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1 Introduction

1.1 The Role of the pig in immunological research

Within biomedical research, the domestic pig (Sus scrofa domesticus) is a very good animal to
study human diseases of any kind. This is due to the numerous similarities with humans in terms
of anatomy and physiology (Kiser 2021; Pabst 2020; Gerdts et al. 2015). For example, the
porcine immune system resembles over 80 % of the human immune system, while that of mice
only about 10 % (Dawson 2011). In addition, there are numerous markers with which immune
cells and their specific development and behaviour in the lymphatic organs can be studied. The
pig is currently the best researched model for possible future xenotransplantation to alleviate
the problem of organ shortage in organ transplants (Pabst 2020). All in all, the pig offers many
advantages compared to other animal species used in research such as mice, dogs or monkeys
(Pabst 2020). A good general understanding about the porcine immune system is therefore an
important prerequisite for the study of immunological diseases. Furthermore, it is important to
study the porcine immune system in more detail for improving animal welfare in this farm

animal species.

1.2 Immune system of mammals in general - with focus on the pig

The immune system is the defence system of biological organisms. It can distinguish between
foreign and endogenous substances and thus offers protection against pathogens of any kind.
The classification of the immune system and the associated immune reaction is based on several
factors. The most important aspect is the division into a less-specific (innate) and a specific
(acquired or adaptive) immune system, as well as the distinction between cellular and non

cellular (humoral) immune defence (McComb et al. 2019).

The immune system forms a specialized network of immune organs that cooperate with each
other. Due to the lymph and blood vessels, it is possible for the immune system to supply several
areas in the organism simultaneously. The primary lymphoid organs are the tissues responsible
to produce lymphoid cells from precursor cells, these include the bone marrow and the thymus.
The antigen presentation and the clonal proliferation of the lymphocytes take place in the
secondary lymphoid organs (spleen, lymph nodes, Peyer’s patches, appendix and mucosa

associated lymphoid tissue) (McComb et al. 2019).



The response of the innate system is characterized primarily by a rapid response that is less
specific for distinct pathogens (Saalmiiller 2006).The cells of the porcine innate immune system
generally include granulocytes, mast cells, macrophages, dendritic cells, and lymphocytes like
vd T cells and natural killer (NK) cells (Mair et al. 2014). Humoral components include the
complement system, which is composed of several soluble plasma proteins, acute phase

proteins and antimicrobial peptides (Shishido et al. 2012).

Like for other mammalian species, the first step in the innate immune response of the pig
includes pathogen recognition by antigen presenting cells (APCs, macrophages and dendritic
cells). Highly conserved pathogen associated molecular patterns (PAMPs) such as
lipopolysaccharides are recognized with the help of pathogen recognition receptors (PRRs)
(Kumar and Kawai 2011). APCs can ingest (phagocytose) the pathogens and subsequently
release pro-inflammatory chemokines and cytokines (e.g., Interleukin (IL)-8, IL-1B, IL 6, IL
12, or tumour necrosis factor o (TNF-a) (Saalmiiller 2006). Together with the complement
system, acute phase proteins and antimicrobial peptides, these immunological messengers are

part of the first defence (Mair et al. 2014).

After phagocytosis, the antigen-presenting cells process and present peptide-fragments
(antigens) of the pathogens on their surface to the B and T lymphocytes, thus activating the
adaptive arm of the immune system. Antigen-specific lymphocytes are then activated and can
kill the pathogens directly, provide B-cell help (T cells), or produce antibodies which mark and
neutralize the pathogens (B cells). In addition, memory cells are produced, which form the basis
for immunological memory important for a second encounter with the pathogen (McComb et
al. 2019). The reaction of the adaptive immune system is characterized by antigen specificity
slower but more specific immune responses and the development of a long-lasting
immunological memory (Saalmiiller 2006). In the following chapters, certain lymphocyte
populations within the innate and adaptive immune system are discussed in more detail,

especially the role of T lymphocytes and highlighting the role of the CD8 cell-surface molecule.

1.3 The CDS8 receptor
The CD8 molecule is a surface glycoprotein, that plays an essential role in the immune system
of higher organism. The receptor consists of two amino acid chains, which are held together by

disulfide bonds. For interaction with the major histocompatibility complex (MHC), the



polypeptide chains possess a single immunoglobulin like domain on the extracellular side of
the receptor. The chains are anchored in the membrane with the help of other polypeptides. The
CDS8 receptor is expressed in two different isoforms. Typically, it is represented in the form of
an aof} heterodimer, consisting of an a and a § chain. The other variant is the expression of an
ao homodimer consisting of two identical a chains (Terry et al. 1990; Saalmdiller et al. 1994).
The monomer structure has a molecular weight of 33-35 kDa, while the dimer has a molecular
weight of 66-70 kDa (Jonji¢ and Koszinowski 1984; Pescovitz et al. 1984). CDS serves as a
coreceptor of the T-cell receptor (TCR). The TCR recognizes the epitope presented on MHC-
class-I molecules and CD8 interacts with the associated a3 domain of the MHC-class-1 complex

(Figure 1) (Devine et al. 1999).

cos

Figure 1: Interaction between CD8 heterodimer and MHC-class-I

The figure shows the interaction of the CD8 receptor (consisting of an a and a B chain) and the o3
domain of the MHC class one molecule.

From: Janeway’s Immunobiology 8th edition GS

The CDS8 receptor is expressed by several lymphocyte subsets in the pig, including NK cells,
vd T cells and antigen-experienced aff T cells. On these cell populations, CDS8 is expressed as
an o homodimer. Porcine cytolytic T cells on the other hand exclusively express CD8 aff

heterodimers (Gerner et al. 2009). Several monoclonal antibodies (mAbs) for either of the two



chains are available. Certain mAb clones are known that can recognize different epitopes only
in the CD8a chain (epitope CD8a and CD8b) (Saalmiiller et al. 1994). Nonetheless, no detailed

information is available on the distinct epitopes of the mAbs.

1.4 Porcine T lymphocytes and their development

As in other higher mammals, the thymus of swine is an organ responsible for the maturation
and production of T cells. From day 40 of gestation, the thymus is colonized by precursor
thymocytes. These progenitor cells are produced in the liver during the first fetal trimester and
do not yet express cluster of differentiation (CD) surface molecules CD3, CD4, or CDS8
(referred to as double-negative thymocytes). After 40-50 days of gestation, they begin to
express CD3, but unlike murine or human double-negative thymocytes, porcine double-
negative thymocytes do not express the CD25 molecules (Sinkora et al. 2000; Sinkora and
Butler 2009). In general, most double-negative thymocytes express the o T-cell receptor. The
v0 TCR population dominates the thymus and peripheral lymphoid tissue (e.g., spleen) between
40-60 days of fetal life. Double-negative thymocytes, which do not express the Y6 TCR, begin
to express both CD4 and CDS at approximately 60-70 days post gestation. These cells are called
double-positive thymocytes and become the predominant population after 60-90 days of
gestation. At day 70, they differentiate to either CD4"'CD8 or CD4 CDS8". As in humans porcine
T cell progenitors that enter the thymus during and after the third trimester of gestation originate

from the bone marrow and no longer from the liver (Sinkora et al. 2000; Gerner et al. 2009).

Regarding human and mouse thymocytes, it is well reported that only those developing T cells
expressing their specific T-cell receptor molecules, capable of recognizing the self-major
histocompatibility complex (MHC) antigen molecules, but not endogenous antigens
differentiate into specific mature non-self-reactive lymphocytes, while cells with reactivity
against their own organism are eliminated by apoptosis (Anderson et al. 1996). To date, little is
known about positive and negative selection of T cells in pigs (Charerntantanakul and Roth
2006). It is assumed that the selection of T cells in pigs takes place in the second and third
trimesters of gestation, since a particularly large number of thymocytes die at this period
(Sinkora et al. 1998). The positive selection leads to T cells subsequently recognizing foreign
substances, only if their antigens are bound to the MHC on the surface of other cells. Free

antigens are only recognized by T cells if they are actively presented by antigen presenting cells



(so called MHC restriction). However, porcine yo T cells can recognize antigens independently

and without the help of the MHC (Charerntantanakul and Roth 2006; Takamatsu et al. 2006).

