200 =

100

) 200

T T T T
400 600 800 10K

FSC-H :: FSC-Height

T T e

10 10% 10 10
FL2-H :: FL2-Height

Live
84,7

Count

400 =

300

200 =

100

T
) 200

T T T T
400 600 800 10K

FSC-H :: FSC-Height

remr T
10 10 10 10

FL2-H :: CLEC4Lv1

Figure 4.2 Pseudocolour plots and histogram of SF126 from runs conducted the 13.02.24 to the left and
the 21.03.24 to the right. The first row (of both runs on the left and right) are control without fusion proteins.

Where the bottom row is with fusion protein CLEC 4L.

The size of SF126’s cells are much smaller than the other cell lines screened. Therefore, two

instrument settings and two acquisition settings were made for all the FACS runs. One for

SF126, and one for bigger cells which were used for all the other cell lines. The first row of

plots in figure 4.2 is of control samples without fusion protein, and the bottom row is SF126

with fusion protein CLEC 4L. Here the scale of the Y-axis is the same for both runs, which are

the number of cells counted. These two runs of SF126 looks like to have counted approximately

the same number of cells, unlike the two runs of HET-1A in figure 4.1.
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Figure 4.3 Pseudocolour plots and histogram of MCF7 from runs conducted the 02.02.24 to the left and
the 21.03.24 to the right The first row (of both runs on the left and right) are control without fusion proteins.
Where the bottom row is with fusion protein CLEC 9A.

MCF7 without fusion protein (plots on the first row) and with fusion protein CLEC 9A (plots
on the bottom row) are visualised in pseudocolour plots and histograms in figure 4.3, these
plots are from runs conducted the 02.02.24 and the 21.03.24. Here, it is also worth mentioning
that the Y-axis for the histograms for both runs have different scales. Much fewer cells were
counted in the last run, compared to the first run, which do affect the comparison of these two

runs.

To be able to compare the results more easily, the values of the control without fusion protein
were used as normalizers. In this way the comparison of each FACS for each cell line was
smoother. After the gates were adjusted in FlowJo, the data was exported into GraphPad to
visualise the results in a bar chart for each cell line. Note that the geometric mean on Y-axis of
each chart is in different scales, to make it more representable all the charts show 1 — 5 and
from 5 and above it varies from cell line to cell line. Each colour represents different dates or

batches of FACS runs, even though the cell lines are different.
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Figure 4.4 FACS results of cell line MDA-MB-231, SKBR3, MCF7 and KYSE-450 with different fusion
proteins, visualised as bar charts. Y-axis is geometric mean, where the control for each cell line for each
run were used as a normalizer to make the comparison of the result easier. Note that the Y-axis scale for
each cell line varies from 5 and above. The X-axis represents the different fusion proteins. The different
colours of the bars represent dates of different FACS runs. Graphs created in GraphPad.

An overview of the FACS results for MDA-MB-231, SKBR3, MCF7 and KYSE-450 are
visualised as bar charts in figure 4.4. Each colour in the charts represents dates of the different
FACS runs. Indicating that regardless of the cell lines, the same colour of the bars implies that
they were done on the same run. MDA-MB-231 has a higher expression of CLEC 2D compared
to the other CLR ligands, in the first run (02.02.24) of this particular cell line. However,
CLEC 2D is bound to multiple cell lines in this particular run conducted 02.02.24, it does not
in other runs. KYSE-450 shows consistent expression for CLEC 8A in both of the FACS runs.
CLEC 4D, CLEC 2A, CLEC 1A and CLEC 9A also show some expression in some of the runs.
Several of the already mentioned CLR ligands that has shown expression, like CLEC 2D,
CLEC 8A, CLEC 9A, are also expressed on SKRB3. In addition, CLEC 4L is strongly
expressed on SKRB3 (on the last run). For MCF7, CLEC 4L are elevated on several runs, while
CLEC 2D and CLEC 9A show greater expression in some of the runs.
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Figure 4.5 FACS results of cell line HET-A1, SF126, Jurkat-TAg, T-47D, WM35, THP-1 with different
fusion proteins, visualised as bar charts. Y-axis is geometric mean, where the control for each cell line for
each run were used as a normalizer to make the comparison of the result easier. Note that the Y-axis scale
for HET-1A is different from the other cell lines. The X-axis represents the different fusion proteins. The
different colours of the bars represent dates of different FACS runs. The chart with T-47D, WM35 and THP-
1 are from the same run, but were made in different shades of orange to represent the different cell lines.
Graphs created in GraphPad.

SF126 was the cell line that grew fastest and was ready to be used whenever needed and is
therefore also the one that was run most times. The expression of each CLR ligand is somewhat
consistent overall. CLEC 4L and CLEC 9A have elevated expression compared to the other
CLR ligands. WM35 has elevated expression of CLEC 4L, as does the cell lines T-47D, THP-
1 and Jurkat-TAg. T-47D also shows expression of CLR ligand CLEC 3B. For HET-1A, there
were different CLR ligands expressed, like CLEC 1B and CLEC 12B. It also showed that some
of the already mentioned CLR ligands, CLEC 9A, 1A, CLEC 2D and CLEC 4L are expressed.

