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DEVELOPMENT AND PHENOTYPE OF NKTrn CELLS AND THEIR
RELATION TO NKT10 CELLS

Basak Gunduz, Dokuz Eylul University Izmir International Biomedicine and

Genome Institute, basak.gunduz@mesfr.ibg.edu.tr

ABSTRACT

Invariant natural killer T (iNKT) cells are a unique T cell subset that resemble
Natural Killer and memory T cells. After TCR-mediated stimulation by the antigen
aGalCer, INKT cells rapidly produce copious amounts of various cytokines. Three to
six days later, Bcl6-expressing NKTen cells arise and are detectable for about two
weeks in vivo. In contrast, IL-10 producing NKT10 cells expand within two and three
weeks following the aGalCer challenge and are detectable for several months in vivo.
However, little is known to date about the development and phenotype of NKTru cells
and their relation to NKT10 cells. To better characterize NKTrn cells, we studied the in
vivo distribution of NKTrH cells in different murine organs and how this is influenced by
the route of the antigen administration. To this end, we injected aGalCer either intra-
peritoneal or intra-venous and measured the frequency and phenotype of NKTrH cells
in different organs by flow cytometer. Moreover, we studied the relationship of NKTrH
and NKT10 cells by analysing the development of NKT10 cells in the absence of NKTrn
cells in Bcl6”- mice. Our data show, that the route of antigen challenge impacts the
frequency and the phenotype of INKT and NKTrn cells in vivo in different organs.
Furthermore, the expansion of NKT10 cells was unimpaired in the absence of Bcl6,
indicating that NKT10 cell expansion does not depend on NKTrH cells. These findings
provide important information to better understand the development of NKTrn cells and
their relationship with NKT10 cells.

Keywords: iNKT cell subsets, NKTrn cells, NKT10 cells, development



NKTFH HUCRELERININ GELi_$iI_VIi, I_=E_NOTiPi VE NKT10 HUCRELERI iLE
ILISKISI
Basak Giindiiz, Dokuz Eyliil Universitesi, izmir Uluslararasi Biyotip ve Genom

Enstitisu, basak.gunduz@msfr.ibg.edu.tr

OZET

Dogala yakin oldurtca T hucreleri (INKT), dogal oldurtct hucrelere (NK) ve
hafiza T hicrelerine benzerlik gésteren 6zgun bir T hlcre alt tipidir. aGalCer ile TCR-
aracili uyarim sonrasinda iNKT hucreleri, cesitli sitokinleri ylksek miktarda hizlica
dretir. In vivo uyarimdan ug-alti glin sonra, Bcl6 genini ifade eden NKTru hicreleri
ortaya c¢ikar ve yaklasik iki hafta boyunca tespit edilebilir. IL-10 Uretebilen NKT10
hicreleri, aGalCer uygulamasi sonrasinda, zit bir sekilde iki-U¢ hafta stiresince ¢ogalir
ve birkac ay boyunca tespit edilebilir. Ancak, bugtine kadar NKTrn hicrelerinin gelisimi,
fenotipi ve NKT10 hucreleriyle iligkisi hakkinda c¢ok az sey bilinmektedir. NKTrn
hicrelerinin daha iyi karakterize edilmesi icin, NKTrn hUcrelerinin farelerde farkh
organlardaki dagilimi ve antijen uygulamasi yolundan nasil etkilendigini arastirdik. Bu
amac¢ dogrultusunda, intraperitonal ve intraven6z yollardan aGalCer enjeksiyonu
gergeklestirildi ve NKTrn hiicrelerinin frekansi ve fenotipini akis sitometrisi ile dlguldu.
Ayrica, Bcl6 - farelerde NKTrn hiicrelerinin yoklugunda NKT10 hicrelerinin geligimini
analiz ederek NKTrn hicreleri ile NKT10 hucreleri arasindaki iliski ¢aligildi. Elde
ettigimiz veriler, antijen uygulama vyolunun farkli organlarda INKT ve NKTFH
hdcrelerinin fenotipini ve frekansini etkiledigini gosterdi. Buna ek olarak, NKT10
hacrelerinin gogalmasinin Bcl6 yoklugunda zarar gormedigini ve NKT10 hucrelerinin
cogalmasinin NKTrn hlcrelerine bagimli olmadigini gézlemledik. Bu bulgular NKTrH
hicrelerinin gelisimi ve NKT10 hcreleri ile iligkisini daha iyi anlamak agisindan énemli

bilgiler sagladi.

Anahtar S6zcukler: iINKT huicre gruplari, NKTru hiicreleri, NKT10 hcreleri,

gelisim



1. INTRODUCTION AND OBJECTIVES

Invariant Natural Killer T (iNKT) cells are a unique subset of T cells. They rapidly
produce a wide range of functionally different cytokines and chemokines after
stimulation, thus they can influence various different immune reactions. iINKT cells
recognize glycolipids, whereas conventional T cells respond to peptide antigens.
Similar to CD4* T helper cells, mouse iNKT cells can be divided into several distinct
subsets. These functional iINKT cell subsets have been proposed as an explanation for
their diverse immune functions. Therefore, it is critical and important to expand our
knowledge of INKT cell subsets to prevent unpredictable reactions during the treatment
of diseases. One INKT cell subset, follicular helper NKT (NKTrn) cells, arise in vivo
within three - six days after injection with aGalCer. NKTrn cells are able to provide
cognate help to stimulated B cells, support their proliferation, and thereby enhance
antibody responses. Therefore, it is important to improve our knowledge of the
development, characterization, and distribution of NKTru cells in vivo, to better

understand their role in orchestrating B cells responses.
Two major aims were addressed in this project:

1) Toimprove the characterization of NKTru cells: Six days after aGalCer injection,

we analysed their expression of surface markers, transcription factors, and
cytokines. We also studied the in vivo distribution of NKTrn cells in different
murine organs and how this is influenced by the route of the antigen
administration, i.e. either intraperitoneal or intra-venous injection. We
hypothesized that the in vivo distribution of NKTrH cells is impacted by the route
of the antigen administration.

2) To study the relationship of NKTey and NKT10 cells: Following aGalCer injection

two changes can be observed: i) NKTr+ cells arise in vivo within three to six days
and are undetectable after two to four weeks, and ii) the number of IL-10-
producing NKT10 cells increases within two to four weeks. However, the
relationship of NKTry and NKT10 cells is unclear to date. Therefore, we
compared the phenotype of NKTrn and NKT10 cells and measured their in vivo
kinetics over time side-by-side. Furthermore, by utilizing T cell specific Bcl6-

deficient mice, we tested whether NKT10 cells can develop in the absence of



NKTen cells. We hypothesized that NKTrn and NKT10 cells are two independent
INKT cell subsets.

2. LITERATURE SUMMARY

2.1. The Immune System

The immune system is an enormous network of many types of immune cells,
organs, and proteins that is spread throughout the whole body in order to protect the
body against foreign and harmful substances, such as bacteria, viruses, or parasites,
and against damage to the tissue. When the body encounters pathogenic substances,
the immune system mounts a biological response to protect the body, called an
immune response. The immune response is usually accompanied by an inflammation,
characterized by five classical signs: redness (rubor), swelling (tumor), heat (calor),
pain (dolor), and loss of function (functio laesa) of the tissues. These processes aim to

eliminate harmful substances and to initiate the healing of the tissue.

The immune system is commonly divided into the innate and adaptive immune
system. The innate immune system is able to immediately respond following an
exposure to a pathogenic substance. In contrast, the adaptive immune system requires
an initial maturation phase, leading to a delayed response. These two immune systems

together provide a highly coordinated immune responses against e.g. microbes.

2.2. The Innate Immune System

The innate immune system is the first line of defence that provides a general
antigen-independent defence mechanism, characterized by immediate inflammatory
responses following infections (Kimbrell et al., 2001). The innate immune system is
always ready to combat a wide variety of different pathogens (Alberts et al., 2002). The
effector cells of the innate immune system are monocytes/macrophages, Natural Killer
(NK) cells, dendritic cells (DCs), granulocytes (neutrophils, basophils, eosinophils, and
mast cells), and innate lymphoid cells (ILCs) (Yatim & Lakkis, 2015). The cells of the

innate immune system have limited diversity in their receptors for the recognition of



antigens (Lach, 2005). These receptors recognize common, highly conserved
structures of many pathogens (Brubaker et al., 2015). Additionally, most of these cells
are not able to generate immunological memory, which means the capability of the
cells to respond stronger and faster upon secondary exposure to the particular
pathogen (Janeway et al., 2001). Some cells of the innate immune system, such as
macrophages and neutrophils, destroy pathogens followed by intracellular killing.
However, the prime cytotoxic cells of the innate immune system are NK cells. They
play important roles in the early immune defence against tumours (Chan & Housseau,
2008) and against cells infected with viruses and intracellular bacteria (Arnon et al.,
2006). NK cells have different mechanisms to trigger the target cell’'s death: i) granule
mediated mechanisms (Sagiv et al., 2013), ii) receptor mediated mechanisms, and iii)
antibody-dependent cellular cytotoxicity (Yoon et al., 2015). In the granule mediated
mechanism activated NK cells release the content of their cytotoxic vesicles onto the
target cells. In particular, the pore-forming molecules perforin and the enzyme
granzyme B, which can trigger programmed cell death ones in the cytoplasma, are
required for the cytotoxicity (Lord et al., 2003). For the receptor mediated process, NK
cells trigger death receptors, such as CD95/Fas or TRAIL, expressed on the target
cells that initiate the programmed cell death of the target cells (Wallach et al., 1999).
In the antibody-dependent cellular cytotoxicity, NK cells bind via their surface Fc
receptors antigen-bound antibodies, which leads to the elimination of the antibody-
coated target cells via cytotoxic vesicles (Arnon et al., 2006). These Fc-receptors are
an example of activating receptors expressed on NK cells (Arnon et al., 2006). They
also express inhibitory receptors that impair the signalling of the activating receptors
(Arnon et al., 2006). Therefore, the activation of NK cell-mediated cytotoxicity depends
on the balance between the inhibitory and activating receptors (Arnon et al., 2006).
Once NK cells are activated, they also secrete cytokines to orchestrate other immune

response.

2.3. The Adaptive Immune System

The innate immune system is the first lines of defence against pathogens. It is

always ready to attack and ensures a general antigen-independent mechanism. In



contrast, the adaptive immunity system is the second line of defence, as it takes
several days from the encounter of the antigen to the peak of the response (Yatim &
Lakkis, 2015). The adaptive immune cells are T and B cells. Most of the T and B cells
that circulate the body are not functionally active until they recognize their antigen and
are, therefore, called naive cells (Cano & Lopera, 2013). After the activation by a
particular antigen, naive T and B cells undergo further differentiation and become
effector lymphocytes (Crotty, 2015). Effector T and B cells are responsible for the cell-
mediated and the humoral immune response, respectively. The cell-mediated
immunity has an essential role against intracellular bacteria, microbes, and viruses. T
cells support the elimination of pathogens either by the killing of infected cells or by
orchestrating the immune response via cytokines and surface molecules. The humoral
immunity is mediated by antibodies, which are the soluble form of the BCR, secreted
by activated B cells. The humoral immune response plays an important role against
extracellular microbes and toxins. Antibodies can directly bind to their particular
antigen, which might for example be found on a pathogen or toxin. Thereby, antibodies
can either neutralize the pathogen/toxin, by inhibiting its functions, or can mark the

pathogen for its elimination by other parts of the immune system.

The antigen receptor on T cells is called T cell receptor (TCR). T cells are able to
express two different kind of TCR. a3 T cells bear TCRs formed from one a and one 3
chain, whereas yd T cells bear TCRs that contain one & and y chain each. The antigen
receptor on B cells is called B cell receptor (BCR). Due to the highly diverse receptor
repertoire of T and B cells, the adaptive immune system is able to provide defence
against a wider range of antigens than the innate immune system (Vivier & Malissen,
2005). The receptors of the innate immune system are encoded by germline genes. In
contrast, the receptors of the adaptive immune system are assembled from different
gene segments during lymphocyte development. This and other supporting processes
allow the generation of billions of distinct TCRs and BCRs, meaning that almost every
T and B cell in the body expresses a receptor unigue to this cell. Furthermore, and in
contrast to the innate immune response, adaptive immune cells are able to form
immunological memory, which means that a secondary response against the same

antigen is faster and more effective in magnitude and quality (Janeway et al., 2001).