1.4.1 Classification and characterization of porcine T cells

1.4.2 T-cell receptor and clusters of differentiation (CD)

Porcine T cells are divided into various subgroups with characteristic features and functions.
The T cells are phenotypically classified by a different structure of the TCR and additionally
based on specific surface coreceptors. All T cells are defined by the expression of the CD3
molecule (Saalmiiller et al. 1999; Charerntantanakul and Roth 2006). Regarding the structure
of the TCR, a distinction is made between two main forms. The af3 T cells have a TCR which
is composed of one alpha (o) and one beta (B) glycoprotein chain. The TCR of the yo T cells is
characterized by the expression of one gamma (y) and one delta () molecule chain (Thome et
al. 1994; Gerner et al. 2009). For antigen recognition the two chains typically form a

heterodimer (Figure 2).

antigen-binding antigen-binding
site site
r'—'—r r'_‘l'_"‘l
a chain B chain vy chain 3 chain
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Figure 2: The two classes of TCR
The figure shows the two different classes of the T-cell receptor. The TCR

of af T cells has an a and a B chain. The TCR of yd T cells is composed
of ay and a o peptide chain.
From: The Immune system, 3rd edition (Garland science 2009)



The af T cells can be further phenotypically divided into CD4"CD8", CD4"CD8'"°, CD4"CD8
and CD4 CD8" T cells. Especially here, the existence of extrathymic cells expressing both CD4
and CDS is a peculiarity of swine (Saalmdiiller et al. 1987). The v T cells are categorized in
CD2'CD4 CDS§", CD2"CD4 CDS8" and CD2"CD4 CDS" cell subsets (Charerntantanakul and
Roth 2006) (Figure 3). One of the most significant differences between aff T cells and yd T cells
in terms of their function, is their antigen recognition. While aff T cells need a presentation of
the antigens via the MHC, the yo T cells can recognize antigens in an MHC non-restricted
fashion (Charerntantanakul and Roth 2006; Takamatsu et al. 2006). CD4" af T cells detect
antigens presented in MHC-class-II molecules and CD4'CD8" aff T cells can only identify
antigens presented in MHC-class-1 molecules (Saalmiiller et al. 1999; Charerntantanakul and

Roth 2006; Gerner et al. 2009).

T cell subpopulation MHC restriction Response to antigens
of T cells
CD4'CD8 MHC class Il Cell proliferation

Up-regulation of CD8
Up-regulation of MHC
class Il

CD4*CD8'" MHC class Il Up-regulation of CD25
Cell proliferation
Cytokine secretion
Stimulation of B cells

CD4CD8" MHC class | Unknown

CD4~-CD8" MHC class | Up-regulation of CD25
Cell proliferation
Cytokine secretion
Cell cytotoxicity

v8 T cells
CD2'CD4 CD8 No Cell proliferation
Cytokine secretion
CD2*CD4 CD8" No Cell proliferation
Cytokine secretion
Cell cytotoxicity
CD2-CD4~CD8~ No Unknown

Figure 3: Summary of characteristics of porcine T cell subpopulations

The figure shows the division into porcine T cell subpopulations, their MHC restriction, and the
corresponding cellular processes after antigen stimulation.

From: Charerntantanakul and Roth 2006, p. 83



1.4.3 Porcine af T cells

1.4.3.1 CD4" T helper cells

Porcine CD4"CD8 af T cells are referred to as naive T helper (Th) cells since they have not
yet had contact with foreign antigens. After antigen contact, they begin to proliferate and
upregulate expression of MHC-class-II and CD8 molecules. Therefore, CD8 expression on
CD4" T cells marks antigen-experienced cells (Saalmiiller et al. 2002). Importantly, here CDS8
is expressed in the oo homodimer form (Yang and Parkhouse 1997; Gerner et al. 2009).
Furthermore, CD8a together with CD27 can be used to distinguish central and effector memory
cells (Reutner et al. 2012; 2013). The main functions of the CD4"CD8" memory Th cells is the
recognition of recall antigens and the subsequent production of specific cytokines (e.g.
Interferon (IFN) a, IL-2 or IFN-y) (Reutner et al. 2013; Talker et al. 2015). The presence of the
CD8a molecule is a suitable tool to differentiate CD4"CD8" memory Th cells from CD4"CD8"
naive Th cells (Saalmiiller et al.2002).

1.4.3.2 Cytolytic T cells

The CD4'CD8" T cells are also referred to as cytolytic T cells (CTL). They represent a very
important type of immune cell and are characterized by the recognition of foreign antigens in
an MHC-class-I restricted manner (Yang and Parkhouse 1997). Subsequently, they can kill
target cells with perforins and granzymes or secrete cytokines such as IFN-y or TNF-a to initiate
immune response (Charerntantanakul and Roth 2006; Denyer et al. 2006). Porcine cytolytic T
cells are characterized by expression of CDS8 as aff heterodimer (Gerner et al. 2009). It was
shown that they play an important role in viral infections like influenza A (Talker et al. 2015)
or African Swine Fever (Martins et al. 1993). Very recently transcriptome analysis revealed in-

depth details on porcine naive and memory CTL subsets (Lagumdzic et al. 2022).

1.4.4 Porcine yo T cells

The yo T cells are one of the major T-cell subpopulation in the peripheral blood lymphocytes
(PBL) of pigs (Yang and Parkhouse 1996; Talker et al. 2013). The phenotypic classification is
based on the division into CD2" and CD2" vyd T cells. Due to CDS8 expression, the CD2" v T
cells represent two additional subgroups (CD2°CD8 and CD2"CDS8" y3 T cells) with different
functional properties like production of different cytokines (Sedlak et al. 2014). One of the most

important features of these two subpopulations, is the recognition of antigens in a non MHC



restricted manner. The antigen stimulation is followed by cell proliferation and an expression
of cytokines (Takamatsu et al. 2006). Like NK cells, they also express the CD8 receptor in the
form of an aa homodimer (Yang and Parkhouse 1997; Gerner et al. 2009).

1.5 Natural killer (NK) cells

NK cells are a subpopulation of lymphocytes, that play an important role in the early immune
response. Their functions include the killing of virus-infected cells and tumours, as well as the
production of immune-regulatory cytokines (e.g., IFN-y and TNF-a) ( Moretta et al. 2008). NK
cells develop from lymphoid stem cells in the bone marrow and are then released into the
bloodstream. They do not have antigen-specific receptors on their cell surface like T and B
cells, but instead express germ-line encoded receptors (Moretta et al. 2008). The activity of NK
cells is stimulated by interferons or cytokines, which are secreted by macrophages. The
cytoplasm of NK cells contains numerous small granules consisting of proteins, such as
perforins or proteases (e.g. granzymes). They are released in the vicinity of target cells, where
they lead to perforation of the cell membrane and induction of apoptosis. Activation of NK cells
is regulated by two forms of surface receptors - activating and inhibitory receptors. These
receptors interact with molecules of the MHC-class-I molecule on the surface of the target cells

(inhibitory signal) but also stress-induced ligands (activating signal) (Moretta et al. 2008).

Phenotyping of porcine NK cells can only be made possible by specific marker combinations
(e.g., CD8a vs. CD16 and CD8a vs CD3), since individual selective markers are still missing
(Mair et al. 2014). Initially porcine NK cells were defined by specific marker combinations
and were described by a perforin® CD2" CD3" CD4” CD5 CD6 CD8a."CD8BCD16" phenotype
(Denyer et al. 2006). Phenotyping furthermore confirms that porcine NK cells only express the
CDS8 receptor molecule in the form of CD8a homodimer chains (Gerner et al. 2009). More
recently, it was described that porcine NK cells can be divided into distinct functional subsets
based on different expression levels of the activating receptor NKp46 and CD8a (Mair et al.
2012; 2013).



1.6 Antibody structure and monoclonal antibodies (mAbs)

Monoclonal antibodies are immunologically active proteins produced by B cells or B-cell lines.
They are generated by cloning a unique precursor B lymphocyte. In comparison to the typical
polyclonal antibodies, a mAb is directed only against one specific epitope of an antigen. In
diagnostics and research, mAbs have become a very important tool to detect many molecules
with a high specificity in techniques like immunohistochemistry and flow cytometry. The
general production of mAbs is based on the fusion of antibody-producing B-cells with cells of
a myeloma cell line, resulting in hybrid cells, that produce indefinitely antibodies of one
specificity (Kohler and Milstein 1975). For the final extraction of the mAbs, the hybridoma cell
line, that best produces antibodies that bind to the desired epitope of a specific antigen is

selected (Posner et al. 2019; Nelson et al. 2000).