Jurkat-TAg and THP-1 were tested to see if the cell lines were eligible as negative controls. As
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negative controls, they had to show no expression to each fusion protein. They showed no or

low expression of most CLR ligands, but CLEC 4L also bound well to these cell lines.

4.2 CAR constructs

After the ligation of pUC19 and inserts, a
transfection followed by a gel electrophoresis
was conducted to ensure the right bands.
Figure 4.6 shows the results from the last
transfections of pUC19 and several inserts,
along with a 100 bp ladder. Name of each
inserts are given under each band along with
the number of the colony that was picked on

the same agar plate.

Here there were several samples with multiple
bands, as well as smeared bands. Some bands
were also a lot bigger or smaller than
expected. The bigger bands were too big to be
a result of a self-ligated vector, or vector and
two inserts. Some bands were even much
smaller than the inserts themselves. Figure 4.7
explains the strategy for a correct ligation of
insert. For a correct ligation, only on band is

expected.
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Figure 4.6 Gel electrophoresis of pUC19 and inserts.
Inserts are given by name with the number of colony after
each name.
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Figure 4.7 Correct ligation of inserts and vector. [llustration of desired ligation of insert and vector and
the primers positions. Created with BioRender.com
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Expected length of each insert along with primers used are in table 4.3

Table 4.3 Inserts and expected length after ligation with pUC19. Reverse primer M13rev createas an
extension and makes the bands longer.

Insert Length (bp) Forward / Reverse primers
DAP12 206 DAP12-GGBAM3 / M13rev
DNAM 245 DNAM-GGBAM3 MIl3rev
CD3z 419 CD3Z-GGBAM3 / M13rev
4-1BB 209 41BB-GGBAM3 / M13rev
CD28 197 CD28-GGBAM3 / M13rev
CD30D 254 CD30D-GGBAM3 / M13rev
CD30P 465 CD30P-GGBAM3 / M13rev
ICOS 182 ICOS-GGBAM3 / M13rev
CD27 218 CD27-GGBAM3 / M13rev
2B4 263 2B4-GGBAM3 / M13rev
0X40 263 0X40-GGBAM3 / M13rev
CRACC 257 CRACC-GGBAM3 / M13rev

4.3 Sequencing

Several ligations with ratio 1:1 and 1:4 with pUC19 and insert, were conducted. As well as

several transfection of the different ligation ratios. Few samples were sent to sequencing,

because many gel electrophoresis did not have the right length on the bands. The few samples

that were sent for sequencing were 6 samples of pUC19 with DAP12 and 4 samples of pUC19

with CRACC. The sequencing method was Sanger sequencing, and the results from the

sequencing were exported to Benchling to compare the sequences. The sequencing did not

match, therefore it was not possible to move further with any of the samples.

The next step for pScalps_puro with fusion product (DCIR_TM and CLEC 4), were to be sent

for sequencing as well. Due to the time limit, the sample were not sent.
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5 Discussion

To summarise; The results from this project were inconsistent. Firstly, the FACS results were
variable and differed from run to run, even within the same cell line. On the other hand, some
results could indicate a trend with similar results, but not identical or somehow predictable.
This could be caused by several reasons. For the CAR constructs, even after several attempts
and adjustment to the ligation and transfection, there were no successful results. Which also

could be due to a couple of reasons.

Further, these are the key points that will be discussed:
L Possible factors for inconsistent FACS results
II. Challenging aspects of CAR construction

III.  Improvement potentials in the implementation

5.1 Expression of CLR ligands on cell lines

The test run conducted with MDA-MB-231 and fusion protein CLEC 4L (in table 4.1 and table
4.2) was to determine whether or not the cells needed to be fixed, and the optimal concentration
of fusion protein. The geometric mean showed unsignificant differences between cells that
were fixed with 2 % PFA and cells that were not fixed. And that the fusion protein
concentration was optimal between 4-8 pug/mL of fusion protein. It was therefore decided to

move further with an 8 ng/mL concentration of fusion protein, and to not fix the cells.