2.3.1. B Cells

B lymphocytes are produced in the bone marrow and finalize their differentiation
in the spleen (Pieper et al., 2013). Following antigen stimulation, activated B cells
proliferate and differentiate into follicular B cells that migrate among secondary
lymphoid organs (Natkunam, 2007). This is followed by the generation of specialized,
temporary structures in the follicles of the spleen, named germinal centres (GCs) (Allen
et al., 2007). In the germinal centres, GC B cells, which are characterized by the
surface markers GL7Mdh CD95"9" and CD38"°" in mice (Allen et al., 2007), expand
numerically and undergo somatic hypermutation (McHeyzer-Williams, 2005). Somatic
hypermutation is a mechanism that allows B cells to produce antibodies of higher
affinity against their particular antigen (Alberts et al., 2002). Some of the GC B cells
eventually differentiate either into short-lived plasma cells that secrete antibodies or
into long-lived memory B cells that are the basis of the B cell memory. Plasma B cells
and memory B cells leave the GCs as high-affinity cells (Cano et al., 2013).

2.3.2. T Cells

T cell precursors are produced in the bone marrow and migrate to the thymus for
their maturation (Cano, 2013). Almost all of ap T cells express either the CD4 or CD8

co-receptors and are, therefore, referred to as CD4*or CD8* T cells.

CD8" T cells play important roles in tumour surveillance and in the fight against
intracellular pathogens (Zhang & Bevan, 2011). Cells infected with an intracellular
pathogen will present some of the pathogen-derived antigens on the surface, which
can then be recognized by antigen-specific CD8* T cells (Zhang & Bevan, 2011). This
antigen recognition by CD8* T cells leads to a cytotoxic destruction of the host cells
(Vivier & Malissen, 2005). CD8* T cells have three major kiling mechanisms to kill
infected or tumour cells (Chan & Housseau, 2008). The first mechanism is the release
of cytokines such as TNF and IFNy, which have anti-tumour and anti-viral effects
(Janeway, 2001). The second mechanism is mediated by perforin and granzymes,
stored in cytotoxic granules (Chowdhury & Lieberman, 2008). Perforin is a protein that

makes pores in the membrane of the target cells, allowing the entry of granzymes into



the cell (Cullen & Martin, 2007). Granzymes are proteases that initiate a self-
destructive process in the cell, called programmed cell death or apoptosis (Cullen &
Martin, 2007). In the third killing mechanism the apoptosis of the target cell is not
initiated via perforin/granzymes, but via surface receptors (Wallach et al., 1999).
Activated CD8* T cells express CD178/FasL, which is the ligand for the death receptor
CD95/Fas, found particularly on the surface of infected or stressed cells (Wallach et
al., 1999). Following CD95/CD178 interaction, signalling molecules down-stream of
CD95 can induce apoptosis in the target cell (Wallach et al., 1999). These cytotoxic
mechanisms are common between adaptive CD8" T cells and innate NK cells (Chan
& Housseau, 2008).

The main function of activated CD4* T cells is to secrete particular cytokines to
help the proliferation and activation of other effector immune cells and to orchestrate
the immune response (Luckheeram et al., 2011). Thus, CD4* T cells are also called
helper T cells. There are several distinct subsets of CD4* helper T cells, which are
characterized by the particular cytokines they produce and a unique master

transcription factor that regulates these functions (Luckheeram et al., 2011).

A distinct subset of CD4* helper T cells is called follicular helper T (Trn) cells.
They are characterized by the expression of the transcription factor Bclé (B cell
lymphoma 6) (Wali et al., 2016). Among others, Bcl6 also initiate the expression of the
chemokine receptor CD185/CXCRS5 that can bind the chemokine CXCL13 and is
required to allow TrH cells to enter the GCs (Haynes et al., 2007). Thus, Trx cells are
characterized by the expression of Bcl6 and CD185 (Crotty, 2011). Following antigen
stimulation, TrH cells can stimulate the proliferation and further differentiation of GC B
cells as illustrated in figure 1 (Haynes et al., 2007). Additionally, Trx cells can produce
the cytokine IL-21 and express the surface markers CD279 (also known as
programmed cell death-1, PD-1) and CD278 (also known as inducible T-cell co-
stimulatory, ICOS) (Wali et al., 2016).
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Figure 1: Following immune activation, the expression of Bcl6 in naive T cells results in the
differentiation of Trn cells. Bcl6 expression in CD4* T cells induces the expression of the
chemokine receptor CD185/CXCRS5, which allows the T cells to enter the B cell zones (follicle) and
to interact with B cells. After the stimulation of the B cells by Tr+ cells, the B cells start to proliferate
and to maintain the GCs. These GC B cells also express Bcl6 and CD185/CXCRS5.

2.4. Antigen Presenting Cells as The Link Between the Innate Immune

System and The Adaptive Immune System

A specialized group of immune cells are able to stimulate T cells to mount an
adaptive immune response against a particular antigen (Hughes et al., 2016). These
cells are named antigen presenting cells (APCs). The main APCs are DCs and
macrophages from the innate immune system, and B cells from the adaptive immune
system. APCs capture pathogens, microbial products, and antigens (Hughes et al.,
2016). They are able to degrade and process the proteins from the captured pathogens
or pathogen-infected cells and break them apart into smaller peptides (Hughes et al.,
2016). These protein fragments can then be presented on the surface of the APCs for
the interaction with T cells by molecules known as major histocompatibility complex
(MHC) (Roberts & Girardi, 2008). Indeed, conventional T cells are able to recognize
only peptides in the context of MHC molecules (Tjadine et al., 2004). There are two

main classes of MHC molecules: MHC class | molecules and MHC class Il molecules



(Janeway, 2011). MHC class | molecules are found on all nucleated cells and display
peptides derived from proteins found in the cytoplasm to CD8* T cells. MHC class Il
molecules are found mainly on APCs and present peptides derived from proteins that
were taken up by the APCs and which are presented to CD4* T cells (Janeway, 2011).
The CD8 molecules expressed by CD8* T cells can bind MHC class | molecules and
acts as co-receptor, whereas CD4 on helper CD4* T cells acts as co-receptor for the
interaction with MHC class Il molecules (Cano, 2013). Activated APCs can also secrete
cytokines to influence the adaptive and the innate immune responses (Janeway,
2011). By presenting antigens to T cells and by releasing cytokines, innate APCs (DCs,
macrophages) can form a bridge between the innate and the adaptive immune system
(Janeway, 2011).

2.5. Innate-Like T Cells

Besides the immune cells mentioned above, additional immune cells exist that
share features with both of innate and adaptive immune cells (Walker et al., 2013).
These cells are also called innate-like lymphocytes (Walker et al., 2013). Like the
adaptive immune cells, innate-like lymphocytes express a BCR or TCR (Lanier, 2013).
However, their rapid response following activation, e.g. the production of cytokines, is
more reminiscent of innate immune cells (Walker et al., 2013). The TCR of these
innate-like lymphocytes, also called innate-like T cells, recognize MHC class | like
molecules distinct than the one recognized by conventional CD4* and CD8* T cells
(Lanier, 2013). The first and best studied innate-like T cell are invariant Natural Killer
T (iINKT) cells that received their name due to their similarities with NK and T cells
(Brennan et al., 2013; Bendelac et al., 2007).

2.6. Invariant Natural Killer T Cells

Invariant natural killer T (iNKT, type | NKT) cells are a distinct subset of innate-
like T cells that share features with a memory T cells and NK cells (Bendelac et al.,
2007). INKT cells are characterized by three main features: (i) the expression of an
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invariant TCR a-chain, (i) the recognition of the CD1d molecule, and (iii) the

recognition of glycolipid antigens (Bendelac et al., 2007).

2.6.1. The Expression of a Semi-Invariant TCR

Unlike the majority of a3 T cells, INKT cells express ap TCRs with an invariant a-
chain which pairs with a limited number of TCR B-chains (Park et al., 2001). As strictly
speaking only the a-chain is invariant, their TCR is sometimes also referred to as ‘semi-
invariant’ (Rossjohn et al., 2012). In mice, the a-chain is composed of Va14—-Ja18
(Val4i, Travl1l-Trajl8) and pairs mostly with VB38.2 (Trbv13-2), VB2 (Trbvl), or VB7
(Trbv29) (Rossjohn et al., 2012). In humans, the invariant TCR a-chain consists of
Va24-Ja18 (Va24i, Travl0-Trajl8) and pairs mostly with VB11 (Trbv25-1) (Porcelli,
1993; Rossjohn et al., 2012). The high sequence similarity of the a-chains of human
and mouse INKT cells indicates that INKT cells are evolutionarily highly conserved
(Godfrey et al., 2005). Besides the structural similarities between human and mouse
INKT cell TCRs, it has been shown that there is a significant cross-species reactivity
(Kjer-Nielsen et al., 2006). This means, that mouse iNKT cells are able to recognize
antigens bound to human CD1d, and that human iNKT cells can interact with mouse
CD1d (Kjer-Nielsen et al., 2006). This remarkable cross-species reactivity of INKT cells
with CD1d molecule highlights that the immune specificity and function of iINKT cells

are evolutionary conserved between the human and mice (Kjer-Nielsen et al., 2006).

2.6.2. The Recognition of CD1d Molecules

In contrast to the classical aff T cells that are restricted by MHC class | or Il
molecule, INKT cells are restricted by the CD1d molecule (Bendelac et al., 2007). The
structure of CD1d molecule resembles MHC class | molecules. Like MHC class |
molecules, CD1d molecules have a cleft between the ends of the two a-helices that
form a cavity to bind the antigens (Porcelli & Modlin, 1999). However, unlike the peptide
binding cavity of MHC class | molecules, the CD1d molecules have a much deeper
cavity, which allows them to bind hydrophobic ligands, such as lipids, glycosphin-
golipid, and glycolipids (Porcelli & Modlin, 1999). The semi-invariant TCR of iNKT cells
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interacts with the CD1d/glycolipid antigen complex like a lock and a key (Porcelli &
Modlin, 1999).

2.6.3. The Antigens of iINKT Cells

Classical ap T cells react against peptide antigen, whereas iNKT cells recognize
glycolipids (Kawano et al.,, 1997). The best studied INKT cell antigen is a-
galactosylceramide (aGalCer) (Figure 2), the synthetic version of an antigen
originally purified from the marine sponge Agelas mauritianus (Kobayashi et al.,
1995). However, it is more likely that the antigen was derived from Sphingomonas
bacteria that were living with the marine sponge (Kinjo et al., 2005). aGalCer binds
strongly to CD1d and activates iNKT cells in mice (Benlagha et al., 2000; Matsuda et
al., 2000) and humans (Gumperz et al., 2002; Lee et al., 2002). Due to its great anti-
tumour effects in mice, aGalCer caught the attention of scientists from the very
beginning (Morita et al.,, 1995). To detect INKT cells by flow cytometry, mouse
CD1ld/aGalCer-tetramers were generated (Matsuda et al., 2000; Benlagha et al.,

2000), which are the best experimental tool to identify INKT cells.
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Figure 2. The chemical structure of aGalCer. The figure shows the synthetic lipid structure of
aGalCer (Cohen et al., 2009).

Natural lipid antigens for iINKT cells that can be found in a broad range of
microorganisms. Activating glycosphingolipids for iINKT cells have been found in
several bacteria, including Sphingomonas paucimobilis (Sriram et al.,, 2005),
Sphingomonas capsulate, (Mattner et al., 2005), Ehrlichia muris (Mattner et al., 2005),
and Streptococcus pneumonia (Kinjo et al., 2012), which is the most lethal bacterial
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pathogen (O’Brien et al., 2009). iNKT cells can also recognize diacylglycerol antigens
from Borrelia burgdorferi (Kinjo et al., 2006), the causative agent of Lyme disease
(Orloski et al., 2000), and cholesteryl a-glucosides from Helicobacter pylori (Chang et
al.,, 2011 and Wieland Brown, et al., 2013). Besides bacterial lipids, fungal
glycosphingolipids from Aspergillus fumigatusis have been reported to activate iNKT
cells (Albacker et al., 2013). Interestingly, this structural diversity implies an important

role of INKT cells in the recognition of a broad range of microbial antigens.