The molecular structure of antibodies depends on their class. In most mammals, there are five
different classes (isotypes) of immunoglobulins (IgA, IgG, IgD, IgE, IgM), which are classified
based on their different gene segments for the constant parts of the heavy chains. The general
antibody structure is composed of two identical heavy chains and two identical light chains.
The polypeptide chains are connected to each other by covalent disulfide bonds and arranged
in the form of a “Y”. Each chain is comprised of constant (Cr, Cul, Cu2, Cu3) and variable
domains (Vi, Vh). In contrast to light chains, heavy chains have three different constant regions
(Cul, Cu2, Cu3). The variable domains of one light chain and one heavy chain together form
the antigen binding site (Fy) (Posner et al. 2019; Ma and O’Kennedy 2015). The exceptional
variability of antigen binding sites (Complementarity Determining Region (CDR)) is achieved
by the organism through V(D)J recombination. This is an intentional genetic DNA
rearrangement process, in which the gene segments V, D and J are recombined to produce a
variety of new antibodies and receptors with unique antigen specificity (Chi, Li, and Qiu 2020).
Together with the constant regions of the light chains and the first constant regions (Cul) of the
heavy chains, this forms the so-called Fab (antigen-binding fragment). The Fab is also called
the V part of the Y-shaped antibody. The lower part, consisting only of residual constant
domains of heavy chains, is generally described as the Fc (constant fragment) fragment. This

part can interact with components of the complement system or bind to the Fcy receptors on the
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effector cells of the innate immune system (Posner et al. 2019; Ma and O’Kennedy 2015).

Figure 4 gives an overview of the general antibody structure.

&
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VL Fab
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A
Fab scFv VHH/ VH

Figure 4: Illustration of an IgG and the structural units of IgGs

The figure shows the typical components of an immunoglobulin class G (IgG). The upper
part is commonly known as the antigen-binding fragment (Fab), consisting of variable and
constant regions of the light and the heavy chains. The lower part consists exclusively of
constant regions of the heavy chains and is therefore referred to as constant fragment (Fc).
From: Posner et al. 2019, p.7

1.7 Aim of the study

Preliminary results indicate that distinct combinations of mAb clones for porcine CD8a and
CD8p chains can cause troubles in multi-color staining panels. It is assumed that the binding of
the anti-CD8a 11/295/33 mAD clone to the CD8a chain complicates the binding of the anti
CDS8B PPT23 and PG164A mAb clone to the CD8P chain by a form of steric hindrance. This
can lead to suboptimal detection of CD8B" cells. Therefore, the aim of the study was to search
for an mAb composition that is suitable for the simultaneous detection of CTLs (defined by the
CD8p phenotype) in combination with lymphocyte subsets expressing the CD8ao homodimers
(such as NK cells, v T cells, or CD4+ antigen-experienced T cells). The obtained data will help
in future panel designs for multi-colour flow cytometry in the pig and therefore improving

studies of porcine immune cells.
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2 Material and Methods
2.1 Material

2.1.1 Reagents and solutions

Table 1: Reagents and solutions used during the work

Reagent/Solution Manufacturer/Company

PBS (without Ca?*, Mg?") PAN-Biotech (Aidenbach, Germany)

Lymphocyte separation medium
(Pancoll human, density 1.077 g/ml)

PAN-Biotech

Washing Medium:
RPMI 1640 with stable glutamine
5% (v/v) FCS
100 1U/ml penicillin
0.1 mg/ml streptomycin

PAN-Biotech

Sigma-Aldrich (Missouri, USA)

PAN-Biotech
PAN-Biotech

Tissue Culture Medium:
RPMI 1640 with stable glutamine
10 % (v/v) FCS
100 IU/ml penicillin
0.1 mg/ml streptomycin

PAN-Biotech
Sigma-Aldrich
PAN-Biotech
PAN-Biotech

Freezing Medium:
RPMI 1640 with stable glutamine
100 IU/ml penicillin
0.1 mg/ml streptomycin

PAN-Biotech
PAN-Biotech
PAN-Biotech

40 % (v/v) FCS Sigma-Aldrich
10 % (v/v) DMSO Sigma-Aldrich
FCM bulffer:

PBS (without Ca?*, Mg?")
10 % (v/v) heat inactivated porcine plasma

PAN-Biotech
Obtained in-house




2.1.2 Antibodies
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The following antibodies were used for the experiments performed in the thesis.

Table 2: Primary antibodies for cell surface antigens

Antigen | Fluorochrome Clone Isotype | Conjugated | Source
CD3 BB23- Mouse | Indirect*® Southern Biotech
8E6 I1gG2b (Birmingham, USA)

CD8a 76-2-11 Mouse | Indirect* In-house conjugated
IgG2a

CD8a PE 76-2-11 Mouse | Direct BD Bioscience
IgG2a (New Jersey, USA)

CD8a 11/295/33 | Mouse | Indirect*
IgG2a

CD8a Alexa Fluor 647 | 11/295/33 | Mouse | Direct In-house conjugated
IgG2a

CD8a Alexa Fluor 488 | 11/295/33 | Mouse | Direct
IgG1

CD8a PE 295/33/25 | Mouse | Direct BD Bioscience
IgG2a

CD8p PPT23 Mouse | Indirect*
IgGl

CD8p Alexa Fluor 488 | PPT23 Mouse | Direct In-house conjugated
IgGl

CD8p PG164A | Mouse | Indirect* Kingfisher Biotech
IgG2a (Minnesota, USA)

CD8p Alexa Fluor 647 | PG164A | Mouse | Direct Kingfisher Biotech,
IgG2a in-house conjugation

*The corresponding secondary antibodies are listed in Table 3




Table 3: Secondary antibodies
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Target Isotype Fluorochrome Antibody host Producer
Species specificity species
Rat-anti IgG1 Brilliant Violet | Rat IgG monoclonal | BioLegend (San
mouse 421 Clone RMGI-1 Diego, USA)
Goat-anti IgGl Alexa Fluor Polyclonal goat Thermo Fisher
mouse 488 Scientific
(Waltham, USA)
Goat-anti IgG2a Alexa Fluor Polyclonal goat Jackson Immuno
mouse 647 Research
(Pennsylvania,
USA)
Goat-anti IgG2a PE-Cy7 Polyclonal goat Southern Biotech
mouse
Goat-anti IgG2b Alexa Fluor Polyclonal goat Jackson Immuno
mouse 488 Research
Goat-anti IgG2b Brilliant Violet Polyclonal goat Jackson Immuno
mouse 421 Research

The following dye was used to label the dead cells.

Table 4: Live/dead stain

Live/dead stain

Producer

Fixable Viability Dye eFluor780

Thermo Fisher Scientific

2.1.3

Devices and instruments

Table S: Devices, instruments and softwares used during the work

Product name

Company

Company headquarter

Heraeus megafuge 40R
universal centrifuge

Thermo Fisher Scientific

Waltham, USA

Sysmex XP-300 cell counter Sysmex Kobe, Japan
machine
CytoFLEX LX Flow Beckman Coulter Life Brea, USA
Cytometer Sciences

FlowlJo Software
version10.8.1

BD Biosciences

New Jersey, USA

GraphPad PRISM Software
version9.5.1

Dotmatics

Boston, USA
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2.1.4 Animals and cellular material

The samples of porcine blood for the isolation of lymphocytes needed for the experiments, were
obtained from six-to-seven-month-old healthy pigs from a slaughterhouse in Lower Austria.
Animals underwent electric high-voltage anaesthesia and subsequent exsanguination in
accordance with the Austrian Animal Welfare Slaughter Regulation. Whole blood was collected

in beakers with heparin solution to prevent clotting of blood.

2.2 Methods

2.2.1 Isolation of porcine Peripheral Blood Mononuclear Cells

The isolation of porcine peripheral blood mononuclear cells (PBMCs) was performed as
followed:

In the first step, the heparinized blood was diluted with phosphate buffered saline (PBS) in a
ratio of 1:1. Subsequently, 35 ml of the blood dilution was overlayed on 15 ml of lymphocyte
separation medium (LSM) in sterile 50 ml conical tubes. Centrifugation was performed at room
temperature (RT) for 30 minutes at 920 x g. This led to a typical separation consisting of a
plasma phase at the top, the required peripheral blood mononuclear cells (lymphocytes and
monocytes) in the middle, followed by the LSM (frequently referred to as Ficoll gradient) and
the erythrocytes (red blood cells) at the bottom (Figure 5).

plasma

/

!/ white

) . plasma
diluted spin s
e ™ I~ blood /E‘;gﬁ'ﬁ
cells
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red

Ficoll red
blood

[ e | 7 colls
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Figure 5: Isolation of PBMCs using density gradient centrifugation.