Overall, CLEC 4L binds consistently to several cell lines, except in the first run conducted
02.02.24. The same parameters and procedure were used this and the other runs. CLEC 4L may
be presents on normal cells as well, which can make CLEC 4L-CAR-NK cells dangerous. NK
cells “missing-self” mechanism can potentially protect healthy tissues and cells against on-
target off-tumour toxic effect, which theoretically could eliminate the danger of CLEC 4L also
being present on normal cells. By looking at figure 4.2 (in chapter 4.1 Data from FACS runs)
and comparing the control of SF126, CLEC 4L are more expressed on the run conducted the
13.02.24, than the run conducted the 21.03.24. Which can be seen by looking at the curve on
the histogram of the 13.02.24 is further to the right of the X-axis than the control from the same
run. Additionally, this is visualised in figure 4.5 (in chapter 4.1.2 Data from FACS runs) with
all the other runs of SF126 with CLEC 4L, where all runs with CLEC 4L have elevated

expression.
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CLEC 8A also gives consistent binding to some cell lines. CLEC 8A absorb LDL, which is a
glycoprotein transporting lipids and cholesterol in the bloodstream. There may be that LDL is
not bound to the cell surface here, and that CLEC 8 A most likely are bound to something else
here. Previous studies have shown that CLEC 8A binds to phosphatidylserine, which are
present on the surface of dying cells. And although fewer MCF7 cells were counted on the run
done the 21.03.24 a greater proportion of the cells expressed the CLEC 9A ligand compared to
the first run done the 02.02.24. CLEC 9A is also one of the CLRs that does not have a CRD.
Previous studies have shown that CLEC 9A binds to actin, which is an intracellular protein in
the cytoskeleton. Actin is only available for binding if the cell membrane is damaged. Even
though CLEC 9A does not have a CRD, it has not been established whether or not CLEC 9A
is able to bind to sugar groups. Despite CLEC 7A does not have a CRD, it is still able to
recognise sugar groups. This may suggest that CLEC 9A might recognise sugar groups despite
missing a CRD. However, CLEC 2D are bound to many cell lines on the run conducted

02.02.24.

CLEC 1B binds consistently to HET-1A, but hardly at all to other cell lines. CLEC 3B binds
nicely to T47D and WM35, but this is only one experiment. And CLEC 4D binds to KYSE-
450 consistently. For MDA-MB-231 with CLEC 2D and SKBR3 with CLEC 4L and CLEC
2D, there is a wide gap of expression from each run. This also applies for other cell lines and
other fusion proteins. These specific examples indicate that the different CLR ligands may not

be specific, or at least not specific enough.

Although, there might be some debatable factors to this. Firstly, looking more closely at the
results in retrospect, the number of cells were somewhat inconsistent. Especially looking at the
two runs of MCF7. Even though the control (for each cell line) were used as a normalizer to
make the results more comparable, the number of counted cells should be approximately the
same. It was desirable to obtain between 2-2,5 million (live) cells per mL, cells were counted
to calculate to get the right concentrations before conducting FACS runs. Some cells might not
have survived overnight incubation since they were not fixed. Which again may have resulted
in some dead cells, even though the initial concentration was obtained. This did affect the

results, looking back at them. For this reason alone, more FACS runs should have been done.
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Another possible cause for variation may be that cells change their glycosylation depending on
where they are in the cell cycle. Therefore, it may be necessary to synchronize the cells in the
cell cycle. Cells might also change their glycosylation depending on how dense the cells are.
By growing the cells on a lower density in several large flasks, to be able to examine how they
react in exponential growth phase and compare with completely confluent cells could also

provide a greater understanding of how glycosylation and cell cycle affect each other.

Some other challenging aspects of this part of the project was to gather enough data, and at the
same time conduct other experiments in the short time period of four months. Another
difficulty was to time each FACS run. It was well known that the growth rate of each cell line
was different, as well as the time the cell lines took to stabilise after defrosting. This led to
multiple runs with fewer cell lines, which can be assumed was more time-consuming than
fewer runs with many cell lines. More time to gather a representative amount of data, would

give a better understanding of the CLR ligand expression trends or similarities.

5.2 Challenging aspects of CAR-construction

5.2.1 Ligation

Ligation of pUC19 and inserts were more challenging than expected. A possibility is that the
ligations were successful, but that the PCR screen did not work properly. Since there were a
lot of bands there, and there should only be one band if both vector and inserts are there. The

temperature could have been raised to make the PCR more specific.

Some possible reasons for why the ligation did not work, could be because (1) the vector-insert
ratio, (2) insufficient dephosphorylation of the vector or over reaction with CIP, (3) the purity
and quality of both inserts and vector and (4) concentration of DNA. The vector and insert ratio
were calculated based on the measured DNA concentration of both, as well as both 1:1 and 1:4
ratio was tested. Insufficient dephosphorylation may be a cause, which should prevent self-
ligation and encourage insert incorporation. Over reaction with CIP can damage the ends,
making them unable to ligate. Due to the length of some of the bands after previous
electrophoresis, it could indicate that two vectors were ligated together instead of vector-insert
ligation as desired. Even though the concentration was measured and calculated before every
ligation, there may still be impurities after isolation of the DNA. Contamination like salts,

ethanol or other residues from the DNA purification process can inhibit the ligation reaction.
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Inhibition of the ligation process may also happen if other molecules in the reaction mix are

present.