2.6.4. The Effector Functions of iNKT Cells

INKT cells share functional similarities with NK and af3 T cells. Following TCR
stimulation, iNKT cells rapidly display effector functions without the need of lengthy
differentiation (Taniguchi et al., 2003). Following the injection of aGalCer into mice,
activated iNKT cells undergo clonal expansion, with the peak of the expansion after
three days (Crowe et al., 2003). INKT cells play an essential role in the immune
response against glycolipid antigens (Taniguchi et al., 2003). They display antigen
specific cytotoxicity, similar to CTL cells, against target cells via the CD95/CD178
pathway (Wingender et al., 2010). Furthermore, iNKT cells rapidly produce a wide
range of functionally different cytokines and chemokines after activation due to their
constitutive expression of mMRNA for various cytokines, such as IFNy and IL-4 (Stetson
et al., 2003). Via these and other cytokines, INKT cells can also connect the innate and

the adaptive immune system (Kronenberg, 2005).

2.6.5. The Basic Role of INKT Cell in Different Diseases

INKT cells have been associated with many different diseases, including
cancers, autoimmune disease, and allergic reactions (Godfrey & Kronenberg, 2004).
INKT cells can play advantageous or disadvantages roles under different conditions.
They were shown to have antitumor effects in some cancer models (Kuni et al., 2009;
Yamasaki et al., 2011), and can prevent allograft rejection, graft-versus-host disease
and some autoimmune diseases (Godfrey & Kronenberg, 2004). For example, iNKT

cells are low in numbers and are functionally impaired in mice with type 1 diabetes and
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adoptive transfer of wild-type INKT cells can ameliorate the disease in these mice (Mak
& Saunders, 2006). Consequently, iNKT cells have great therapeutic potential
(Godfrey & Kronenberg, 2004). However, besides these advantageous roles, iNKT
cells can also be detrimental in other contexts. For example, iINKT cells can respond
to lipid antigens in house dust (Wingender et al., 2011) and pollen extracts (Agea et
al., 2005), which could lead to allergic reactions and airway hyperactivity in mouse
models (Wingender et al., 2011). In a similar way, it has been reported that INKT cells
can be activated by circulating lipid antigens and can promote cardiovascular disease
(Braun et al., 2010). The current theory to explain these divergent roles of iINKT cells
suggests that functional different INKT cell subsets exist and that their function

determines the outcome.

2.6.6. The Subsets of INKT Cells

There are four INKT cell subsets that develop in the thymus: NKT1, NKT2,
NKT10, and NKT17 cells. INKT cell subsets are characterized by transcription factors
they express and the cytokines they produce (Lee et al., 2013), as shown in table 1.
These iNKT cell subsets are named after the CD4* T helper subsets they functionally
resemble (Lee et al., 2013). NKT1 cells express the transcription factors PLZF and T-
bet and produce both IFNy and IL-4 following stimulation (Lee et al., 2013). NKT2 cells
express the transcription factor PLZF at high levels and secrete mainly IL-4 (Lee et al.,
2013). NKT17 cells express the transcription factors PLZF and RORyt and secrete
mainly IL-17 (Lee et al., 2013). NKT1 cells, but not NKT2 or NKT17 cells, also express
several NK cell receptors, like NK1.1 (Kim PJ et al., 2006). The last subset that is found
in the steady state is NKT10 cells. NKT10 cells are recently identified regulatory cells
that can produce large amounts of the anti-inflammatory cytokine IL-10 (Sag et al.,
2014). 1t was shown that NKT10 cells expand in vivo after immunization of mice with

aGalCer and remain elevated for several months (Sag et al., 2014).
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Table 1: The comparison of iNKT cell subsets. The differences on their phenotype and

functionality of INKT cell subsets were compared.

Subset name
NKT1 NKT2 NKT17 NKT10
NKTrH cells
cells cells cells cells
Main transcription Thethigh GATA3Ngh |  RORythigh Not known Bel6
C +
factor(s) PLZF'ow PLZFhigh PLZFnt yet
CD279*
(PD-1)
CD279%(PD-1)
CD122* CD196* CD152*
Surface marker(s) IL17Rb* CD185*(CXCR5)
NK1.1* IL23R* CD127+ _
CD127negat|ve
CD304*
FR4*
Main cytokine(s) IFNy IL-4
IL-17A IL-10 IL-21
produced TNF IL-13

2.6.7. NKTgn Cells

In addition to these four subsets of INKT cells found in the thymus, another
subset, called follicular helper INKT (NKTrH) cells, can arise after stimulation with
aGalCer (Chang et al., 2012). NKTrn cells are found in the germinal centre where they
interact with and help GC B cells during the germinal centre reactions (Tonti et al.,
2012). NKTrn cells express the transcriptional factor Bcl6, which drives the expression
of the surface markers CD185/CXCR5, CD278/ICOS, and CD279/PD-1 (Chang et al.,
2012). Furthermore, NKTrH cells can produce the cytokines IL-4 and IL-21 (Chang et
al.,, 2012). Therefore, NKTrn cells
conventional T follicular helper (TrH) cells (Crotty, 2011). Additionally, NKTrn cells were

resemble phenotypically and functionally

reported to lack expression of the CD127 (Sag et al., 2012).

Although, NKTr4 cells are able to support antibody responses of B cells in
germinal centres, they are not able, unlike Trn cells, to support the development of

long-lived plasma cells (Vinuesa & Chang, 2013; Tonti et al., 2012). Additionally, once
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B cells are activated by NKTr+ cells they rapidly secrete IgM and 1gG antibodies (Barral
et al., 2008; Leadbetter et al., 2008). NKTrH cells have been detected in vivo within

three to six days after immunization with aGalCer (Chang et al., 2012). However, they

are undetectable two to three weeks later (Sag et al., 2014). In contrast, the percentage

of NKT10 cells remains increased for more than four weeks (Sag et al., 2014).

Interestingly, similar to NKTru cells, it has been shown that NKT10 cells can also
express CD185 (Sag et al., 2014). However, the relationship of NKTr4 and NKT10 cells

is currently unknown.

Due to the fact that they have advantageous and deleterious functions in the

immune system, it is very important to understand the competencies and plasticity of

different INKT cell subsets to target them safely in immunotherapies.
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Figure 3. NKTgy cells arise in vivo following the injection of aGalCer. In the steady-state, four
iINKT cell subsets, NKT1, NKT2, NKT10, and NKT17 cells, are detectable. However, NKTr1 cells

arise in vivo within five to six days after immunization of mice with aGalCer. Therefore, following the
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3. MATERIALS AND METHODS

3.1. Type of The Research:

Experimental study.

3.2. Location and the time frame of the research:

All experiments were performed at the I1zmir Biomedicine and Genome Center,
between 2017 and 2020.

3.3. Research population, sampling and experimental groups:

Not applicable.

3.4. Research Materials:

Different organs were obtained from C57BL/6, BALB/c, and Bcl6”- mice, which
were housed in IBG’s vivarium (May 2018 - February 2020). The CD1d/aGalCer-
tetramers (labelled with BV421 or PE) were kindly provided by the NIH Tetramer Core
Facility (Emory University, Atlanta, GA, USA). All other reagents, including chemicals,

kits, antibodies, and consumables, were obtained from commercial sources as outlined
below.

3.5. Research Variables:

Variables of our study are cell frequencies and the expression of surface
markers, cytokines, and transcription factors.
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3.6. Data Collection Tools:

3.6.1. Laboratory Materials

3.6.1.1. General Laboratory Equipment

Autoclave (Systec, VX-150, 166L, SN:8373)
Biological safety cabinet (ThermoFisher Scientific, class Il type A2- SN:41806507)

Cell analyser, LSR FortessaX20 (BD Biosciences, # 647780S1,
SN:H647780S1001, model no:N/A)

Cell sorter, FACSAria lll (BD Biosciences)

Centrifuge (IKA, model: mini G, SN: 100046858)

Centrifuge 5702 (Eppendorf, SKU: Z606936EU, SN: 5702DR5336846)
Centrifuge microCL 17R (ThermoFisher Scientific, # 75002455, SN: 41793777)
COz2 incubator (MEMMERT, INCOmed 246 0°C/+50°C, SN: 0215-0125)
Freezer, -20°C (Bosch, 161x70 cm, SN: GSN51AW30)

Ice maker (HOSHIZAKI, model number: FM-300AKE-N, SN:E11212)

Magnet, EasySep — immunomagnetic column-free magnet (StemCell
Technologies, #18000)

Microscope, inverted (Carl Zeiss, model: Axio Vert.Al, SN: 3849001095)
Pipette pump, electrical (Isolab, 0.1-200 ml, # 010.01.006)

Pipette stand, carrousel (GILSON, SKU: F161401)

Pipette, multi-, pipet-lite L8 -200XLS+ (Rainin, # 17013805)

Pipette, single channel, PIPETMAN classic P2 (GILSON, SKU: F144801)

Pipette, single channel, PIPETMAN G starter kit, P20G, P200G, P1000G
(GILSON, SKU: F167900)
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Refrigerator, +4°C (Bosch, model: KSV36AI131/09)
Thermal cycler, SimpliAmp (ThermoFisher Scientific, # A24811, SN: 228002716)
Vortex (ThermoFisher Scientific, LP vortex mixer, SN: EAKT18071, # 88880018)

Water bath (Nlve laboratory & sterilization technology, model no: NB 9, SN: 02-
2531)

Water purification system (ThermoFisher Scientific, model: Smart2Pure 3 UV/UF,
SN:41531232)

3.6.1.2.  Vivarium Laboratory Equipment
Anaesthesia machine (E-Z systems, model: classic, # EZ-150C)

Biological safety cabinet (LABGARD, class Il, model no: NU-S677-400E,
SN:182313100617)

Charcoal filter canister (E-Z systems, ReFresh, # EZ-258)

Forceps (graefe), 10.16 cm long serrated slight curve 0.8 mm tip (ROBOZ, # RS-
5135)

Forceps (semken), 1x2 teeth; 1.6 mm tip width; 15.24 cm length (ROBOZ, # RS-
5248)

Induction chamber (E-Z systems, sure-seal mouse chamber 10.16 cm long x 10.16
cm width x 10.16 cm height, # EZ-177)

Scissors (delicate operating), 12.065 cm straight sharp/sharp (ROBOZ, # RS-
6702)

Scissors (light operating), 12.7 cm curved sharp/sharp (ROBOZ, # RS-6753)

Scissors (operating), straight; sharp-blunt; 15.24 cm length (ROBOZ, # RS-6818)
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3.6.1.3. Consumables
Parafilm: Wrap, 4" Wide; 125 Ft/Roll (#PM-996)

Gloves, examination (Small, Medium, Large): MyGlove (Labmarker Dis Ticaret Ltd.
Sti., #9604 0203)

Aluminium foil, 30m, (Migros)

Tube, 50mL (polypropylene): canonical bottom, (Greiner Bio-One, #227261;
Sarstedt, #62.547.254; Orange Scientific, #4440100N)

Tube, 15mL (polypropylene): canonical bottom (Greiner Bio-One, #188271)
Tube, 5mL (polypropylene): round bottom (Stem Cell Technologies, #352063)
Pasteur pipette, glass, 225mm (ISOLAB, #084.01.002)

Pasteur pipette, polyethylene, 3mL, non-sterilized (ISOLAB, #084.02.001)
Syringe, single use with needle, 5mL (Genject)

Filter syringe, 33mm x 0.22um, (CHROMFILTER, #S33-CA22-S)

Reservoirs, reagent — disposable, 55mL, non-sterilized (ISOLAB, #006.03.055)
Microplate, 96-well F- bottom (Greiner Bio-One, #655081)

Petri dish, 10 cm (ISOLAB, #081.01.100)

Petri dish, 5 cm (ISOLAB, #081.01.060)

Multi-well plate, cell culture 96 well (Greiner Bio-One, #655180)

Cell culture multi-well plate, 48 well (Greiner Bio-One, #677180)

Cell culture multi-well plate, 24 well (Greiner Bio-One, #662160)

Cell culture multi-well plate, 6 well (Greiner Bio-One, #657160)

Flask, cell culture, 250mL (Greiner Bio-One, #658175)

Flask, cell culture, 50mL (Greiner Bio-One, #690175)

Reaction tube, 2mL with attached cap (Greiner Bio-One, #623201)
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Reaction tube, 1.5mL with attached cap (Greiner Bio-One, #616201)
Reaction tube, 0.5mL with attached cap (Greiner Bio-One, #667201)
Pipet tips, 1mL (Rainin, #17001977)