The figure shows the separation of blood after density gradient centrifugation into a plasma
phase, a leukocyte phase, the Ficoll gradient and a settled erythrocyte phase at the bottom.
From: mca04c-fig-0002-1-full.jpg (535%315) (wiley.com)



https://media.wiley.com/CurrentProtocols/MC/mca04c/mca04c-fig-0002-1-full.jpg
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The desired PBMCs could then be aspirated by using a 5 ml pipette and were transferred into
prepared tubes with ice-cooled PBS. The tubes were filled with cold PBS and centrifugated at
4 °C for 10 minutes at 470 x g. After removing the supernatant and resuspending the cells with
residual PBS, cells of the same animal were pooled into one tube. The tube was filled up with
PBS and centrifuged as described before. The supernatant was removed and after resuspending
the cells with residual PBS, the centrifugation step was repeated one more time with cold wash
medium. After this last step, cells were resuspended in cold culture medium and were ready for
cell count. Cell counting was performed by using a cell counter machine (Sysmex XP 300

Sysmex, Japan).

2.2.2 Cryo-preservation of porcine PBMCs

Cells were cryo-preserved in order to store them for later use. In a first step, the number of
required cryo-vials from total cell number had to be calculated. A single cryo-vial included cells
in a range from 3 x 107 up to 6 x 10’ PBMCs. After centrifugation (8 minutes at 470 x g and
4 °C), the supernatant was discarded, and the cells were resuspended in ice-cold freezing
medium. The cell suspension was then distributed in 1 ml aliquots into pre-cooled cryo-vials.
Subsequently, they were stored in a -80 °C freezer for short term storage. After 24-48 hours

cells were moved to a -150 °C freezer for long term storage.

2.2.3 Defrosting of porcine PBMCs

To thaw the required cells, they were taken out the freezer and directly placed in a water bath
heated up to 37 °C. After the cell suspension was melted, 1 ml of FCM buffer was added and
the whole suspension was transferred to a 15 ml conical centrifuge tube, containing
approximately 10 ml of pre-warmed FCM buffer. After centrifugation (8 minutes at 470 x g and
RT), the supernatant was discarded, and the cells were resuspended in 2 ml FCM buffer. For
the following cell counting, 100 pl of the cell suspension were removed and measured with the

Sysmex XP-300 cell counter machine as described above.

2.2.4 Flow cytometry
Flow cytometry (FCM) is an established method in the field of laboratory medicine. It is mainly
used to characterize cells according to their phenotypic properties. A cell suspension flows

through a thin measuring chamber and is irradiated with laser light. This creates so-called
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scattered light signals, which are measured together with the autofluorescence of the cells by
specific detectors (Figure 6). A computer converts the light signals into electrical signals and
displays them graphically. Subsequently, a statement can be made about the distribution and the
number of the different cell populations in the sample. Fluorescent reagents used in FCM
include fluorescent conjugated antibodies, DNA binding dyes, viability dyes or fluorescent
expression proteins. Fluorochrome-labeled antibodies that specifically bind to antigens of
interest can be used to detect surface or intracellular molecules. Each cell is examined for visible
light scattering and one or more fluorescence parameters. The scatter of visible light is measured
in two different directions. The forward direction (Forward scatter or FSC) provides an
indication of the relative size of the cell. The sideward direction (Sideward scatter or SSC)

indicates the internal complexity or granularity of the cell (Adan et al. 2017; McKinnon 2018).

Sample —1
Sheath

Laser

Scatter &
Fluorescence

Figure 6: The underlying working principle of a flow cytometer

The figure shows the typical elements of flow cytometric measurements. The cells move through the
flow cytometer in a buffered salt-based solution and are successively irradiated with lasers. The emitted
cell specific light signals are perceived by the responsible detectors.

From: Adan et al. 2017, p. 164
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2.2.4.1 FCM staining in microtiter-plates

Thawed PBMCs were resuspended in FCM buffer and prepared for the staining of the flow
cytometric analyses. The required cell count was between 1 x 10® and 2 x 10° cells per sample.
Depending on the concentration of the cell suspension, a calculated volume was added to 96
well round-bottom microtiter plates (one well per sample). After centrifugation (4 minutes at
470 x g and 4 °C), the supernatant was discarded. Then the primary antibodies were added and
after mixing, it was incubated in the fridge for 20 minutes. After this time, cells were washed
with 200 pl of FCM buffer to remove residual antibodies. The buffer was added, and the plate
was centrifugated with the same settings as before. Then the supernatant was removed, and the
cell pellet was resuspended. The washing step was always repeated two times after every
incubation. Subsequently, the secondary antibodies could be added. The incubation and
washing process was performed as described above. Before measuring the samples on the flow
cytometer, cells were resuspended with 250 ul of FCM buffer. The measurement was then
carried out in the microtiter plate itself or the cell solution was filled into FCM tubes. The
evaluation of the data was performed on the flow cytometer CytoFLEX LX (Beckman Coulter
USA) and the final analysis, as well as the graphical display, was accomplished with the help
of the software FlowJo (Becton Dickinson Biosciences, USA). At least 1 x 10° cells were
recorded per sample. The graphs for the presentation of the results were additionally created

with a statistic tool (GraphPad PRISM, Dotmatics, USA).

Due to high heterogeneity in data of individual animals no further statistics were performed.

This will be done after analysing more animals in follow-up experiments.



18

3 Results

After flow cytometric measurements, the samples had to be processed using FlowJo Software.
In the first step, lymphocytes were selected according to the sidewards and the forwards scatter
area (SSC-A and FSC-A). Subsequently, cells that stuck together, so-called cell doublets, were
excluded to avoid false results. In this case, the forward scatter height (FSC-H) was juxtaposed
to the FSC-A. Lastly, the dead lymphocytes were excluded from the living ones by gating on

viability dye negative cells. This gating procedure was used in all experiments (Figure 7).

FSC-H
FSC-A

~
7

FSC-A FSC-A viability dye

Figure 7: Gating strategy

The lymphocyte population was selected for experimental evaluation. Within the lymphocytes (FSC-
A/SSC-A), cell duplicates were sorted out (FSC-A/FSC-H). From the single lymphocytes, the dead
cells were excluded (viability dye negative).

3.1 CDS8a and CDS8p co-staining experiments

As part of the thesis, several experiments were performed to investigate the interactions
between different CD8a and CD8p binding mAb clones. The experiments were performed with
samples of at least four different animals. The following Figures (8-12) show how the resulting
CD8p-associated FCM signal changes depending on the time of addition of the respective CD8a
binding mAb clones.

First, the effects of a co-staining with the anti-CD8a 11/295/33 mAb clone on the anti-CD8[3
PPT23 mAb clone were evaluated (Figure 8). The aim was to examine the binding of the PPT23
clone by adding the 11/295/33 clone at different timepoints in the staining (colour-coded groups
in Figure) and to evaluate the resulting population size and signal strength caused by the CD8J3
binding PPT23 mAb clone. As co-staining, the pan T-cell marker CD3 was selected using the
anti-CD3 BB23-8E6 mAb clone and the secondary antibody anti-IgG2b-Alexa488. The first
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group analysed was the control group (w/o, red boxplots) and showed a staining with the PPT23
clone only, without CD8a. In the next group the 11/295/33 clone was simultaneously added
with the PPT23 clone (simultaneous, orange boxplots). The third group included the addition
of the 11/295/33 clone approximately 20 minutes before the addition of the PPT23 clone (alpha
before, green boxplots). This process was also measured the other way round, where the PPT23
clone was added at least 20 minutes before the 11/295/33 clone (alpha after, light blue boxplots).
In the last group, the 11/295/33 clone was added to the PPT23 clone with a delay of about only
five minutes (alpha delayed, dark blue boxplots). This system was also used in the following
experiments only with other mAb clones for the CD8a and the CD8P chain. Binding of the
PPT23 clone was measured using the secondary antibody anti-IgG1-Brilliant Violet 421. The
pseudo-colour plots in Figure 8A represent the lymphocytes of a single representative animal
and display CD8p on the x-axis and CD3 on the y-axis. The CD3"CD8pB" cell populations are
outlined by a rectangle gate. The boxplots show the frequencies of CD8B" lymphocytes (Figure
8B) and the median fluorescence intensity (MFI) of CD8B" cells (Figure 8C) of all animals
analysed. In addition, the samples of individual animals used in every experiment are
represented by different symbols (circle, square, triangle, diamond, asterisk). This form of data

presentation was also used in following experiments (Figures 9-12).