Other factors, that are more unlikely in this setting, which can play a role are incompatible
overhangs, ligation efficiency of enzymes, temperature and duration of ligation. Incompatible
overhangs are crucial due to restrictions enzyme’s ability to cut the vector and insert to generate
compatible overhangs. Restriction enzymes used were investigated beforehand to ensure that
the vector and inserts were cut at the right sites. Even though, one of the restriction enzymes
could have failed to cut properly or the restriction enzymes were cutting at the wrong place.
This would be more unlikely if the conditions were correct. Temperature and duration of the
programmed used were determined by several factors. T4 DNA ligase, which was used here,
typically works best around 15 °C for sticky end ligation. Due to the low temperature, the
reaction can be efficiently carried out overnight, and is more stable for annealing sticky ends
without compromising the enzyme activity. Overnight ligation has also been shown to be more
beneficial because it allows a more extended period for the DNA ends to successfully ligate to

each other, increasing the overall yield of desired product.

5.2.2 Transformation

A transfection may face several hurdles that can lead to unsuccessful outcomes. Some factors
might be (1) low transformation efficiency, (2) quality of competent cells, (3) quality of ligation
product, (4) heat shock timing and temperature, (5) antibiotic selection, (6) presence of
nucleases, (7) plasmid size and structure, (8) competent background growth or (9) plasmid

compatibility and replication.

As discussed above, the quality of the ligation products and presence of nucleases in the
samples from ligation are still valid factors for unsuccessful outcomes. Contamination of
nucleases in the transformation mixtures can degrade the DNA of the plasmid, which reduces
the effective concentration available for transformation. Contamination or the presence of other
bacteria not targeted for transformation can outgrow and overshadow the transformed cells,
especially if they are under stress from transformation. Larger plasmids or those with complex
secondary structures can be more challenging to introduce into bacteria due to difficulties in

the plasmid passing through the bacterial cell membrane.
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The competent E. coli bacteria that were used for transfection, were also used by others (for
other projects and purposes) with successful results, therefore low transformation efficiency
and quality of competent bacteria are ruled out as a factor for the unsuccessful outcomes. The
timing of heat shock and temperature might be a factor, but several precautions were made to
avoid this. A stopwatch was always used to get the correct time, and the temperature was
regulated with a thermometer (which was checked whether it worked or not before every heat
shock was done). If the concentration of ampicillin was too high, it could inhibit the growth of
successfully transformed cells. Conversely, if the antibiotic had degraded or the concentration
was too low, it may allow the growth of non-transformed cells. This is also an unlikely factor,
due to the same batch with agar plates with ampicillin and the same LB medium with ampicillin
was used for every transfection conducted under this project. Which means the same batch with
antibiotic both gave successful transfection with colonies and unsuccessful transfection with

few colonies or colonies with (most likely) wrong ligation.

5.2.3 Electrophoresis

The length of the plasmids was determined by gel electrophoresis after ligation, where the
bands were questionable. Since the size of some bands was approximately double the size of
the vector itself, the initial thought was that dephosphorylation of the vector was insufficient,
which could result in self-ligation. While other samples had several bands, which might be due
to inadequate DNA purification or contamination of the samples. Some bands were also
smeared or dragged. Possible reasons for smeared bands may be because of (1) degradation of
DNA, (2) overloading of sample, (3) inadequate electrophoresis conditions, (4) poor quality or
incorrect agarose, (5) incomplete restriction enzyme digestion or (6) issues with the buffer.
DNA degradation can occur due to improper handling, storage or the presence of nucleases. In
this context, incomplete restriction enzyme digestion can result in a mixture of cut and uncut

DNA and can appear smeared on the gel.

Overloading of the samples is a less likely factor for the smeared bands, due to all the samples
having the same amount loaded on the gel. And since not all the samples had smeared bands
and only some of them, which also indicate that inadequate electrophoresis conditions, poor
quality or incorrect agarose are unlikely factors. Inadequate conditions can be running the gel
at too high voltage, which will lead to excessive heat generation and therefore might affect the

migration of nucleic acids. Running the gel too slow can also lead to diffusion of bands. The
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quality and concentration of agarose used to prepare the gel can impact the resolution of nucleic
acids, where a low concentration of agarose is typically used for larger molecules and higher
concentration of agarose is used for smaller molecules. Using the wrong concentration can lead
to poor separation and smeared bands. Using an old or improperly made buffer can affect the
pH and ionic strength, this might affect the migration of molecules through the gel and can

result in smear or distorted bands.

Other adjustment, in addition to vector-insert ratio, that was tested to achieve the right ligation
was several gel electrophoresis runs. Where different brands of low melting point agarose were
tested, new isolation of vector pUC19 and regular Nanodrop measurements of each inserts and
pUCI19 to ensure DNA concentration. When isolating pUC19 again, time of digestion (from 2
hours to overnight) and time of dephosphorylation (from 30 min to 45-60 min) was extended

to ensure sufficient digestion- and dephosphorylation results.