Pipet tips, 250mL, LTS for multichannel (Raining, #17000506)

Pipet tips, 200mL (Corning Inc., #4845)

Pipet tips, 10mL (Rainin, #17004280)

Pipettes, serological, 25mL, sterile (Greiner Bio-One, #760180; SPL Lifesciences,
#91025)

Pipettes, serological, 10mL, sterile (Greiner Bio-One, #607180; SPL Lifesciences,
#91010)

Pipettes, serological, 5mL, sterile (Greiner Bio-One; #606180; SPL Lifesciences,
#91005)

3.6.1.4. Chemicals, Reagents, And Commercial Kits

2-Mercaptoethanol (HSCH2CH20H, sigma, #M6250-1L, [55 uM], stored at
4°C)

CytoFix/Perm (BD Biosciences, #554722, stored at 4°C)
Dynabeads mouse pan B (B220) (ThermoFisher Scientific, #11441D)

Ethanol Technical Grade (Interlab, #TK.200650.05001)

Fetal bovine serum (FBS, Biochrome, #s0115, heat inactivated, stored at -20°C)

GolgiPlug (BD Biosciences, #555029, brefeldin A [1 mg/ml] in DMSO, stored
at 4°C)

GolgiStop (BD Biosciences, #554724, monensin [2 mg/ml] in EtOH, stored at
4°C)

lonomycin (C41H7209, Sigma, #19657-1MG, [1 mg/mL] in DMSO, stored at -
20°C)
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L-Glutamine 100X (ThermoFisher Scientific, #25030081, [200 mM] stored at —
20°C)

Lymphoprep (StemCell Technologies, #07801, stored at 4°C)

PE positive selection kit I, EasySep™ mouse (StemCell Technologies, #18554)
Penicillin-streptomycin (10,000 units/mL penicillin and 10,000 pg/mL of
streptomycin in in 0.85% saline, ThermoFisher Scientific, #15140122, stored at
-20°C)

Percoll plus 1L GE healthcare (Sigma, #17-5445-01, stored at RT)

Phorbol 12-myristate 13-acetate (PMA, Cs3sHs60s, Sigma, #P8139-1MG, [1
mg/mL] in DMSO, stored at —20°C)

Phosphate buffered saline (10X PBS, ThermoFisher Scientific, # 70011036, stored
at 4°C)

Phosphate buffered saline (PBS, ThermoFisher Scientific, #10010023, stored at
4°C)

RPMI 1640 without L-Glutamine (ThermoFisher Scientific, #42401018,
stored at 4°C)
Sodium azide (NaNs, Sigma, #S2002-500G, stored at RT)

Transcription factor buffer set (BD Biosciences, #562574, stored at 4°C)

a-Galactosylceramide (aGalCer, CsoHo9NOg, Avanti Polar Lipids,

#867000P, [1 mg/mL] in DMSO, stored at -20°C)
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3.6.1.5.

Table 2: Antibodies used in the study

Antibodies for Flow Cytometry

o ) ) Ordering
Specificity Clone Species Isotype Conjugate Company
number
Bcl-6 K112-91 Mouse lgG1, K APC-Cy7 563581 BD Biosciences
PE-Dazzle
Bcl-6 7D1 Rat 1gG2a, K 504 358510 BioLegend
CD127 A7R34 Rat IgG2a, k | APC-eF780 | 47-1271-82 eBioscience
CD127 A7R34 Rat IgG2a, k BVv510 135033 BioLegend
CD127 A7R34 Rat IgG2a, k BV605 135041 BioLegend
CD127 A7R34 Rat IgG2a, k BV650 135043 BioLegend
r 70-0161- Tonbo
CD16/32 2.4G2 Rat 1gG2b Purified o
MO001 Bioscience
ThermoFisher
CD19 MB19-1 Mouse IgA, K APC 17-0191-82 o
Scientific
o 30-0193- Tonbo
CD19 1D3 Rat 1gG2a, k Biotin o
U500 Biosciences
CD19 6D5 Rat IgG2a, k BVv510 115546 BioLegend
CD19 6D5 Rat IgG2a, k BV570 115535 BioLegend
ThermoFisher
CD19 MB19-1 Mouse IgA, K PE 12-0191-82 S
Scientific
CD19 6D5 Rat IgG2a, k PE-Cy5 115510 BioLegend
CD19 6D5 Rat IgG2a, k | Pacific Blue 115523 BioLegend
PerCP- 65-0193- Tonbo
CD19 1D3 Rat 1gG2a, k o
Cy5.5 U100 Biosciences
Armenian _
CD196/CCR6 | 29-2L17 IgG BV605 129819 BioLegend
hamster
CDh1d 1B1 Rat IgG2b, k PE 123510 BioLegend
CDh1d 1B1 Rat 1gG2b, k Purified 559438 BD Biosciences
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CD278 (ICOS)

CD278 (ICOS)

CD278 (ICOS)

CD3¢

CD3e

CD3e

CD3e

CD3¢

CD3¢

CD4

CD4

CD4

CD4

CD4

CD4

CD4

CD4

CDh44

CDh44

CDh44

C398.4A

15F9

15F9

145.2C11

145-
2C11
145-
2C11
145-
2C11
145-
2C11

17A2

RM4-5

RM4-5

RM4-5

RM4-5

RM4-5

RM4-5

RM4-5

GK1.5

IM7

IM7

IM7

Armenian
hamster
Armenian
hamster
Syrian
hamster
Armenian
hamster
Armenian
hamster
Armenian
hamster
Armenian
hamster
Armenian

hamster

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

I9G

IgG

19G

IgG1, k

IgG1, kK

IgG1, kK

IgG1, kK

IgG1, k

1gG2b, k

1gG2a, k

19G2a, K

1gG2a, k

1gG2a, k

IgG2a, k

1gG2a, kK

1gG2a, k

19G2b, K

19G2b, K

19G2b, K

19G2b, K

PerCP-
Cy5.5

PE

PerCP-
eF710

APC

BUV395

PE-Cy5

PE-
eFluor610
PerCP-
Cy5.5

Purified

AF647

AF700

APC

eVolve605

PE

BV570

BV605

Pacific Blue

APC

PE

V500

313518

12-9940-81

46-9940-82

20-0031-
U100

563565

100310

61-0031-82

45-0031-82

70-0032-
U500

100530

100536

17-0042-81

83-0042-42

100512

100542

563151

100428

17-0441-82

12-0441-83

560780

BioLegend

ThermoFisher

Scientific
eBioscience

Tonbo

Biosciences

BD Biosciences

BioLegend

ThermoFisher
Scientific
ThermoFisher
Scientific
Tonbo

Biosciences

BioLegend

BioLegend

ThermoFisher

Scientific

eBioscience

BioLegend

BioLegend

BD Biosciences

BioLegend

ThermoFisher
Scientific
ThermoFisher

Scientific

BD Biosciences
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CD45.1

CD45.1

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8a

CD8p

CcD8g

FoxP3

FoxP3

GATA3

GATA3

GL7

IFNy

A20

A20

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

53-6.7

eBioH35-
17.2

eBioH35-
17.2

FJK-16s

FJK-16s

L50-823

L50-823

GL7

XMG1.2

Mouse

Mouse

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Mouse

Mouse

Rat

Rat

IgG2a, k

1gG2a, K

IgG2a, k

IgG2a, k

1gG2a, K

1gG2a, K

IgG2a, k

IgG2a, k

IgG2a, k

1gG2a, K

1gG2a, k

1gG2a, k

1gG2a, k

1gG2b, k

19G2b, K

IgG2a, k

IgG2a, k

IgG1, k

IgG1, kK

IgM, k

IgG1, k

AF700

BV785

APC-eF780

BV570

BV650

eFluor 450

eVolveb655

PE-Cy5

PE-Cy7

PerCP-
Cy5.5
PerCP-
eF710

Biotin

BV711

FITC

PE

AF700

eF660

BV711

PE-Cy7

AFA488

BV650

110724

110743

47-0081-82

100740

100741

48-0081-80

86-0081-42

100710

25-0081-82

100734

46-0081-82

30-0081-
U500

100748

11-0083-85

12-0083-81

56-5773-82

50-5773-82

565449

560405

144612

505831

BioLegend

BioLegend

ThermoFisher
Scientific

BioLegend

BioLegend

eBioscience

ThermoFisher

Scientific
BioLegend

ThermoFisher

Scientific
BioLegend

ThermoFisher
Scientific
Tonbo
Biosciences

BioLegend

ThermoFisher
Scientific
ThermoFisher
Scientific
ThermoFisher

Scientific

eBioscience

BD Biosciences

BD Biosciences

BioLegend

BioLegend
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IFNy

IFNy

IL-10

IL-10

IL-12/1L-23 p40

Nur77

Nur77

PLZF

PLZF

Slamf6 / Ly108

Slamf6 / Ly108

Tbet

Tbet

Tbet

TCRB

TCRB

TCRB

TCRB

TCRB

TCR y/5

XMG1.2

XMG1.2

JES5-
16E3
JES5-
16E3

C17.8

12.14

12,14

9E12

9E12

330-AJ

330-AJ

4B10

04-46

04-46

H57-597

H57-597

H57-597

H57-597

H57-597

eBioGL3

Rat

Rat

Rat

Rat

Rat

Mouse

Mouse

Armenian
hamster
Armenian

hamster

Mouse

Mouse

Mouse

Mouse

Mouse

Armenian
hamster
Armenian
hamster
Armenian
hamster
Armenian
hamster
Armenian
hamster
Armenian

hamster

I9G1, K

IgG1, kK

IgG2b, k

19G2b, K

IgG2a, k

IgG1, K

19G1, K

IgG

IgG

1gG2a, Kk

1gG2a, kK

IgG1, K

IgG1, kK

IgG1, kK

19G

19G

19G

[o] €]

IgG

BV785

APC

APC

PE-Dazzle
594

Purified

AFA488

PE

PE

PE-Cy7

APC

Pacific Blue

AF647

BV786

AFA488

FITC

PE

Purified

AF700

PerCP-
Cy5.5

FITC

505838

20-7311-
U100

505010

505034

40-7123-
U500

4347883

12-5965-80

145804

145806

134608

681304

644804

564141

561266

109206

12-5961-83

70-5961-
U100

109224

65-5961-
U100

11-5711-82

BioLegend

Tonbo

Biosciences

BioLegend

BioLegend

Tonbo
Biosciences
ThermoFisher
Scientific
ThermoFisher
Scientific

BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

BD Biosciences

BD Biosciences

BioLegend

eBioscience

Tonbo

Biosciences
BioLegend

Tonbo

Biosciences

eBioscience
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ucCr- Armenian ThermoFisher
TCR /5 19G FITC 11-5811-85 o
13D5 hamster Scientific
MP6-
TNF Rat lgG1, K FITC 554418 BD Biosciences
XT22
MP6-
TNF Rat IgG1, kK BV711 506349 BioLegend
XT22
3.6.1.6. Other Reagents for Staining
Table 3: Other reagents for staining
Clone Species | Isotype | Conjugate | Ordering number Company
Polyclonal Rat 19G Unconjugated 012-000-003 Jackson ImmunoResearch
Polyclonal | Mouse 19G Unconjugated 015-000-003 Jackson ImmunoResearch
3.6.1.7. Other Fluorescent Reagents for Flow Cytometry

Table 4: Other fluorescent reagents for flow cytometry

o ) ) Ordering
Specificity | Clone | Species | Isotype Conjugate Company
Number
Live/Dead- o
N/A N/A N/A N/A Bl 13-0868-T100 | Tonbo Biosciences
ue
CD1d- NIH tetramer core
N/A Mouse N/A Bv421 N/A .
tetramer facility
CD1d- NIH tetramer core
N/A Mouse N/A PE N/A -
tetramer facility
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3.6.2. Methods
3.6.2.1. Animal Handling and Experimentation
3.6.2.1.1. Mouse Handling

To perform in vivo experiments and to collect mouse organs for the subsequent

purification of immune cells, the proper handling of mice is essential.
Materials:
- Polycarbonate cage, with wire lid and drinking bottle
Solutions:
- 70% ethanol
Method:

The surface of the mouse cage was sterilized with 70% ethanol, then placed
inside of the laminar flow of the procedure room. To open the cage, the lid and the
drinking bottle were removed. The mouse was lifted out of its cage by gently holding
the tail.