The median of the tested animals for the frequencies and MFI of CD88 within the different
groups is given as a comparative value. In contrast to the sample without the anti-CD8a mADb
(w/o, %: 15.3 / MFI: 50265), addition of the 11/295/33 clone caused a significant decrease in
the resulting PPT23 CD8p signal as the frequencies of CD8B" lymphocytes generally decreased
with simultaneous (%: 10.70 / MFI: 13978) and prior (%: 5.61 / MFI: 2531) addition of the
11/295/33 clone. The addition of the 11/295/33 clone to the PPT23 clone after 20 minutes
(%:14.10 / MFI: 28420) and the delayed addition after five minutes (%: 14 / MFI: 30607) both
resulted in similar percentages of CD8B" lymphocytes in comparison to the control group in
every animal tested. Regarding the MFI of CD8f the overall same phenomena could be
observed, although the MFI could not be completely restored in the “alpha after” and “alpha
delayed” group.
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Figure 8: The effects of the 11/295/33 clone on the PPT23 clone
The figure shows the effects of adding the anti-CD8a 11/295/33 mAb clone to the anti-CD8 PPT23 mAb

clone at different timepoints (colour-coded groups) in terms of the resulting CD8p signal strength. The
pseudo-colour plots represent the lymphocytes of a single representative animal (A). The experiment was
performed with samples from five different animals. In the boxplots the frequencies of CD8B"
lymphocytes (B) and the MFI of CD8p (C) are shown. Individual tested animals are represented by
different symbols (circle, square, triangle, diamond, asterisk). The middle line of each boxplot indicates
the median of the tested animals for every group.

In the second experiment, the influence of the anti-CD8a 76-2-11 mAb clone on the anti-CD8f
PPT23 mAb clone was investigated. The procedure was analogous to the first experiment and
the results were presented in the same way as described above. To detect CD8p chain binding,
the secondary antibody anti-IgG1, labelled with the fluorochrome Brilliant Violet 421 was used.
From the pseudo-colour plots we concluded that the CD8p signal did not visibly change by the
addition of the 76-2-11 mAb clone (Figure 9A). The frequencies of CD8B" lymphocytes were
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highest in the control group in every animal tested (w/o, %: 20.8 / MFI: 40410) but did not
obviously decrease by the different treatments with the 76-2-11 clone in all animals investigated
(%: 18.2-20.8) (Figure 9B). The same could be observed for the MFI signal of CD8B (MFI:
27204-40410) (Figure 9C). In this experiment, it seemed that it had no significant influence at
which time-point the 76-2-11 clone was added to the PPT23 clone.
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Figure 9: The effects of the 76-2-11 clone on the PPT23 clone
The figure shows the effects of adding the anti-CD8a 76-2-11 mAb clone to the anti-CD8 PPT23 mAb

clone at different timepoints (colour-coded groups) in terms of the resulting CD8p signal strength. The
pseudo-colour plots represent the lymphocytes of a single representative animal (A). The experiment
was performed with samples from five different animals. In the boxplots the frequencies of CD8B"
lymphocytes (B) and the MFI of CD8p (C) are shown. Individual tested animals are represented by
different symbols (circle, square, triangle, diamond, asterisk). The middle line of each boxplotindicates
the median of the tested animals for every group.



22

The third experiment involved the study of the interactions between the anti-CD8a 11/295/33
mADb clone, directly labelled with the fluorochrome Alexa-647 and the anti-CD8f3 PPT23 mAb
clone, directly labelled with the fluorochrome Alexa-488. This experiment was performed with
directly labelled mAbs to exclude possible influences of an indirect staining thus involving
secondary antibodies in binding capacities of the primary mAb clones. Like in the first
experiment (Figure 8), the pseudo-colour plots indicated a strong decrease of the CD8} signal
when adding the 11/295/33 clone simultaneous and 20 minutes before the PPT23 clone in
comparison to the control group. The box plots considering the frequencies of CD8B"

lymphocytes and the MFI of CD8f confirmed these phenomena and showed similar behaviour.
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Figure 10: The effects of the 11/295/33 clone on the PPT23 clone (directly labelled)
The figure shows the effects of adding the directly labelled anti-CD8a 11/295/33 mAb clone to the
directly labelled anti-CD8p PPT23 mAb clone at different timepoints (colour-coded groups) in terms
of the resulting CD8p signal strength. The pseudo-colour plots represent the lymphocytes of a single
representative animal (A). The experiment was performed with samples from five different animals. Ir
the boxplots the frequencies of CD8B" lymphocytes (B) and the MFI of CD8 (C) are shown. Individual
tested animals are represented by different symbols (circle, square, triangle, diamond, asterisk). The
middle line of each boxplot indicates the median of the tested animals for every group.



23

The control group had the highest average values in every animal tested (w/o, %: 13.2 / MFI:
17295) and the previous addition of the 11/295/33 clone led to the smallest values (%: 1.91 /
MEFT: 1823).Simultaneous addition of the 11/295/33 and the PPT23 clone resulted in the second
smallest values (%: 7.43 / MFI: 3954) considering the frequencies of CD8B" lymphocytes and
the MFI of CD8p. Although addition of the 11/295/33 clone after the PPT23 clone led to a
better CD8p signal, it was reduced compared to the staining without the anti-CD8a mAb.
However, whether the 11/295/33 clone was added 20 (%: 10.4 / MFI: 9564) or only five minutes
(%: 9.78 MFI: 12198) after the PPT23 clone, did not make an appreciable difference (Figure

10A-C).
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Figure 11: The effects of the 11/295/33 clone on the PG164A clone

The figure shows the effects of adding the anti-CD8a 11/295/33 mAb clone to the anti-CD8P PG164A
mAb clone at different timepoints (colour-coded groups) in terms of the resulting CD8p signal strength.
The pseudo-colour plots represent the lymphocytes of a single representative animal (A). The experiment
was performed with samples from five different animals. In the boxplots the frequencies of CD8B"
lymphocytes (B) and the MFI of CD8f (C) are shown. Individual tested animals are represented by
different symbols (circle, square, triangle, diamond, asterisk). The middle line of each boxplot indicates
the median of the tested animals for every group.
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In the fourth experiment, the interactions between the anti-CD8a 11/295/33 mAb clone, labelled
with Alexa-488 and another anti-CD8 mAb clone (PG164A), labelled with Alexa-647 were
investigated. Here we had to use directly labelled antibodies as both clones were of the same
isotype. In the pseudo-colour plots, a strong decrease in the CD8p signal could be seen at each
stage compared to the control group (w/o, %: 14.3 / MFI: 6974). The decrease was strongest
when the 11/295/33 and the PG164A clones were added at the same time (%: 0.39 / MFI: 840)
and when the 11/295/33 clone was added before the PG164A clone (%: 1.18 / MFI: 992).
Adding the 11/295/33 clone delayed by five minutes after the PG164A clone led to a greater
decrease in PG164A binding success (%: 1.84 / MFI: 915), than adding the 11/295/33 clone 20
minutes after the PG164A clone (%: 5.58 / MFI: 1168) (Figure 11A). The data displayed in the
box plots, displaying the frequencies of CD8B" lymphocytes follow that of the pseudo-colour
plots, in which, on average, the simultaneous addition of the 11/295/33 clone and the PG164A
clone as well as the previous addition of the 11/295/33 clone before the PG164A clone, showed
the smallest CD8B" percentage values. The addition of the 11/295/33 clone 20 minutes after the
PG164A clone led to higher CD8B" percentage values, than the delayed addition of the
11/295/33 clone only five minutes after adding the PG164A clone (Figure 11B). Regarding the
MFI box plots of CD8p, similar effects were observed. No significant differences could be

observed, and the values of every animal tested were almost identical (Figure 11C).