The majority of the ligated samples were not sent to sequencing, due to results after gel
electrophoresis showed inconsistent length of bands. Of the 6 samples of pUC19 with insert
DAPI12 and 4 samples of pUC19 with insert CRACC, there were no sequences that matched.
The method used, Sanger sequencing, is highly accurate for sequencing small to medium length
of DNA and is often used for task that require high precision, like this and validating DNA
sequences obtained by other methods. Therefore, it is presumable that the cause of incorrect

sequences originates from earlier steps as discussed and not in the sequencing method itself.

43



6 Summary and conclusion

The aims of this project were to profile expression of CLR ligands on cancerous cell lines and
generate CLR-CAR-NK cells, as well as test their cytotoxic activity. Unfortunately, due to
unsuccessful ligations and or transfections it was not possible or time to move on to the next
phase of the project. Which would be to finalise the CAR construct and introduce them into
NK cells.

Regarding categorising expression of CLR ligands, there should have been conducted several
more FACS runs to gather a representative amount of data to analyse. Despite the challenges
concerning different growth rate of the cell lines and that there was preferable with fewer runs
with multiple cell lines rather than multiple runs with fewer cell lines, in hindsight there would
have been wiser to do multiple runs with fewer cell lines. Even though this would have been
more time-consuming, more data could have been collected and the results would be more
representable. Although more data would not necessarily have given a direct correlation of
CLR ligand expression and cell lines or even similar trends, it would give a better

understanding of whether this would be worth investigating further or not.

Furthermore, as for the unsuccessful ligations and or transfection for the CAR constructs, there
might be some sources of error and some adjustment that could have been made. A possible
source of error could be contamination during DNA isolation, purification and or impurities in
the master mixes. And since all transfection used the same batch of agar plates, other agar
plates could have been tested or that the specific batch with agar plates were contaminated or
poorly made. It is hard to exactly pinpoint the reason for the unsuccessful outcomes here, but
measurements to rule out where the fault may lie could have been taken to a greater extent. As

well as trying other adjustments.

In conclusion, multiple FACS runs with fusion proteins for each cell line are required,
preferable in multiple runs of each cell line. This would provide a broader understanding of the
CLR ligands expression. More trials (and errors) are also necessary to eliminate potential
sources of error when it comes to CAR constructs. Ultimately, the results did not show that the
CLRs were specific for each cell line and no CAR construct were successfully produced.

However, with more time and testing on a larger scale, it could result in interesting findings.
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7 Future perspectives

To be able to use CLR ligands as biomarkers for the benefit of personalised immunotherapy,
the expression of each ligand would have to be specific to each cell line or somehow be
consistent to certain cell lines. Which as of now, unfortunately they don’t seem to be. The
conclusion is that it is necessary to explore CLR ligand expression on a bigger scale. Currently,
there are not enough results to conclude with certainty whether or not they can be used as
biomarkers for the benefit of personalised immunotherapy. In terms of the CAR construct,
there are no obvious sources of error regarding the failed ligations and more trails are

suggested.

If the results had been in our favour, the next phase of the experiment would have been to do a
viral transduction of the lentiviral vector pScalps puro, which includes a transmembrane
domain (DCIR) and an extracellular domain (CLEC 4L), with a different selection of inserts.
With the intention of creating a library collection of CLR-CARs with different inserts. And

thereafter, transduce them into NK-cells.

Further, by utilising the CAR-NK cells for treatment of patient-derived xenograft-tumour
bearing mice. Transferring xenografts to mammary fat pads of immunodeficient NSG mice
and allow them to grow to a given size before commencing treatment with CAR-NK cells.
Finally, injecting various numbers of CAR-NK cells intravenously or intratumorally and

follow the subsequent growth of the tumours.
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Appendices

Appendix A — Equipment and instruments

Table A1 — Equipment. List of equipment used in this project.

Equipment Manufacture
Eppendorf tubes Eppendorf
Falcon tubes Falcon
HiClave HV-110 HMC

Nunc™ Petri dishes 90 mm

Thermo Scientific

Pipetboy

Integra Bioscience

Pipette

Thermo Scientific

T175 Nunc™ Non-treated Flasks

Thermo Scientific

T225 Nunc™ Non-treated Flasks

Thermo Scientific

96 Conical (V) Bottom Plate, Non-Treated Surface

Thermo Scientific

Table A2 — Instruments. List of instruments used in this project.