3.6.2.1.2. Mouse Anaesthesia

Mice are anesthetized to limit the pain and stress of the animals during
procedures. The lack of resistance from the mice makes the procedures also
technically easier for the researchers.

Materials:

- Anaesthesia machine: induction chamber, precision vaporizer, a waste gas-

scavenging unit, isoflurane as liquid anaesthetic
Method:

The mouse was placed into the induction chamber of the anaesthesia machine
and the lid of the chamber was latched to prevent gas leakage. The oxygen flow and

then the precision vaporizer of the anaesthesia machine were turned on. The flow of
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isoflurane was set to 3 - 4 L/min. After the mouse fell asleep, the lid of the induction
chamber was opened and the mouse was taken out. Sufficient depth of the

anaesthesia was verified by a lack of reflexes following toe pinch.

3.6.2.1.3. Mouse Injection Methods

i Intraperitoneal (i.p.) injection of mice

Intraperitoneal (i.p.) injection is a common technique for the administration of
substance into mice. In contrast to intravenous injection, i.p. injection is faster, does

not require anaesthesia, and allows the injection of larger volume.

Materials:

1 ml/cc insulin syringe with 26Gx 12.7 mm needle

Anaesthesia machine: induction chamber, precision vaporizer, a waste gas-

scavenging unit, isoflurane as liquid anaesthetic
Solutions:
- PBS

70% ethanol

Method:

The cells or reagent to be injected were diluted in 200 ul PBS per mouse and
drawn into the syringe. The syringe was held with the needle upwards, air bubbles
stuck inside the syringe were collected at the top by gently hitting the syringe with the
index finger and removed from the syringe. The mouse was held by the tail with the
preferred hand for the injection and placed on the wire grid of the cage. With the thumb
and index finger of the free hand, the skin of the mouse’s neck was gripped tightly. A
sufficient tight grip was indicated by a lack of head movement by the mouse. The talil
of the mouse was immobilized between the little finger and the palm of the same hand

holding the mouse. The needle was placed into the right lower quadrant of the
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abdomen as shown in figure 4, kept away from the liver and abdominal midline. The
needle was inserted through the skin into the intraperitoneal space, avoiding
abdominal organs. Light negative pressure was induced in the needle by pulling the
plunger of the syringe for approximately 10 units to verify that no tissue was damaged,
which would be indicated e.g. by blood aspiration. When the plunger moved back on
its own, due to the lower pressure, then the injection was done with a speed of approx.
200 ul/2 seconds. The mouse was placed back into the cage and monitored for about

five minutes for any signs of distress.

Figure 4. The location for the i.p. injections: The red X at the lower right side of the mouse indicates

the location for the intraperitoneal (i.p.) injection.

ii. Intravenous (i.v.) injection of mice via the retro-orbital route

Intravenous (i.v.) injection via the retro-orbital route refers to the injection of non-
irritating substances directly into the ophthalmic venous sinus of the mouse, located
behind the eye. This retro-orbital route requires anaesthesia, but is easier to perform

than tail-vein injections and minimizes the distress of the mice.
Materials:

- Anaesthesia machine: induction chamber, precision vaporizer, a waste gas-

scavenging unit, isoflurane as liquid anaesthetic
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- 1 ml/cc insulin syringe with 26Gx 12.7 mm needle
Solutions:

- PBS
Method:

The cells or reagent to be injected were resuspended in at most 200 pl PBS per
mouse and drawn into the syringe. The syringe was held vertically with the needle
upwards by the right hand. Air bubbles stuck inside the syringe were collected at the
top by gently hitting the syringe with the index finger and pushed out of syringe. The
anesthetized mouse was placed onto a solid surface for the procedure. For injections
into the right eye, the mouse was laid on its left side with the mouse’s head pointing to
the right. The palm of left hand was placed on the mouse’s body. Using the thumb and
index finger of the left hand, the skin around the right eye of the mouse was pulled
downwards to bulge the mouse’s right eyeball out from the eye socket to expose the
eye for the injection. The needle was placed into the medial canthus of the mouse,
positioned at an angle of approximately 30°, and inserted behind the eyeball.
Overcoming an initial slight resistance indicated entry into the tissue. The solution
(max. 200 pl) was then slowly injected into the retro-orbital sinus. The needle was
removed and the mouse was placed back into the cage and monitored for

approximately five minutes for any signs of distress.

3.6.2.1.4. Mouse Euthanasia by Cervical Dislocation

Cervical dislocation is the preferred method for mouse euthanasia, as it is fast,
minimizes the pain for the animal, and avoids chemical contamination of the tissue, as

it might occur with the use of chemical euthanasia.
Materials:

- Scissors (operating), straight; sharp-blunt; 15.24 cm length
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Method:

The mouse was held by the tail and placed on the wire grid of the cage. Scissors
were placed on its neck, behind of the ears, with enough pressure to prevent
movement. Then, the tail was pulled while keeping pressure on the neck with the
scissors to dislocate the cervical vertebrate. Death was verified by a lack of reflexes

following toe pinch.

3.6.2.1.5. Recovery of Mouse Organs

To analyse and study immune cells, the organs of interest need to be removed

from the animals to allow the purification of cells.
Materials:
- Forceps (graefe), 10.16 cm long serrated slight curve 0.8 mm tip
- Forceps (semken), 1x2 teeth; 1.6 mm tip width; 15.24 cm length
- Scissors (delicate operating), 12.07 cm straight sharp/sharp
- Scissors (light operating), 12.7 cm curved sharp/sharp
- Scissors (operating), straight; sharp-blunt; 15.24 cm length
- 15 ml Falcon tubes
Solutions:

- PBS

70% ethanol

P2X7 receptor inhibitor A-804598 (Selleckchem) [10 uM]
Method:

e Spleen: The sacrificed mouse was placed on its right side on a clean paper. The
fur was sterilized with 70% ethanol in order to prevent contamination. An
incision was made perpendicular to the body axis below the rib cage. The skin

around of the incision was pulled to opposite directions with both hands to
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expose the peritoneum. Another incision was made in the peritoneal wall above
the spleen. The spleen is a red-elongated organ that is found near the greater
curvature stomach under the omentum and is usually visible through the
peritoneal wall. The spleen was lifted with curved graefe forceps out of the
peritoneum and detached from the body by cutting the connecting tissue with a
pair of scissors. The spleen was placed into a 15 ml falcon tube containing

approximately 5 ml PBS.

Thymus: The sacrificed mouse was placed on its back on a clean paper. The
fur was sterilized with 70% ethanol in order to prevent contamination. An
incision was made perpendicular to the body axis below the rib cage. The skin
around the incision was pulled to opposite directions with both hands to expose
the peritoneum. The lower tip of the sternum was held with forceps and the ribs
were cut left and right along the sternum to the top of the rib cage. The ribs
were lifted to lateral sides to expose the lungs. The thymus is a white-coloured
bi-lobed organ located behind the heart in the anterior superior thorax. With
curved graefe forceps, the lobes of the thymus were grasped and removed from
the body by cutting the connecting tissue with a pair of scissors. The thymus

was placed into a 15 ml falcon tube containing approximately 5 ml PBS.

Lymph nodes: The sacrificed mouse was put on its back on a clean paper.
Following the sterilization of the fur with 70% ethanol to prevent contamination,
a midline incision was made. The skin was detached from the peritoneal wall
using iris scissors. Then, the incision was extended to the neck and the arms
with the scissors. The skin was gently pulled to opposite directions with both
hands to expose the peritoneum. The inguinal lymph nodes can be found on top
of the subcutaneous white adipose tissue, which is attached to the skin, with one
lymph nodes on each side of the mouse. The tissue on top of the lymph nodes
was ripped apart with two curved forceps. The tissue under the inguinal lymph
nodes is then grasped with curved forceps and the lymph nodes is removed by
lifting it up with the forceps. The axillary nodes are found in the armpits of the
mice, near the triceps area. The tissue under the axillary lymph nodes is then

grasped with curved forceps and the lymph nodes is removed by lifting it up with
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the forceps. The lymph nodes were placed into a 15 ml falcon tube containing 5
ml of PBS.

Lungs: The sacrificed mouse was placed on a clean paper, and the fur was
sterilized with 70% ethanol. An incision was made near midline perpendicular
to the body axis below the rib cage. The skin around the incision was pulled to
opposite directions with both hands to expose the peritoneum. The lower tip of
the sternum was held with forceps and the ribs were cut left and right along the
sternum to the top of the rib cage. The ribs were lifted to lateral sides to expose
the lungs. The lungs are a large white-pink coloured organ, with five lobes on
the right and one lobe on the left side of the mouse. The lobes of the lungs were
held with forceps, slightly lifted so that the connective tissue underneath could
be cut with scissors. The removed lungs were placed into a 15 ml falcon tube
containing 10 uM of the P2X7 receptor inhibitor A-804598 in 5 ml of PBS.

Bone marrow: The sacrificed mouse was placed on a clean paper. Following
the sterilization of the fur with 70% ethanol, an incision was made to above the
hip. The incision was extended until the ankle joint and the skin was pulled back
to expose the femur. The fat and muscles around the femur were held with
forceps and trimmed off with scissors in order to clean the femur from the extra
tissues. Then, the bones were cut off near the joints without cutting the bone

marrows.

Liver: The sacrificed mouse was placed on a clean paper. The forelegs were
fixed upward side and the hind legs were fixed downward side of the mouse
with the needles. Following the sterilization of the fur with 70% ethanol, an
incision was made perpendicular to the body axis. The skin around the incision
was pulled to opposite directions with both hands to expose the peritoneum.
Another incision was made in the peritoneal wall with scissors in order to
expose the liver. The liver is a large, red-brownish coloured organ, with three
large lobes that places on the right side of the body of the mouse. The inferior
vena cava under the liver was identified, which is located next to the portal vein
as illustrated in figure 5, and cut to allow the draining of the blood. The portal

vein, which is thick and dark red coloured vessel found on the bottom of the
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liver connecting it with the intestine, was identified. A 25 gauge needle, attached
to a 5 ml syringe containing PBS, was inserted into the portal vein and with 3-4
ml of PBS injected into the portal vein the blood from the liver was perfused.
Following the injection of PBS, the liver will become pale. The gallbladder,
which is green-yellow coloured bladder located within the liver lobes, were held
with forceps and removed with scissors. The lobes of the liver were held with
forceps, slightly lifted so that the connective tissue underneath could be cut with
scissors. The removed livers were placed into a 50 ml falcon tube containing

approximately 10 ml of PBS.

Gallbladder

Portal vein

Inferior vena
cava

Figure 5. A schematic illustration of the mouse liver perfusion. Following the exposure of
the peritoneum, the portal vein and inferior vena cava were identified. The vena cava was cut
to allow the draining of the blood from the body. The needle of a syringe was placed into the
portal vein and 3-4 ml of PBS were infused till the liver became pale, indicating the perfusion of
the blood.

Adipose tissues: The sacrificed mouse was put on its back on a clean paper.
Following the sterilization of the fur with 70% ethanol to prevent contamination,
a midline incision was made. The skin was detached from the peritoneal wall
using iris scissors. Then, the incision was extended to the neck and the arms
with the scissors. The skin was gently pulled to opposite directions with both

hands to expose the peritoneum. The subcutaneous white adipose tissue
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(SCWAT) is attached to the skin with one lobe on each side of the mouse. The
inguinal lymph nodes are on top of the sSCWAT. Thus, the inguinal lymph nodes
were first removed with two curved forceps. Then, the scCWAT was slightly lifted
with forceps and removed from the underlying skin with a scissor. To reach the
visceral white adipose tissue (VWAT) another incision was made in the
peritoneal wall with scissors. The VWAT is found on top of the internal organs
in the abdominal area as two white lobes. The VWAT lobes were held with
forceps and slightly lifted so that the connective tissue underneath could be cut
with scissors. The removed adipose tissues were placed into a 15 ml falcon tube
containing 10 uM of the P2X7 receptor inhibitor A-804598 and 2% BSA in 5 ml
of PBS.

3.6.2.2. Cellisolation

Cell isolation is a procedure to isolate single cell suspensions from tissue
samples. There are different techniques used, depending on the organ and the

composition or purity of the intended cell suspension.