The fifth and final experiment of this type involved studying the interactions between the anti-
CD8a 76-2-11 mAbD clone, directly labelled with the fluorochrome PE and the anti-CD8f
PG164A mAD clone labelled with Alexa-647. In this setup again CD8 labelling had to be
performed direct, as both mAbs were of the same isotype. When looking at the pseudo-colour
plots, it was noticeable that there was no clear difference between the CD8B" population of the
control group and the CD8B" populations of the different groups. The pseudo-colour plots look
very similar and there was no significant decrease in the CD8p signal (Figure 12A). Regarding
the percentage of CD8B" lymphocytes (w/o %: 18), the behavior of the different animals tested
did not appear to be different. The animals all had very similar values in terms of CD8B"
lymphocyte frequencies (%: 16.5-18) (Figure 12B). In the box plots that display the MFI of
CD8p, interestingly it was noticeable, that the control group had on average lower values (w/o,
MEFT: 19128), than the group in which the 76-2-11 clone was added about 20 minutes before the
PG164A clone (MFI: 30286). The addition of the 76-2-11 clone before the PG164A clone, led
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to the highest MFI values in every animal tested, compared to all other groups (MFI: 19128-
30286) (Figure 12C). This phenomenon could not be observed from the pseudo-colour plots
and the box plots that display the frequencies of CD8B" lymphocytes.
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Figure 12: The effects of the 76-2-11 clone on the PG164A clone
The figure shows the effects of adding the anti-CD8a 76-2-11 mAb clone to the anti-CD8B PG164A mAb

clone at different timepoints (colour-coded groups) in terms of the resulting CDSp signal strength. The
pseudo-colour plots represent the lymphocytes of a single representative animal (A). The experiment was
performed with samples from five different animals. In the boxplots the frequencies of CD8B"
lymphocytes (B) and the MFI of CD8B (C) are shown. Individual tested animals are represented by
different symbols (circle, square, triangle, diamond, asterisk). The middle line of each boxplot indicates
the median of the tested animals for every group.
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3.2 CDS8a blocking experiments

As the effect on CDS8p binding only occurred when the CD8a mAb clone 11/295/33 was used
and not 76-2-11, we wanted to investigate whether the used CD8a-binding mAb clones (CD8a
11/295/33 and CD8a 76-2-11) bind to the same epitope. The interactions between the CD8a
clones themselves and among each other were examined in blocking assays. In each
experiment, the effects of 10-fold, equal (1.0-fold), 0.1-fold and 0.01-fold amounts of
previously added primary CD8a binding antibody on the other CD8a binding antibody were
tested. The results of the experiments carried out were summarized in the following graph and
are represented as groups according to the added amount of primary CD8a binding antibody
(Figure 13). The histogram overlay shows the resulting CD8a signal in relation to the maximum
CD8a percentage value. The control group is marked in red, and the groups are ordered by
decreasing amounts of previously added antibody. The box plots in the middle show the
resulting frequencies of CD8a" lymphocytes and the box plots on the right shows the values of
the resulting MFIs of CD8a. The median of the tested animals for the frequencies and MFI of

CD8a within the different groups is given as a comparative value.

First, the effect of the 11/295/33 clone blocking on itself was verified as positive control. For
binding detection, the antibody was labeled with a secondary Alexa-647 antibody. From each
figure, it could be seen that the obtained CD8a signal (w/0, %: 39.90 / MFI: 8614) became
stronger with decreasing amount of added primary unlabeled antibody (%: 30.75-41.65 / MFI:
2182-10111). Therefore, confirming that the 11/295/33 clone had a blocking effect on itself
(Figure 13A).

Subsequently, the relationship between the 295/33-25 and the 11/295/33 clone was investigated.
The first mentioned was reported to be a subclone of 11/295/33, thus should also lead to similar
results as described above. The 295/33-25 clone served as blocking antibody and the 11/295/33
clone, labeled with Alexa-647, was detected. It could be seen that the signal strength of CD8a
(w/o, %: 39.90 / MFI: 8614) overall increased with decreasing concentration of 295/33-25
antibody clone added (%: 32.30-42.8 / MFI: 2426-11168). Therefore, the 295/33-25 clone also
seemed to exert a blocking effect on the 11/295/33 clone (Figure 13B).
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Figure 13: The influence of the CD8a clones (11/295/33, 76-2-11 and 295/33-25) between themselves

and among each other

The figure shows the effects of different amounts of previously added CD8a antibody clones in the
context of blocking assays. The effects of 11/295/33 on itself (A), the interactions between 295/33-25
and 11/295/33 (B), the effects of 76-2-11 on itself (C) and the interactions between 76-2-11 and 11/295/33
(D). Experiments were performed with samples from at least four different animals. The histogram
overlay represents the lymphocytes of a single representative animal. The boxplots show the frequencies
of CD8a" lymphocytes and the MFI of CD8a. The values of the individual tested animals are represented
by different symbols (circle, square, triangle, diamond, asterisk). The middle line of each boxplot

indicates the median of the tested animals for every group.



28

Next, the impact of the 76-2-11 clone on itself was studied as part of the positive control. For
binding detection, the antibody was labeled with PE by the use of a secondary antibody. The
histogram overlay indicated a slight blocking effect of the 76-2-11 clone on itself. The overall
frequencies of CD8a" lymphocytes did not change much in every stage (%: 44.30-53.60),
compared to the control group (w/o, %: 48.20 / MFI: 31445) in each animal tested. However,
looking at the MFI of CD8a, the blocking effect was visible, and the overall signal became
stronger with decreasing amount of previously added 76-2-11 antibody (MFI: 9886-37372)
(Figure 13C).

Finally, the influence of the 76-2-11 clone on the 11/295/33 clone, labeled with Alexa-647 was
analyzed. It could be observed that the amount of the 76-2-11 clone used as blocking reagent
had no significant effect on the resulting CD8a signal strength measured by the 11/295/33 clone.
Therefore, the 76-2-11 clone did not show an explicit inhibiting activity on the 11/295/33 clone,
since the CD8a signal (w/o, %: 43.10 / MFI: 9285) did not change much with decreasing
concentration of 76-2-11 clone (%: 43.10-46.70 / MFI: 9092-10556) (Figure 13D). Regarding
the MFI of CD8a, in one of the animals tested (represented by the square), two outliers can be

seen in the last two groups.

3.3 CDS8p blocking experiments

This blocking experiments were also performed with the two different mAb clones for CD8f
(PPT23 and PG164A). The binding/blocking effects of the antibodies on themselves and on the
other clone for CD8f3 was examined as before in 10-fold, equal (1.0-fold), 0.1-fold and 0.001
fold amounts of previously added CD8B-binding antibody. The presentation of the results is
identical to the previous experiments, except that they are now CD8P associated FCM signals.
The median of the tested animals for the frequencies and MFI of CD8P within the different

groups is given as a comparative value.

The first test involved observing the effect of the PG164A clone on itself. For signal recognition,
the PG164A clone was labeled with Alexa-647. In the context of this positive control, it could
be seen, that the CDS8P signal strength did not really change unambiguously (w/o, %: 16.6 /
MEFTI: 3358). A possible blocking effect of PG164A on itself, could best be supposed in the box
plots regarding the MFI of CD8f. The MFI of CD8p increased slightly as the amount of
previously added PG164A antibody decreased (MFI: 2176-3358) (Figure 14A).
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Figure 14: The influence of the CD8p clones (PPT23 and PG164A) between themselves and among

each other
The figure shows the effects of different amounts of previously added CD8f antibody clones in the

context of blocking assays. The effects of PG164A on itself (A), the effects of PPT23 on itself (B) and
the interactions between PG164A and PPT23 (C). Experiments were performed with samples from five
different animals. The histogram overlays represent the lymphocytes of a single representative animal.
The boxplots show the frequencies of CD8B" lymphocytes and the MFI of CD8p.The values of the
individual tested animals are represented by different symbols (circle, square, triangle, diamond,
asterisk). The middle line of each boxplot indicates the median of the tested animals for every group.
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Subsequently, the interaction of the PPT23 clone on itself was investigated as second positive
control. For signal recognition, the PPT23 clone was labeled with Alexa-488. A blocking effect
(w/o, %: 18.2 / MFI: 14300) was best observed with respect to the MFI of CD8B (MFI:
7581-14300). The histogram overlay and the box plots regarding the frequencies of CD8B"
lymphocytes showed no obvious change in the values of the groups (%: 1.,6-18.2). A possible
blocking effect of the PPT23 clone on itself, can therefore only be derived from the MFI box
plots (Figure 14B).

Finally, the influence of the PG164A on the PPT23 clone was analyzed. For signal detection, a
secondary anti-IgG1 antibody, labelled with A-488 was used. In this experiment, a clear
blocking effect (w/0, %: 21.9 / MFI: 101735) of the PG164A clone on the PPT23 clone could
not be reported. The MFI values of the animals tested, interestingly were not equal as between
the different groups as expected (MFI: 79079-115624). The histogram overlay and the CD8"
lymphocyte frequencies indicated no inhibitory effect of the PG164A clone on the PPT23 clone.
The frequencies of CD8B" lymphocytes behaved very much the same in every group and did
not heavily change with the amount of previously added PG164A antibody (%: 20.4-22.2)
(Figure 14C).
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4 Discussion

4.1 Summary of results

Preliminary results indicate that distinct combinations of mAb clones for porcine CD8a and
CDS8p chains can cause troubles in multi-colour staining panels, possibly due to steric inhibition
of the mAbs binding to spatial closely located epitopes. This can lead to suboptimal detection
of CD8PB" cytolytic T cells. Therefore, aim of this project was the in-depth study of the usage

of different mAb clones and optimizing co-staining strategies.