Instrument Manufacture
Centrifuge 5424 Eppendorf ™
Digital Graphic printer UP-D897 SONY

Electrophoresis power supply EPS 301

Amersham Pharmacia Biotech

FACSCalibur™ Flow Cytometer

BD Biosciences

GeneAmp machin System 9700 Applied Biosystems
GoTaq G2 Flexi, DNA Polymerase Promega

Imaging system, Benchtop UV, Transilluminator, UVP BioDoc-It
Incubator shaker series Innova 44

Mini horizontal submarine unit HE33 Hoefer

Nanodrop One Thermo Scientific
Rotina 420R Centrifuge Hettich

TC20 Automated Cell Counder BioRad

T4 DNA Ligase, LC

Thermo Scientific

UV-light LKB 2011

Macrovue Transilluminator
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Appendix B - Chemicals and reagents

Wendi Jensen produced the fusion proteins used in this project (listed in table 3.2) and Michael
Rory Daws produced and isolated the LMI competent DH5a E. coli. AINTP 5SmM and BpBlue
dye (6 x) was portion out in several Eppendorf tubes, the original packaging of these was
therefore untraceable.

Table B1 — Chemicals and reagents. List of chemicals and reagents used in this project.

Chemicals/reagent product name Cat. No. Manufacture

Affini Pure™ Donkey Anti-Human IgG Fcy Jackson ImmunoResearch
fragment specific

Alkaline phosphatase, Calf intestinal (CIP) M0290S New England BioLabs
Bam HI RO136S New England BioLabs
Bgl I R0144S New England BioLabs
BpBlue dye (6 x) buffer

EDTA/BpBlue/XyCy/Glycerol

CutSmart B7204S New England BioLabs
DMEM Medium 11965092 Gibco

dNTP 5SmM

Ethidium bromide 15585011 Invitogen™

GoTaq G2 Flexi DNA Polymerase M780B Promega

LMI competent DH5a E. coli

MgClz 25 mM A351H Promega

MgSO4 Stock Solution 1067200 Roche Diagnostics

NEBuffer 3.1 (10 x) B7203S New England BioLabs

Nuclease Free Water P119A Promega

SOC Medium 15544034 Invitogen™

TopVision Agarose R0491 Thermo Scientific™

UltraPure™ LMP Agarose 16520050 Invitogen™

1 kB DNA Ladder SMO0311 GeneRuler

5 x Green GoTaq Flexi Buffer MS89TA Promega

10 x Buffer for T4 DNA Ligase ATP B0202S New England BioLabs
100 bp Plus SM0321 GeneRuler

Table B2 — Kits.

Kit Cat. No. Manufacture
PCR & Gel Clean up kit (100) 28506 QIAGEN
QIAprep Spin Miniprep Kit (250) 27106 QIAGEN
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Table B3 — Solutions composition. Composition of solutions used in this project. Note
different total volume for each solutions as well as different units under quantity for each

solution.
Total Solution Substance Quantity
volume
200 mL LMP Agarose gel 1,5 % UltraPure™ LMP Agarose 1,5 %
1x TAE 200 mL
200 mL Agarose gel 1,5 % TopVision Agarose 1,5 %
1x TAE 200 mL
500 mL EMDM (1x) Medium with Antibiotic 0,01 %
Serum 10,00 %
Pyruvate 0,01 %
500 mL 100x FACS Additive 11 Azide 25,00 %
BSA 5,00%
CaCL (1IM) 250 uL
MgClL (1M) 400 pL
PBS 500 mL
50 mL PBS-EDTA PBS 50 mL
EDTA 1 mM 0,1 mL
FCS 0,25 mL
50 mL PFA with PBS ddH>O 40 mL
PFA 2g
PBS (10x) 5mL
200 mL 50x TAE ddH>O 200 mL
Tris base 484 ¢
Acetic acid 11,4 mL
EDTA (0,5 M, pH 8,0) 20 mL
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Appendix C — Software and websites
Table C1 — Software and websites. List of software and websites used during this project.

Software/websites Reference

Benchling https://www.benchling.com

BioRender https://www.biorender.com

FlowJo https://www.flowjo.com/solutions/flowjo
GraphPad https://www.graphpad.com
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Appendix D — Raw data FACS
Raw data exported from Excel, from FACS runs that were used to make graphs in GraphPad.

Table D1 — Raw data SKBR3.

SKBR3 02.02 SKBR3 21.03 SKBR3 02.02 SKBR3 21.03
Without FP 9,03 18,7 1 1
CLEC 4D 12,7 33 1,406423034 1,764705882
CLEC 4E 10,8 31,5 1,196013289 1,684491979
CLEC 12A 12,3 47,4 1,362126246 2,534759358
CLEC 1B 17 36,4 1,882613511 1,9465240064
CLEC 2D 144 34,8 15,94684385 1,860962567
CLEC 4L 9,06 1576 1,003322259 84,27807487
CLEC 7A 8,49 25,3 0,940199336 1,352941176
CLEC 2A 11,3 21,4 1,251384275 1,144385027
CLEC 8A 32,8 49,5 3,632336656 2,647058824
CLEC 3B 9,92 64,7 1,098560354 3,459893048
CLEC 5A 11,6 17,4 1,284606866 0,930481283
CLEC 1A 25,2 18,8 2,790697674 1,005347594
CLEC 9A 8,93 84,2 0,988925803 4,502673797
CLEC 12B 32,6 0 1,743315508

Table D2 — Raw data HET-1A.