3.6.2.2.1. Single Cell Suspensions from The Bone Marrow

A 25 gauge needle was attached to a 5 ml syringe filled with PBS. To obtain bone
marrow, the femur was held by forceps and its two ends were cut off with scissors. The
needle was placed into the end of the femur and the bone marrow was flushed with 1-
2 ml of PBS from the bone marrow space into a petri dish containing 1 ml of cRPMI.
The cRPMI containing bone marrow was transferred into the 15 ml falcon tube and re-
suspended to disrupt large clusters of the bone marrow. Lastly, the tube was
centrifuged at 800 g for five minutes at 4°C to pellet the bone marrows, containing the

leuckocytes.
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3.6.2.2.2. Density gradient separation with Lymphoprep

Following Lymphoprep density-gradient centrifugation, dead cells are found at
the bottom of the tube, due to their shrinking and increased granularity. Therefore, the
living cells can easily be harvested at the interphase. The removal of dead cells before
the in vitro stimulation improves the detection of cytokines produced by iNKT cells.
(Sag D., et al., 2017) since dead cells can induce iINKT cells apoptosis. (Lee H, et al.
2010)

Materials:

50 ml Falcon tubes

- 70 um mesh
- 5 mL round bottom FACS tubes
- 3 mL syringe plunger
- 15 ml Falcon tubes
- Pasteur pipettes
Solutions:
- PBS

— Complete medium: Supplement RPMI-1640 medium with 5% (vol/vol) heat-
inactivated FBS, 100 U/mL penicillin-streptomycin, 0.05% (vol/vol) 2-

Mercaptoethanol, 4 yM L-glutamine
— Lymphoprep (stored at RT)
Method:

The cell pellet was re-suspended in 2 ml of complete medium and transferred
into a 5 mL round bottom FACS tube. The cell suspension was underlaid slowly with
1.5 ml Lymphoprep using a 1 ml pipette tip through a glass Pasteur pipette reaching
the bottom of the FACS tube. The gradient was centrifuged at 500 g for 20-30 min at
RT without acceleration or break. Using a 1 ml pipette tip, the interphase containing

the live leukocytes was recovered twice and transferred into a new 15 ml falcon tube.
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The cells were washed once with 150 pl PBS (400 g, 5-10 min, 4 °C).

3.6.2.2.3. Density Gradient Separation with Percoll

Density gradients allow to separate a heterogeneous cell suspension based on
the densities of the cells. Percoll is a commercial solution of colloidal silica that is
coated with polyvinylpyrrolidone to minimize its toxicity. Due to the low viscosity, it is
suitable for the density gradient separation of leukocytes. In this study, this protocol

was used to purify lymphocytes from murine livers (Watarai et al., 2008)
Materials:
- 50 ml Falcon tubes,
- Glass Pasteur pipettes,
- 5 ml and 25 ml serological pipettes,
Solutions:
- Percoll Plus (density: 1.131 g/mL),
- PBS,
- 10X PBS,
- 70% Ethanol,

- 100% Percoll solution: 90Volumeof Percoll Plus mixed with 10Vol of 10X PBS,
stored at RT,

- 80% Percoll solution: 80Volume of 100% Percoll solution mixed with 20Vol of
1X PBS, stored at RT,

- 35% Percoll solution: 35Volume of 100% Percoll solution mixed with 65Vol of
1X PBS, stored at RT,
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Method:

The cell pellet of a cell suspension from a single liver was re-suspended with 6
ml of 35% Percoll solution with a 5 ml serological pipette and the solution was
transferred into a 50 ml falcon tube. A glass Pasteur pipette was placed into the tube
with the tip reaching the bottom of the tube. Then, 8 ml of 80% Percoll solution was
slowly added through the glass Pasteur pipette to the bottom of the 50 ml tube,
underneath the cell suspension, resulting in two different layers (Figure 6). The glass
Pasteur pipette was carefully removed without disturbing the layers. The tube was
centrifuged at 800 g for 20-30 minutes at room temperature (16-24° C) without
acceleration and break. Afterwards, the falcon tube was handled gently, not to disturb
the three layers visible now (Figure 6). A glass Pasteur pipette was connected to the
vacuum and the thick upper layer of cell debris was sucked off. Then, the interphase,
the middle transparent layer containing the leukocytes, was slowly removed twice with
a 1 ml pipette. The cells from the interphase were washed ones with 25 ml of PBS (400

g, 5 min, 4°C). The pellet contained the purified mixture of leukocytes.

Before centrifuge After centrifuge

______________ Cell debris
o 00"
L 0 0
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0 [ ] _. in 35% Percoll
L
0 : o?
.............. ... .0 C.J [)O:_— Leukocytes
—t 80% Percoll  +——

v \v_. .

Figure 6. Schematic illustration of the separation of liver leukocytes by Percoll density
gradient. The cell pellet was re-suspended with 6 ml of 35% Percoll solution, and underlaid with 8 ml
of 80% Percoll solution. Initially, two layers are visible and after spinning, three layers are visible. The

transparent interphase layer contains the leukocytes.
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3.6.2.3. In Vitro Stimulation of Single Cell Suspensions

INKT cells produce large amounts of different cytokines after stimulation. Since
cytokines typically are secreted proteins, they must first be trapped inside the cell
with a protein transport inhibitor. The two most commonly used protein transport
inhibitors are monensin and brefeldin A. Both interrupt the intracellular transport
processes leading to an accumulation of the cytokine in the Golgi complex, allowing

the detection of cytokines inside the producing cells. (Schuerwegh, et.al., 2001)

Materials:
- Flat-bottom 24-well plates
- V-bottom 96-well plates
Solutions:

- GolgiPlug (Brefeldin A [1 mg/ml] in DMSO, stored at 4 °C)

- GolgiStop (Monensin [2 mg/ml] in EtOH, stored at 4 °C)

- PMA ([1 mg/mL] in DMSO)

- lonomycin ([1 mg/mL] in DMSO)

- Complete medium: Supplement RPMI-1640 medium with 5% (vol/vol) heat-
inactivated FBS, 100 U/mL penicillin-streptomycin, 0.05% (vol/vol) 2-

mercaptoethanol, 4 yM L-glutamine (stored at 4 °C)

Method:

Cells were resuspended in complete medium and stimulated in flat-bottom 24

well-plates at 2 x 10° cells in 500 pl. The cells were stimulated either with

(i) PMA [50 ng/mL] and ionomycin [500 ng/mL]; (ii) aGalCer [100 ng/mL]; or with
plate-coated a-CD3¢ Ab. The cells were stimulated in the presence of GolgiPlug (final
concentration 0.5 pl/mL), GolgiStop (final concentration 0.33 pl/mL) for 4 hours
(PMA/ionomycin; a-CD3g Ab) or for 5 hours (-aGalCer) at 37°C in a COz2 incubator.
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3.6.2.4. Cell Staining for Flow Cytometry
3.6.2.4.1. Cell Surface Staining for Flow Cytometry

Cell surface markers are expressed on the cell surface and can be used to define
cell types. To this end, the surface markers are labelled with fluorochrome-conjugated

antibodies and analysed by flow cytometry.
Materials:
- V-bottom 96-well plates
Solutions:
- PBS
- FACS buffer: PBS, 1% FBS, 0.1% NaNs (stored at 4°C)
- CytoFix/Perm (stored at 4°C)
Method:

Cells were stained in V-bottom 96-well plates with up to 3 x 108 cells per well
50 pL FACS buffer per well of master mix was prepared containing pre-titrated
amounts of the antibodies, plus 5 pl/mL of a-CD16/32-Ab (clone 2.4G2),
unconjugated IgGs (1:1, 10 ug/mL mix of mouse IgG and rat IgG). The master mix
was added to the cells, resuspended, and incubated for 15-30 minutes on ice in the
dark. After incubation, the cells were centrifuged and the pellet was washed twice
with 150 pl PBS (400 g, 5 min, 4°C). Then, 150 pl of CytoFix/Perm buffer per well
was added to the cell pellet and immediately re-suspended. They were fixed for 10
min on ice or at 37 °C in the dark and then washed twice with 150 pl PBS (400 g, 5
min, 4°C).

3.6.2.4.2. Intracellular Staining for Flow Cytometry

To stain intracellular molecules, like cytokines or transcription factors, the cells
need to be fixed in suspension and then permeabilized before the detection antibody

is added. This fixation/permeabilization treatment allows the antibody to pass through
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the plasma membrane into the cell interior, while maintaining the morphological
characteristics.

i. Transcription Factors

Materials:
- 70 pum mesh
- V-bottom 96-well plates
- 5 ml round bottom FACS tubes
Solutions:
- PBS
- FACS buffer: PBS, 1% FBS, 0.1% NaNs3 (stored at 4°C)
- 1X TF Fix/Perm buffer (stored at 4°C)
- 1X TF Perm/Wash buffer (stored at 4°C)
Method:

Surface-stained cells were pelleted (400 g, 5 min, 4°C), resuspended in 150 pl
of TF Fix/Perm buffer and incubated for 75 min at 4°C in the dark. Then, the cells
were washed twice with TF Perm/Wash buffer (400 g, 5 min, 4°C). The intracellular
staining cocktail was prepared using 50 pl per sample of Perm/Wash buffer
containing pre-titrated amounts of the antibodies for the transcription factors and
unconjugated IgGs (1:1, 10 ug/mL mix of mouse IgG and rat IgG). The intracellular
staining cocktail was added to the cell pellet, the cells were re-suspended and
incubated overnight at 4°C in the dark. Afterwards, the cells were washed once with
TF Perm/Wash buffer, re-suspended with 150 pl TF Perm/Wash buffer and incubated
five minutes on ice to permit unbound antibodies to diffuse out of the cells. The cells
were washed once more with 150 pl TF Perm/Wash buffer and once with FACS buffer
(400 g, 5 min, 4°C), then re-suspended in 150 ul of FACS buffer and filtered through
a 70 um mesh into a 5 mL round bottom FACS tube.

42



ii. Cytokines

Materials:
- 70 pum mesh
- V-bottom 96-well plates
- 5 ml round bottom FACS tubes
Solutions:
- PBS
- FACS buffer: PBS, 1% FBS, 0.1% NaNs (stored at 4°C)
- CytoFix/Perm buffer (stored at 4°C)
- 1X Perm/Wash (stored at 4°C)
Method:

Surface-stained cells were pelleted (400 g, 5 min, 4°C), resuspended in 150 pl of
CytoFix/Perm buffer and fixed for 10 minutes at 37 °C. Then, the cells were washed
twice with Perm/Wash buffer to permeabilize the cells (500 g, 5 min, 4°C). The
intracellular cytokine staining (ICCS) cocktail was prepared with 50 pl per test of
Perm/Wash buffer containing pre-titrated amounts of the antibodies for the cytokines
and unconjugated IgGs (1:1, 10 pg/mL mix of mouse IgG and rat IgG). The ICCS
cocktail was added to the cell pellet, the cells were re-suspended and incubated for 30
min or overnight at 4°C in the dark. Then, the cells were washed once with Perm/Wash
buffer (500 g, 5 min, 4°C), re-suspended with 150 pl Perm/Wash buffer, and incubated
five minutes on ice to permit unbound antibodies to diffuse out of the cells. The cells
were washed once more with Perm/Wash buffer and once with FACS buffer (500 g, 5
min, 4°C). Then, the cells were re-suspended with 70 pl FACS buffer and filtered
through a 70 pum mesh into a 5 mL round bottom FACS tube.
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3.7.Research Plan

May 2017 - May 2018

Literature search to find open
questions

l

May 2018 — January 2019

Optimizing the protocols for
the induction and detection
of NKTg, cells

|

December 2019- February

2020
February- December 2019

The frequency and phenotype

Time course experiments to
f NKT Il
determine the frequency of NKT, © P CETS
and NKT10 cells in the spleen l
December-January 2019
The functionality of NKT,
cells
August 2019- December 2019
The relationship between NKT, l
and NKT10 cells in the spleen
January- February 2020

The tissue distribution of
NKTg, cells
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3.8.Evaluation of Data

Statistical analysis: Results are expressed as the mean + SEM. Statistical
comparisons were drawn using a 2-tailed Student’s t test (Excel; Graphpad Software).
P values less than 0.05 were considered statistically significant and are indicated as
*P < 0.05, ** P <0.01, and ***P <0.001 in the figures. Graphs were generated with
GraphPad Prism.