To interpretate the test results, it is useful to summarize the most important findings. In the
context of this thesis, experiments were performed with different mAb clones for CD8a chain
detection (11/295/33, 76-2-11 and 295/33-25) and CD8p chain detection (PPT23 and PG164A).
The work involved investigating the interactions of the different antibody clones with each
other in FCM staining panels. For this purpose, CD8a and CD8p binding mAbs were added to
porcine PBMCs at different time-points. The influence of the addition of CD8a binding
antibodies on CD8P binding antibodies was then measured by the resulting CD8B FCM signal.
In case of interference of the different mAbs, it could be assumed, that certain CD8a mAb
clones can reduce the binding success of CD8P mAb clones, and therefore decrease the FCM

signal for CD8p.

It was found that the 11/295/33 CD8a clone generally had an inhibitory effect on the two CD8f3
clones PPT23 and PG164A. The strongest blocking effect occured with the pre-addition of the
11/295/33 clone approximately 20 minutes before the tested CD8p clones. The simultaneous
addition of 11/295/33 and PPT23 or PG164A likewise led to a noticeable loss of the
corresponding CD8 signal. Applying the 11/295/33 mAb clone after the CD8f clones seemed
to improve the CD8f binding process to some extent, at least for the PPT23 mAb clone. This
was seen for the detection of the frequencies of total CD8B" cells, although still a reducing
effect on the MFI of the CD8 signal was observed. However, whether 11/295/33 was added
20 minutes or just five minutes later does not appear to make any major difference in terms of
blocking the PPT23 clone. Regarding the PG164A clone, the addition of 11/295/33 delayed by
five minutes led to a higher blocking effect of 11/295/33 on PG164A, than the addition 20
minutes after PG164A. In contrast to this, blocking effects of the 76-2-11 clone on the two

investigated CD8P mAb clones could not be reported.
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As the observed blocking effect was only seen with one of the two anti-CD8a mAbs, we
assumed that the 11/295/33 and the 76-2-11 clones bind different epitopes. This was confirmed
as the two clones did not affect each other in their antigen binding and their corresponding FCM
signal when used in blocking experiments with each other. In contrast to this, the positive
control (blocking the distinct mAb clone with itself in different concentrations) showed
reduction of binding, that was especially seen in the MFI. The same occurs, when looking at
the interactions between the 295/33-25 and the 11/295/33 clone. We therefore assume, that the
two antibodies recognize the same epitopes. The same was performed for the CD8 mAb
clones. Regarding the 76-2-11 and the PG164A clone, the blocking effect on itself was lesser
than for the other clones, even at the 10x concentration. This might be related to a lower affinity

of the PG164A and the 76-2-11 mADb clones.

4.2 Interpretation and possible causes

4.2.1 Steric hindrance in FCM

For an antibody to bind targets like cells and pathogens, it must bind to a precisely defined
specific part of the antigen, the epitope. An antigen can consist of several different epitopes.
The part with which an antibody binds to its matching epitope is called paratope. Depending on
the molecular structure of the paratope, an antibody binds to exactly one specific epitope. The
binding of an antibody to an antigen is generally referred to as antigen-antibody reaction. This
reaction is reversible and represents a non-covalent interaction. The bonding is primarily based
on electrostatic interactions, hydrogen bonds, van der Waals forces and hydrophobic

interactions (Kapingidza et al.2020).

When multiple epitopes are in proximity, the binding of one antibody to a first epitope may
spatially hinder the binding of a second antibody to a second epitope. During binding, the
antibody occupies a lot of space and takes up a position, which might be unfavourable for other
antibodies. The position can block nearby epitopes (epitope masking), making it impossible for
the other antibodies to bind. This process is known as steric hindrance (SH) or steric inhibition
(Cowan and Underwood 1988). In the case of antigen-antibody reactions, this means that
antibodies that bind close to each other to their specific epitopes might interfere with each other.
Thus resulting in reduced binding of one of the antibodies, or even complete blocking of the

binding (Cowan and Underwood 1988; Matos 2021).
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The term steric hindrance, in the view of FCM, describes the phenomenon of reduction or
complete absence of detectable fluorescent signals. It is caused by interference with the binding
of one antibody to its respective target antigen or epitope by another antibody, when the two
reagents are used together. For that to happen, the antibodies must bind to the same molecule,
or macromolecular complex (e. g. CD8 homo- or heterodimer) and to spatially close epitopes

(Matos 2021; Shah et al. 2021).

Matos et al. reported problems in the context of a diagnostic procedure of chronic lymphocytic
leukemia. Steric hindrance was assumed to be the cause of the unexpected decrease in FCM
fluorescence signal. For required FCM staining the antibody mixture consisting of anti-kappa,
anti-lambda, anti-CD19 and anti-CD20 mAbs was used. It was considered that anti-CD19
mADbs might interfere with the binding of anti-kappa and anti-lambda mAbs by SH, because no
kappa and lambda chain expression was detected on the surface of B cells. It was concluded
that the cause of this effect must be due to the spatial proximity between the CD19 protein and

the transmembrane immunoglobulin of the B cell receptor (Matos 2021).

In our performed experiments, the observed blocking effect of 11/295/33 on the investigated
CD8p binding mAD clones, is also believed to be caused by the local proximity of the antigen
binding sites on the CD8a and CDS8p chains. As a result, we think that this was the main cause
for the CD8 signal loss in FCM. Binding of the 11/295/33 clone to its specific epitope on the
CD8a chain, probably obscures nearby epitopes on the CD8 chain and therefore make binding
for the PPT23 and the PG164A clone difficult. Regarding the 76-2-11 clone, no inhibitory effect
on both CD8B mAb clones could be reported. As the 76-2-11 clone probably binds to another
epitope on the CD8a chain (showed by blocking experiments), we assumed that it must be
located farther away from the investigated epitopes on the CD8f chain and the epitope for the
11/295/33 clone. This was also explored in a similar FCM blocking-based analyses in 1994 by
A. Saalmiiller et al. In the experiment, six different mAb clones for CD8 were used, including
11/295/33 and 76-2-11. Two different epitopes were detected, with 76-2-11 binding to epitope
CD8a and 11/295/33 binding to epitope CD8b — both on the CD8a chain. The exact location of
the two epitopes could not be determined (Saalmiiller et al. 1994). Although not leading to a
distinct identification of the epitopes recognized by the single mAb clones, these blocking

experiments are useful to get a first idea of the same epitopes are used and performed frequently



34

in FCM for this purpose (Stein et al. 1993; Mair et al. 2012). Under these conditions, the two
different epitopes for the PPT23 and the PG164A clone on the CD8f chain would have to be
located very close to each other, since blocking of the 11/295/33 clone on both CD8f binding

mAD clones was demonstrated.

The strength of a single binding interaction between antigen and antibody is described by the
affinity. High affinity is equivalent to a high binding strength. Antibodies with a higher affinity
to their epitopes are more difficult to prevent from binding, than those with a low affinity
(Kapingidza et al. 2020). Accordingly, a high affinity leads to a stronger and more stable
labelling in FCM. If the affinity is rather low, which we assume to be the case for the 76-2-11
and the PG164A clone, the bond is very unstable and is more easily be broken by several factors
within the staining process. This might include the unintentional removal of antibodies by the
washing process or the unsolicited displacement of an antibody by another due to a rather
unstable binding. These processes could be the cause for the observed results of the positive
control for the 76-2-11 and the PG164A clones. We assume that the described phenomena were
also the cause for the generally increased MFI values of CD8P when the clones 76-2-11 and
PG164A were added simultaneously in experiment 5 (Figure 12C).

4.2.2 Further investigations

To understand the exact mechanism of SH in the context of FCM, knowledge about the
distribution of the molecules on the observed cell surface and the exact localization of the
epitopes are very important requirements. Steric hindrance is often described as an asymmetric
phenomenon, meaning that a certain reagent can block the binding of another, but not vice versa
(Matos 2021).The underlying factors that eventually lead to blockade between antibodies are
not clear and often vary widely. For example, the molecular weight of the competing
fluorochromes (the combination of heavier molecules such as PE and PE-Cy5) was considered
to be the causative factor for the occurrence of SH in the previously described leukemia
diagnostic procedure (Matos 2021; De Vita et al. 2015). The same could account when using
indirect staining strategies (primary and secondary antibody). To rule out this possibility, the
experiment with the 11/295/33 and PPT23 mAb clones was repeated with directly stained

mAbs, leading to the same result and thus confirming that the blocking might be rather caused
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by SH. It is even possible that the degree of membrane protrusions (e. g. microvilli) on the cell

surface could contribute to preventing the binding of the reagent involved (Wang et al. 2014).