HET 1A 02.02 HET 1A 21.03 HET 1A 02.02 HET 1A 21.03
Without FP 14,1 8,95 1 1
CLEC 4D 19,5 18,4 1,382978723 2,055865922
CLEC 4E 21,9 15 1,553191489 1,675977654
CLEC 12A 15,8 15,8 1,120567376 1,765363128
CLEC 1B 76,3 78,9 5,411347518 8,815642458
CLEC 2D 72,6 14,8 5,14893617 1,653631285
CLEC 4L 13,5 67,5 0,957446809 7,541899441
CLEC 7A 14,3 17,9 1,014184397 2
CLEC 2A 21,2 10,7 1,503546099 1,195530726
CLEC 8A 22,9 20,6 1,624113475 2,301675978
CLEC 3B 16,2 25,5 1,14893617 2,849162011
CLEC 5A 28,7 10,1 2,035460993 1,12849162
CLEC 1A 50,9 12 3,609929078 1,340782123
CLEC 9A 48,8 23,2 3,460992908 2,592178771
CLEC 12B 42,8 0 4,782122905
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Table D3 — Raw data MDA-MB-231.

MDA-MB-231 02.02 MDA-MB-23121.03 MDA-MB-231 MDA-MB-231
02.02 21.03
Without FP 6,65 7,17 1 1
CLEC 4D 14 9,6 2,105263158 1,338912134
CLEC 4E 8,17 8,6 1,228571429 1,19944212
CLEC 12A 7,36 7,04 1,106766917 0,981868898
CLEC 1B 8,24 10,4 1,239097744 1,450488145
CLEC 2D 47,9 5,49 7,203007519 0,765690377
CLEC 4L 7,61 17,1 1,144360902 2,384937238
CLEC 7A 7,39 7,19 1,111278195 1,0027894
CLEC 2A 12 7,5 1,804511278 1,046025105
CLEC 8A 16,2 10,7 2,436090226 1,492329149
CLEC 3B 6,55 10,1 0,984962406 1,408647141
CLEC 5A 7,17 6,56 1,078195489 0,914923291
CLEC 1A 17,8 7,51 2,676691729 1,047419805
CLEC %A 7,53 13,8 1,132330827 1,924686192
CLEC 12B 9,51 0 1,326359833

Table D4 — Raw data Jurkat-TAg.

Jurkat-TAg 08.03

Jurkat-Tag 21.03

Jurkat-TAg 08.03

Jurkat-TAg 21.03

Without FP 9,26 14,5 1 1
CLEC 4D 10,9 17,9 1,177105832 1,234482759
CLEC 4E 10,5 14,8 1,133909287 1,020689655
CLEC 12A 7,37 15,2 0,795896328 1,048275862
CLEC 1B 9,2 19,1 0,993520518 1,317241379
CLEC 2D 11,3 19,8 1,220302376 1,365517241
CLEC 4L 30,6 27,1 3,304535637 1,868965517
CLEC 7A 11,1 16 1,198704104 1,103448276
CLEC 2A 9,89 15,7 1,068034557 1,082758621
CLEC 8A 13,9 23,4 1,501079914 1,613793103
CLEC 3B 8,41 27,2 0,908207343 1,875862069
CLEC 5A 10,8 14,6 1,166306695 1,006896552
CLEC 1A 10,2 15 1,101511879 1,034482759
CLEC %A 15,1 20,5 1,630669546 1,413793103
CLEC 12B 11,3 15,4 1,220302376 1,062068966
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Table D5 — Raw data KYSE-450.

KYSE450 02.02 KYSE45021.03 KYSE450 02.02 KYSE450 21.03
Without FP 8,05 17,6 1 1
CLEC 4D 30,1 42,8 3,739130435 2,431818182
CLEC 4E 15,8 22,5 1,962732919 1,278409091
CLEC 12A 12,6 19,6 1,565217391 1,113636364
CLEC 1B 13,2 26,7 1,639751553 1,517045455
CLEC 2D 129 314 16,02484472 1,784090909
CLEC 4L 10,5 64,7 1,304347826 3,676136364
CLEC 7A 8,87 17,8 1,101863354 1,011363636
CLEC 2A 44,6 18,6 5,540372671 1,056818182
CLEC 8A 54,8 132 6,807453416 7,5
CLEC 3B 9,97 54,6 1,238509317 3,102272727
CLEC 5A 14 20,6 1,739130435 1,170454545
CLEC 1A 45,9 33 5,701863354 1,875
CLEC %A 10,7 73,5 1,329192547 4,176136364
CLEC 12B 32,4 0 1,840909091
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Table D6 — Raw data T47D, WM35, THP-1