3.9.Limitation of the Research

There were no limitations in our study.
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4. RESULTS
4.1. Optimizing the Bcl6 Staining for The Detection of NKTrx Cells
4.1.1. The gating strategy for the identification of INKT cells

Single cell suspensions of spleens from C57BL/6, BALB/c, and Bcl6”- mice were
prepared for flow cytometric analysis to identify iINKT cells. Lymphocytes were gated
by physical parameters (FSC-Area versus SSC-Area) (Figure 7A) and cell doublets
and aggregates were eliminated based on their high FSC-Width (Figure 7B) and SSC-
Width (Figure 7C) values. Live cells were gated by excluding cells labelled with a
live/dead marker (Figure 7D). B cells are characterized by their expression of CD19
(Wang et al., 2012), thus aCD19-Abs were used to exclude B cells (Figure 7E).
Because murine INKT cells do not express CD8a (Bendelac et al., 1997), aCD8a-Abs
were used to exclude CD8* T cells (Figure 7E). Like other memory cells, iINKT cells
express the activation marker CD44 (Bendelac et al., 2007), which was used to
improve the gating for iINKT cells (Figure 7F). Finally, iNKT cells were identified as
CD3¢* CD1d/aGalCer-tetramer* cells (Godfrey et al., 2005) (Figure 7G).
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Figure 7. The gating strategy used to identify iNKT cells. After gating for lymphocytes
(SSC-Avs. FSC-A) and single cells (excluding FSC-W vs. FSC-A and SSC-W vs. SSC-W high cells),
live splenocytes were gated as cells negative for the live/dead marker. INKT cells were gated as
CD8a- and CD19- negative, CD44Mah CD3¢i", and CD1d/aGalCer-tetramer* cells. A representative
gating tree for splenic iINKT cells from C57BL/6 control mice is shown. The numbers in the graphs

represent the percentage of cells within the gate.




4.1.2. Germinal centre B cells are used as positive control for the Bcl6-

expression

GC B cells express the transcription factor Bcl6é (Fearon et al., 2002), and thus
were used as positive control for the staining with aBcl6-Abs (clone 7D1). Single cell
suspensions of spleens from C57BL/6 mice were stained for the surface markers,
followed by the transcription factor staining to detect the transcription factor Bcl6.
Lymphocytes were gated by SSC-Area versus FSC-Area (Figure 8A), singlet cells
were gated by excluding of SSC-A versus SSC-W (Figure 8B) and FSC-A versus FSC-
W high cells (Figure 8C). Then, live cells were gated as cells negative for the live/dead
marker (Figure 8D). Finally, GC B cells were identified as CD19* CD185* GL7"d
CD95* and Bcl6™ cells (Allen et al., 2007) (Figure 8E, 8F, and 8G). As shown in figure
8G, Bcl6*™ GC B cells are detectable as a separate population from the Bcl6"9 B cells.
Therefore, it was concluded that we can identify GC B cells with the aBcl6-Ab (clone
7D1).
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Figure 8. The gating strategy used to detect GC B cells. Splenic lymphocytes (A; SSC-A vs.
FSC-A) and single cells (B and C; excluding SSC-W and FSC-W high cells), were gated, and dead
cells were excluded (D). GC B cells were identified as CD19* CD185* GL7hgh CD95* and Bcl6* cells

(E-G). A representative gating tree for splenic GC B cells from C57BL/6 control mice is shown. The

numbers in the graphs represent the percentage of cells within the gate.
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4.1.3. NKTgn cells are detectable in C57BL/6 mice six days after injection of
aGalCer

NKTern cells arise within five to six days following antigen challenge (Chang et al.,
2011). Thus, 2 ug aGalCer were injected into C57BL/6 mice and splenocytes were
analysed six days later for NKTru cells. Similar to Ten cells, NKTrn cells are
characterized by the expression of the transcription factor Bcl6 (Chang et al., 2011).
Once INKT cells were gated as described above (Figure 7), NKTrn cells were identified
as CD185" Bcl6* cells. As shown in figure 9A, the untreated mice did not contain
CD185" Bcl6* double positive iNKT cells. In contrast, in the aGalCer pre-injected mice,
CD185" Bcl6* double positive iNKT cells were detected and defined as NKTru cells
(Figure 9B). It has been reported that NKTrn cells can provide cognate help to B cells
and can support the proliferation of GC B cells (Chang et al., 2011). Therefore, the
frequency of GC B cells was also examined in these experiments. As expected, splenic
GC B cells were more frequent in the aGalCer pre-injected mice (1.25% + 0.06%)
compared to the untreated mice (0.01% + 0.01%) (Figure 9A). This higher frequency
of GC B cells in the aGalCer pre-injected mice is another indication for the development
of NKTrn cells.
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Figure 9. The frequency of NKTr4 cells and GC B cells is higher following aGalCer injection.
C57BI/6 control mice were either left untreated (A, C) or injected i.p. with 2 pg of aGalCer (B, D).
(A, B) The representative data show the splenic CD185* Bcl6* NKTrn cells (A) in untreated mice
and (B) in mice six days after injection of aGalCer. (C, D) The representative data shows GC B
cells gated as CD19* CD185* GI7hgh CD95* Bcl6* cells in (C) untreated mice and in (D) mice six
days after the injection of aGalCer. The numbers in the graphs represent the percentages of cells
within the gate. (E) Summary graph of the frequency of GC B cells from untreated (B6-control) or
from aGalCer pre-injected (B6-aGalCer) mice. (F) Representative histogram showing the
expression of Bcl6 in GC B cells (CD19* CD185* CD95* GL7*) from untreated (B6-control, grey,
tinted) and from aGalCer pre-injected (B6-aGalCer, red line) mice. Representative data from two

independent experiments are shown.
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4.1.4. A pre-fix step using Cytofix/Cytoperm at 37°C improves the Bcl6 staining

As NKTFrH cells are less frequent than GC B cells in the spleen, we first tested the
Bcl6 staining protocol by analysing GC B cells. In these optimization experiments, four
different protocols were tested for the detection of Bcl6, which differed only in the initial
fixation (pre-fix step). To this end, splenocytes from untreated C57BL/6 mice were
divided into four groups to test the different pre-fix approaches in parallel. After the
surface staining, the samples were differently treated for the pre-fix step. For the first
sample, the pre-fix step was skipped (Figure 10A). For the second sample, the pre-fix
step was performed using 2% formaldehyde for 60 min at 4°C (Figure 10B). In the
third sample, the pre-fix step was performed using Cytofix/Cytoperm for 10 min on ice
(Figure 10C). Lastly, for the fourth sample the pre-fix step was performed using
Cytofix/Cytoperm for 10 min at 37°C (Figure 10D). The rest of the transcription factor
staining protocol was the same for all the groups.

In figure 10, the contour plots (left panel) show the gating of GC and other B cells
and the Bcl6 expression levels are shown in representative histograms (right panel).
These data indicated that the protocol with the pre-fix step using 2% formaldehyde was
not able to identify Bcl6* cells (Figure 10B). Following the pre-fix with Cytofix/Cytoperm
the difference between Bcl6* and Bcl6™ cells was weaker when performed on ice
(Figure 10C) than at 37°C (Figure 10D). The percentage of Bcl6* GC B cells in the
protocol without prefix step (Figure 10A) was 0.12% + 1.48% within total cells. Even
though the percentage of Bcl6* GC B cells in the protocol with the pre-fix step using
Cytofix/Cytoperm at 37°C was lower (0.065% + 1.78%), the separation between Bcl6*
and Bcl6 cells was clearer (Figure 10D). Therefore, it was decided to use the pre-fix
with Cytofix/Cytoperm for 10 min at 37°C for our Bcl6 staining.

52



Bcel6- || GI7hoh Bcl6™

A
0.12 — p
= FIRY 7 -
-y ¥ - T T———
B — Bcle
. 042 =]
': - -.- —
- L) w .
——
Cc Bcle
0.081 =
— ) e -
o - NE 1
- T w v Al L il L .l 1 Lo v .
D —— Bl —— — BCl&

" -

GI7

Bl —— B CG

Figure 10. The different pre-fix protocols tested for the optimization of the Bcl6 staining in
GC B cells. The expression of Bclé was compared in GL7* (red line) and GL7"9 (blue, tinted) B
cells (CD19* CD185* CD95%). Four different protocols were tested for the Bcl6 transcription factor
staining. The representative data show the result of the protocol (A) without the prefix step, (B) with
the prefix step using 2% formaldehyde for 60 min at 4°C, (C) with the prefix step using
Cytofix/Cytoperm for 10 min on ice, and (D) with the prefix step using Cytofix/Cytoperm for 10 min
at 37°C. Representative data for splenic GC B cells from C57BL/6 control mice are shown. The

numbers in the graphs represent the percentage of cells within the GL7* gate.
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4.1.5. The working concentration of aBcl6-Ab [7D1] was established

To prevent unspecific binding due to an excess amount of antibody, we
performed titration experiments with the aBcl6-Ab [7D1] to determine the best working
concentration. Splenocytes from untreated C57BL/6 mice were divided into five
aliquots. The flow cytometric panel identified GC B cells and the antibody
concentrations were the same for all antibodies except the aBcl6-Ab [7D1]. For the
aBcl6-Ab [7D1], five two-fold dilutions were performed, starting with 3 pl per sample.
After gating for GC B cells, the histogram graph in figure 11 was prepared to decide
the best working concentration of aBcl6-Ab [7D1]. 3 ul of the aBcl6-Ab [7D1] per
sample gave the clearest separation of Bcl6* and Bcl6™ cells and, therefore, it was
decided to use this concentration for further experiments.

B 0.18 pl per sample
7] 0.37 pl per sample
| ] 0.75 ul per sample
| 1.5 pl per sample
] 3 ul per sample

Bclé

Figure 11. The titration of the aBcl6 antibody using GC B cells. Splenic GC B cells from C57BL/6
mice were identified as CD19* CD185* GI7hd"h and CD95* cells. The staining for Bcl6* with the

indicated amounts of aBcl6-Ab [7D1] per test are shown.
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4.1.6. Differences in The Bclé Detection Between the aBcl6-Ab Clones K112-
91 and Clone 7D1

The experiments under 4.1.5 were performed with aBcl6-Abs of the clone 7D1.
To test whether the antibody clone may affect the detection of Bcl6, two different clones
were tested in parallel. Purified splenocytes from aGalCer pre-injected mice were
divided in two aliquots. The flow cytometric panel identified iINKT cells and differed only
in the aBcl6-Ab clone used. After surface staining, the transcription factor staining with
pre-titrated antibody concentrations was performed: one sample was stained with the
aBcl6-Ab clone K112-91 conjugated to PE-Cy7 (Figure 12B) and the other sample
with the aBcl6-Ab clone 7D1 conjugated to PE-Dazzle594 (Figure 12A). Due to the
clearer separation of expression Bcl6* and Bcl6™ cells (Figure 12A), the aBcl6-Ab

clone K112-91 was used for future experiments.
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Figure 12. Two different Bcl6 antibody clones were tested to detect Bcl6* cells in
splenic iNKT cells. Splenic iNKT cells from control C57BL/6 mice (B6, tinted) and C57BL/6
mice i.p. injected six days earlier with 2 ug aGalCer (B6/aGC, red line) were analysed for the
expression of Bcl6. The representative data show the transcription staining with (A) the a-
Bcl6 antibody clone 7D1 conjugated to PE-Dazzle594 and with (B) the a-Bcl6 antibody clone
K112-91 conjugated to PE-Cy7.
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4.2. The Frequency and Phenotype of Splenic NKTrx Cells

Having established the flow cytometric protocol to identify NKTrx cells, we next
measured the in vivo expansion of NKTru cells. However, previous publications on
NKTrn cells used different routes of aGalCer injection, either sub-cutaneous (Tonti et
al. 2012), intra-venous (i.v.) (Chang et al. 2012, Sag et al. 2014), or intra-peritoneal
(i.p.) (Chang et al. 2012, King et al. 2012). Therefore, we initially compared the impact
of i.v. versus i.p. injection of aGalCer on splenic INKT cells and NKTrn cells six days
later. The frequency of INKT cells increased following the injection of aGalCer and this
tended to be more pronounced following i.v. than i.p. injection (Figure 13A), however,
this did not reach statistical significance in most experiments (data not shown). When
analysing NKTrn cells, we observed a clear induction of NKTry cells in the spleen six
days after aGalCer injection, which was comparable for the injection via the i.v. or i.p.
route (Figure 13B).
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Figure 13. The frequency of splenic iNKT and NKTgy cells following i.v. or i.p. injection of
aGalCer. C57BL/6 mice were left untreated (controls, n=2) or were injected either i.v. (red) or i.p.
(blue) with 2 ug of aGalCer (n=3). Six days later, splenocytes were stained for iNKT cells (live CD3g*
CD8a®s CD19m¢ CD1d/aGalCer-tetramer* cells) and NKTen cells (CD185* iNKT cells). The relative
percentage of (A) iNKT cells within all live cells and of (B) NKTrn cells within all iNKT cells are

shown. Representative data from three independent experiments are shown.
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So far, the expression of only a few surface markers have been reported for
NKTrn cells. In particular, NKTrH cells were shown to be positive for CD185/CXCRS5,
CD272/BTLA, CD278/ICOS, and CD279/PD1, but negative for CD127/IL7Ra (Chang
et al. 2012, King et al. 2012, Sag et al. 2014, Tonti et al. 2012). To improve the
characterization of NKTrn cells, we determined the expression of several additional
surface markers on INKT and NKTru cells six days after the injection of aGalCer
(Figure 14). For some of these experiments the i.v. and i.p. challenge of aGalCer was
performed in parallel. Figure 14 shows the results for those surface markers where a
change following aGalCer was noticed on splenic iINKT cells. For most of these
markers, the route of aGalCer challenge also influenced the extent of the observed
changes (Figure 14). In contrast, no aGalCer-induced differences were observed on
INKT cells for the markers CD11b (integrin aM), CD49b (integrin a.2), CD49d (integrin
a4), CD103 (integrin o.E), and CD335/NKp46 (data not shown).