In this sense, other techniques could be helpful to uncover the mechanism responsible for the
occurrence of SH. Scanning electron microscopy can reveal the presence of artifacts on the
surface of cells that exhibit SH. In addition to this, atomic force microscopy can be helpful for
elucidating the molecular antigen-antibody mechanisms since the technique enables the
determination of the adhesion force between antigen and antibody as a parameter to be
measured (Matos 2021). In our approach, the final proof on distinct epitopes recognized by the
mADb clones would be helpful for data interpretation. To localize the observed epitopes and
obtain their specific amino acid sequence, immunological detection methods such as Enzyme
Linked Immunosorbent Assays by using peptides spanning the whole molecule of interest could
be valuable (Abbott et al. 2014). This approach will be the next step for the work on porcine
CD80a/p and is currently in progress. Obtained information will provide a better understanding
of the molecular structure (e.g., linear or conformational) and location of the epitopes and may

help to further understand the mechanisms involved in SH.

Several approaches were proposed to minimize the effects of steric hindrance, if possible. First,
any mAb combination used in the FCM process should be tested beforehand in comparison to
single staining panels. The problem of SH can be the use of too high concentrations of the
primary antibody. To determine the correct amount of antibodies to be used in the FCM process,
it is recommended to perform an antibody titration. Subsequently, the problem of SH could be
solved by using the correct dilution and long incubation times with the primary material.
However, unexpected antibody behavior may occur even when the staining procedure is part of
an already validated protocol (De Vita et al. 2015; Tangri et al. 2013; Shah et al. 2021). Or as

we propose: to use another mAb clone if available.

4.3 Conclusion

In conclusion, the anti-CD8a 11/295/33 mAb clone and the anti-CD8a 295/33-25 mAb clone
should not be used simultaneously with the anti-CD8B PPT23 mAb clone or the anti-CDS§f3
PG164A mAD clone in an FCM staining panel. The 11/295/33 and the 295/33-25 clones are
assumed to be subclones and therefore bind to the same epitope. The simultaneous use of these

CD8a binding mAb clones, together with the observed mAb clones for CD8p, led to a reduction
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of the detectable FCM signal for CD8f and thus to easily misinterpretable results as the
detection of cytolytic T cells is affected. We assume that the binding of the 11/295/33 or the
295/33-25 clone to the CD8a chain complicates the binding of the PPT23 and the PG164A
clone by a form of steric hindrance. Regarding the anti-CD8a 76-2-11 mAb clone, no blocking
effect on the CD8P binding mAb clones could be reported. Therefore, it can be assumed that
the 76-2-11 clone binds to a different spatially more distant epitope. Making the mAb
combination 76-2-11 for detection of CD8a the preferable choice when planning multi-colour
staining panels including both markers. This can be applied for future studies addressing CTLs
(defined by the CD8P phenotype) in combination with lymphocyte subsets expressing the
CD8ao homodimers (like NK cells, yd T cells, or CD4" antigen-experienced T cells).
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S Summary

The CD8 molecule is a cell surface receptor and well described as co-receptor on T cells binding
directly to the major histocompatibility complex class I on antigen presenting cells. CD8
antigens are comprised of two distinct polypeptide chains, the o and the B chain. In the pig, the
CDS receptor is expressed by several lymphocyte subsets, including Natural Killer cells, vy T
cells and antigen experienced CD4" off T cells. On these cell populations CDS is expressed as
ao. homodimer. Porcine cytolytic T cells on the other hand exclusively express CD8 off
heterodimers. Several monoclonal antibodies (mAbs) for either of the two chains are available
and are frequently used in flow cytometry. Previous results indicate that distinct combinations
of mAb clones for CD8a and CD8 chains can cause troubles in multi-colour staining panels,
possibly due to steric inhibition of the antibodies binding to spacial closely located epitopes.
Therefore, aim of this project was the in-depth study of the usage of different CD8-specific
mADb clones and optimizing co-staining strategies. For the experiments, peripheral blood
mononuclear cells were isolated by gradient centrifugation from blood of healthy pigs obtained
from a conventional slaughterhouse in Lower Austria. For flow cytometric analysis mAb clones
11/295/33 and 76-2-11 were used for the detection of CD8a and clones PPT23 and PG164A for
the detection of CDS8P. The results indicate that the CD8a clone 11/295/33 should not be used
together with either of the two CDS8p clones. It can be assumed, that the antibodies bind to
spatially close epitopes on the CD8a and the CD8p chains. As a result, steric hindrance occurs,
leading to a highly reduced ability of CD8PB mAbs in binding their specific epitopes and loss in
signal in flow cytometry. In case of the CD8a mAb clone 76-2-11, no inhibition of CD8f
binding was observed. Therefore, we assumed that CD8a mAb clones 11/295/33 and 76-2-11
bind to different epitopes on the CD8a chain, that are distant from each other. This was
confirmed in blocking experiments using both CD8a-specific mAb clones in combination
where no effects on the staining intensities were observed. The obtained data will help in future
panel designs for multi-colour flow cytometry in the pig and therefore improving studies of

porcine immune cells.
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6 Zusammenfassung

Das CD8-Molekiil ist ein Zelloberflachenrezeptor und in der Literatur als Korezeptor auf T
Zellen beschrieben, der direkt an den Haupthistokompatibilititskomplex Klasse 1 auf
antigenprasentierenden Zellen bindet. Fiir das CD8 Protein ist eine o- und eine B-Kette
beschrieben. Beim Schwein wird der CD8-Rezeptor von mehreren Lymphozyten Populationen
exprimiert, darunter Natiirliche Killerzellen, yd T-Zellen und Effektor/Gedéchtnis CD4" aff T
Zellen. Auf diesen Zellpopulationen wird CDS als aa-Homodimer exprimiert. Zytolytische T
Zellen vom Schwein hingegen exprimieren ausschlieBlich CD8 af-Heterodimere. Mehrere
monoklonale Antikorper fiir beide Ketten sind verfiigbar und werden haufig in der
Durchflusszytometrie verwendet. Friihere Ergebnisse deuten darauf hin, dass unterschiedliche
Kombinationen von Antikdrperklonen fiir CD8a- und CDS8B-Ketten zu Problemen bei
mehrfarbigen Panels bei der Markierung von Zellen fiihren kénnen. Dies ist moglicherweise
auf eine sterische Hemmung bei der Bindung der Antikérper an raumlich nahe gelegene Epitope
zuriickzufiihren. Ziel dieses Projekts war daher die eingehende Untersuchung der Verwendung
verschiedener CD8-spezifischer monoklonaler Antikorperklone in Kombination und die
Optimierung von Farbungsstrategien fiir die Durchflusszytometrie. Fiir die Experimente
wurden periphere mononukledre Blutzellen durch Gradientenzentrifugation aus dem Blut von
gesunden Schweinen isoliert, die aus einem konventionellen Schlachthof in Niederdsterreich
stammten. Fiir die durchflusszytometrischen Analysen wurden die monoklonalen
Antikorperklone 11/295/33 und 76 2-11 fiir den Nachweis von CD8a und die Klone PPT23 und
PG164A fiir den Nachweis von CD8p verwendet. Die Ergebnisse zeigten, dass der CD8a-Klon
11/295/33 nicht zusammen mit einem der beiden CD8B-Klone verwendet werden sollte. Es
kann davon ausgegangen werden, dass die Antikorper an rdumlich nahe beieinander liegende
Epitope auf den CD8a- und CD8B-Ketten binden. Infolgedessen kommt es zu einer sterischen
Behinderung, was zu einer stark reduzierten Fihigkeit der CD8B-bindenden monoklonalen
Antikorper fiihrt, ihre spezifischen Epitope zu binden. Dementsprechend kam es zu einem
Signalverlust in der Durchflusszytometrie und einer suboptimalen Detektion der zytolytischen
T-Zellen. Im Falle des CD8a Klons 76-2-11 wurde keine Hemmung der CD8B-Bindung
beobachtet. Daher nahmen wir an, dass die CDS8a-Klone 11/295/33 und 76-2-11 an
unterschiedliche Epitope auf der CD8a Kette binden. Dies wurde in Blockierungsexperimenten

bestdtigt, bei denen beide CD8a-spezifischen monoklonale Antikdrperklone in Kombination



39

verwendet wurden - ohne Auswirkungen auf die Markierung. Die gewonnenen Daten werden
bei der Gestaltung kiinftiger Panels fiir die Mehrfarben-Durchflusszytometrie beim Schwein

hilfreich sein und somit die Untersuchung von Immunzellen beim Schwein verbessern.
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