T47D 08.03 WM25 08.03 THP-1 08.03 T47D 08.03 WM25 08.03 THP-1 08.03
Without FP 33 14,6 5,05 1 1 1
CLEC 4D 4,55 22,8 6 1,378787879 1,561643836 1,188118812
CLEC 4E 3,41 17 5,52 1,033333333 1,164383562 1,093069307
CLEC 12A 3,26 16,2 5,29 0,987878788 1,109589041 1,047524752
CLEC 1B 4,45 30,7 5,75 1,348484848 2,102739726 1,138613861
CLEC 2D 7,52 19,9 5,47 2,278787879 1,363013699 1,083168317
CLEC 4L 19,7 61,1 19,9 5,96969697 4,184931507 3,940594059
CLEC 7A 3,79 18,1 5,11 1,148484848 1,239726027 1,011881188
CLEC 2A 2,37 14,7 5,3 0,718181818 1,006849315 1,04950495
CLEC 8A 4,58 27 5,54 1,387878788 1,849315068 1,097029703
CLEC 3B 13,5 33,2 5,65 4,090909091 2,273972603 1,118811881
CLEC 5A 2,38 14,5 5,35 0,721212121 0,993150685 1,059405941
CLEC 1A 4,14 17,5 5,36 1,254545455 1,198630137 1,061386139
CLEC %A 6,14 29,2 5,5 1,860606061 2 1,089108911
CLEC 12B 4,13 19,8 5,29 1,251515152 1,356164384 1,047524752
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Table D7 — Raw data MCF7.

MCEF7 02.02 MCEF7 13.02 MCEF7 21.03 MCEF7 02.02 MCEF7 13.02 MCEF721.03
Without FP 10,6 9,54 30,6 1 1 1
CLEC 4D 10,2 9,71 64,3 0,962264151 1,01781971 2,10130719
CLEC 4E 9,84 9,33 34,6 0,928301887 0,97798742 1,13071895
CLEC 12A 9,32 9,6 34,5 0,879245283 1,00628931 1,12745098
CLEC 1B 8,85 10,8 37,9 0,83490566 1,13207547 1,23856209
CLEC 2D 71,8 9,35 59,3 6,773584906 0,98008386 1,9379085
CLEC 4L 9,79 515 854 0,923584906 5,39832285 27,9084967
CLEC 7A 8,29 9,35 80,2 0,782075472 0,98008386 2,62091503
CLEC 2A 10,1 89 30,4 0,952830189 0,93291405 0,99346405
CLEC 8A 10,5 10,2 81,4 0,990566038 1,06918239 2,66013072
CLEC 3B 8,85 10,4 103 0,83490566 1,09014675 3,36601307
CLEC 5A 8,64 9,87 32,1 0,81509434 1,03459119 1,04901961
CLEC 1A 11,9 9,6 45,2 1,122641509 1,00628931 1,47712418
CLEC %A 8,07 11,3 293 0,761320755 1,18448637 9,5751634
CLEC 12B 10 56,7 0 1,04821803 1,85294118
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Table D8 — Raw data SF126.

SF126 02.02 SF126 13.02 SF126 08.03 SF126 21.03 SF126 02.02 SF126 13.02 SF126 08.03 SF126 21.03
Without FP 4,64 4,06 3,37 10,6 1 1 1 1
CLEC 4D 5,16 4,61 4,82 11,4 1,112068966 1,13546798 1,430267062 1,075471698
CLEC 4E 5,01 4,25 4 10,4 1,079741379 1,04679803 1,18694362 0,981132075
CLEC 12A 4,82 4,2 4,33 10,3 1,038793103 1,034482759 1,284866469 0,971698113
CLEC 1B 4,92 4,83 5,62 9,75 1,060344828 1,189655172 1,667655786 0,919811321
CLEC 2D 6,7 4,65 4,6 11 1,443965517 1,145320197 1,364985163 1,037735849
CLEC 4L 4,79 10,9 6,79 20,2 1,032327586 2,684729064 2,014836795 1,905660377
CLEC7A 4,63 4,29 3.9 10,5 0,997844828 1,056650246 1,15727003 0,990566038
CLEC 2A 5,34 4,25 3,61 10,6 1,150862069 1,04679803 1,071216617 1
CLEC 8A 5,08 4,85 3,94 12,6 1,094827586 1,194581281 1,169139466 1,188679245
CLEC 3B 4,71 5,36 4,73 11,7 1,015086207 1,320197044 1,403560831 1,103773585
CLEC 5A 4,91 4,26 3,71 9,67 1,058189655 1,049261084 1,100890208 0,912264151
CLEC 1A 7,24 4,46 4,11 10,3 1,560344828 1,098522167 1,21958457 0,971698113
CLEC9A 4,99 11 8,13 14,2 1,075431034 2,709359606 2,412462908 1,339622642
CLEC 12B 4,26 4,13 14,7 0 1,049261084 1,225519288 1,386792453
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