We next analysed the expression of above surface markers specifically on NKTrn
cells. Interestingly, the expression differences we noticed following the injection of
aGalCer either i.v. or i.p. where only seen on the iINKT cell level, but not when focusing

exclusively on NKTrn cells (Figure 14).
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Figure 14. The phenotype of splenic iINKT and NKTg4 cells following i.v. or i.p. injection of
aGalCer. C57BL/6 mice were left untreated (controls, n=2) or were injected either i.v. (red) or i.p.
(blue) with two pg of aGalCer (n=3). Six days later, splenocytes were stained for iINKT cells (live
CD3e* CD8a"ed CD19"mes CD1d/aGalCer-tetramer* cells) and NKTrn cells (CD185* iNKT cells). (A)
Summary graph for the expression of the indicated markers on iNKT cells. (B, C) Representative
data for the expression of the indicated markers on iNKT cells (B) and NKTrn cells (C). Please note
that the control line in (C) does not represent NKTen cells (as those are absent in control mice), but
rather all iINKT cells from control mice. Representative data from one of two independent

experiments are shown.
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Figure 15. The phenotype of splenic iINKT and NKTr4 cells following i.p. injection of aGalCer.
C57BL/6 mice were left untreated (controls, n=2) or were injected i.p. with two ug of aGalCer
(preinjected, n=3). Six days later, splenocytes were stained for iINKT cells (blue) (live CD3e* CD8a"e9
CD19res CD1d/aGalCer-tetramer* cells) and NKTrn cells (red) (CD185" iNKT cells). (A) Summary
data for the relative percentage of iNKT cells (blue) within all live cells and of NKTr+ cells (red) within
all INKT cells are shown. (B-F) Representative histograms are shown the surface markers of iINKT
and NKTrH cells for (B) CD127; (C) CD278; (D) CD69; (E) CD304; (F) FR4. Representative data
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from two independent experiments are shown.
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Additional to the surface markers, we also analysed the expression of several
transcription factors besides Bcl6, namely PLZF, RORyt, and Tbhet. No changes were
observed for RORyt and Tbet six days after the injection of aGalCer for all INKT cells
or specifically for NKTru cells (data not shown). However, a clear increase in the
expression of PLZF was visible when all INKT cells were analysed, which was more
pronounced after i.v. injection of aGalCer (Figure 16A and 16B). Similar to the
expression of the surface markers (Figure 15), the difference between the i.v. versus

I.p. injected cells were not seen when NKTeH cells were analysed (Figure 16C).
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Figure 16. The expression of PLZF in splenic iNKT and NKTr4 cells following i.v. or i.p.
injection of aGalCer. C57BL/6 mice were left untreated (controls, n=2) or were injected either i.v.
(red) or i.p. (blue) with 2 pug of aGalCer (n=3). Six days later, splenocytes were stained for iNKT cells
(live CD3g* CD8ae9 CD19me9 CD1d/aGalCer-tetramer* cells) and NKTrH cells (CD185* iINKT cells)
and the expression of PLZF was determined by flow cytometry. The expression of PLZF in (A, B) all
iINKT cells and in (C) NKTru cells is shown. The graph in (A) shows a summary graph. The
histograms in (B) and (C) are derived from the same experiment as depicted in (A). For the

histograms the data of the samples from each group were electronically pooled. Representative data

of two independent experiments are shown.
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The frequency of INKT cell subsets under resting conditions differs between
C57BL/6 and BALB/c mice (Lee et al. 2013, Lee et al. 2015, Sag et al. 2014).
Therefore, we wondered if the induction of NKTrH cells following aGalCer challenge
would also differ between these two mouse strains. As shown in figure 17, the
expansion of NKTrw cells, on day six following aGalCer injection, was clearly stronger
in the BALB/c than in the C57BL/6 mice.
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Figure 17. The in vivo expansion of NKTgy cells in C57BL/6 and BALB/c wild-type mice:
C57BL/6 or BALB/c mice were left untreated (controls, n=2) or were injected either i.p. (blue) with
2 nug of aGalCer (n=3). Six days later, splenocytes were stained for iNKT cells (live CD3¢*
CD8a*9 CD19"d CD1d/aGalCer-tetramert cells) and NKTru cells (CD185* iNKT cells). (A)
Summary graph for the frequency of NKTrw cells in the indicated mice. (B) Representative data
for the frequency of CD185* iINKT cells in the indicated mice. Representative data from at least

three independent experiments are shown.
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4.3. The Tissue Distribution of NKTgn Cells

So far, NKTrH cells have been reported following the injection of aGalCer only in
the spleen and the peripheral lymph nodes (Chang et al. 2012, King et al. 2012, Tonti
et al. 2012). Therefore, we determined whether NKTru cells could be also detected in
other organs. As we noticed slight differences in the phenotype of INKT cell in the
spleen following i.p. versus i.v. injection (Figure 14), we decided to compare these two
routes of aGalCer injection side-by-side. To this end, aGalCer was injected either i.v.
or i.p. and six days later the frequency of NKTrn cells was determined in several

organs.

Six days after the injection of aGalCer, the frequency of iNKT cells increased in
some (bone marrow, lung, adipose tissue), but not all (spleen, lymph nodes, liver)
organs (Figure 18A). No statistically significant differences were observed for the
frequency of INKT cells for the application of aGalCer via the i.v. or the i.p. route
(Figure 18A). We next analysed the frequency of NKTrn cells six days after the
injection of aGalCer. A clear population of NKTrn cells was visible above background
(control) in spleen, bone marrow, lung, and the lymph nodes (Figure 18B). In contrast,
preliminary results suggest that NKTrn cells were not or only weakly induced in the
adipose tissue and the liver (Figure 18B). The induction of NKTrx cells was also
influenced by the route of the antigen injection in most (bone marrow, lung, lymph
nodes), but not all (spleen) organs, as we observed more NKTru cells following the i.v.

injection (Figure 18B).

As we noticed differences in the frequency of NKTrn cells in different organs
following i.v. versus i.p. injection (Figure 18), we decided to analyse in detail the
phenotype of NKTrw cells following these two routes of aGalCer injection side-by-side.
To this end, aGalCer was injected either i.v. or i.p. and six days later the phenotype of
NKTrn cells was analysed in several organs via flow cytometry. However, the
expression of most of the tested surface markers (CD44, CD49a, CD95, CD150, and
Slamf6) on NKTrn cells of most of the analysed organs was not impacted by the route
of antigen challenge (Figure 19). To illustrate this point, figure 19 shows a side-by-
side comparison of the expression levels of CD49a (Figure 19A), CD150 (Figure
19B), and Slamf6 (Figure 19C) on all INKT cells and specifically on NKTr+ cells.

62



all iINKT cells NKTFH cells

[ control Hl ip. v
A » 1500 . Az oz oz ] s
3 1
u.—-\.
e
¥ | J
Eé 1000
3
1]
@~ 500 8
a
o
0_ L .
B 3000T—= : 5 = 5
P TR JURTI T L X e
S_
%E 2000 1
58
Eg 1000- 1
o
o
0- ]
Cﬂ1zuo—ﬁﬂjﬁﬁ?- £ = & om =
°©
o
ET
Eg 800+
c =
e - 1
3 400
8
w
o J
@é\ 0'3\ \}(‘Q obe' 4\6& &?‘S 000 o“\ & oée $V‘S Q\é
F &V &9 3 N N 3
=) & ° ) ) & N )
& & & &

Figure 19. Phenotype differences of iINKT and NKTgy cells in various organs following i.v. or
i.p. injection of aGalCer. C57BL/6 mice were left untreated (controls, n=2) or were injected either
i.v. (red) ori.p. (blue) with 2 png of aGalCer (n=3). Six days later, single cell suspensions from spleen,
bone marrow, lung, peripheral lymph nodes (pools of inguinal and axillary lymph node cells),
subcutaneous white adipose tissue (SCWAT), and the visceral white adipose tissue (VWAT) were
stained for iNKT cells (live CD3¢* CD8a"*9 CD19"e¢ CD1d/aGalCer-tetramer* cells) and NKTrn cells
(CD185* iNKT cells). Summary graphs for the expression of (A) CD49a, (B) CD150, and (C) Slamf6
on all INKT cells (left panel) or specifically on NKTrn cells (right panel) are shown. Please note
that in the right panels the control bars were omitted, as NKTrn cells are absent in control mice.

Representative data from one of two independent experiments are shown.
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4.4. The Cytokine Production of NKTrH Cells

So far, it has only been reported that NKTrn cells can produce the cytokine IL-21
(Chang et al., 2011). In order to improve our knowledge on their function, we wanted
to analyse whether NKTrH cells can produce several additional cytokines. Splenocytes
from aGalCer pre-injected and untreated mice were stimulated with PMA and
ionomycin in vitro for four hours in the presence of protein transport inhibitors. This
was followed by the intracellular cytokine and transcription factor staining. However,
the percentage of NKTrn cells, measured as Bcl6é and CD185 double-positive cells,
after the stimulation was significantly lower than in the unstimulated samples (Figure
20A). This was seen in both mouse strains tested, C57BL/6 and BALB/c mice. In
aGalCer pre-injected BALB/c mice, the percentage of NKTru cells in unstimulated
samples was with 32.5% + 2.80% significantly higher than in stimulated samples
(13.1% + 0.8%) (Figure 20A). This was similar for pre-injected C57BL/6 mice, where
the percentage of NKTru cells in unstimulated samples was 7.28% + 0.8%, but in
stimulated samples 2.37% * 0.37%. This reduced frequency of NKTrn cells was
caused by a clear decrease in the expression of both Bcl6 and CD185 after the
stimulation (Figure 20B and 20C). Due to the greatly reduced cell numbers of NKTFH
cells that we could measure after the stimulation, we were not able to obtain conclusive

results on the cytokine production of NKTrH cells.
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Figure 20. The expression of CD185 and Bcl6 in NKTgy cells following in vitro stimulation with
PMA/ionomycin. BALB/c and C57BL/6 mice were injected with 2 ug of aGalCer (n=3). Six days
later, splenocytes were either left untreated (unstimulated) or were stimulated with PMA/ionomycin.
Four hours later, the expression of CD185 and Bcl6 in iNKT cells (live CD3g* CD8a"¢9 CD19neg
CD1d/aGalCer-tetramer* cells) was determined by flow cytometry. (A) Summary graph of the
percentage of NKTru cells (CD185* Bcl6* iNKT cells) in both strains. (B and C) Representative
histograms of the expression of Bcl6 (B) and CD185 (C) in iNKT cells are shown. These sample
were from the same experiment as depicted in (A). Representative data of three independent

experiments are shown.
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4.5. The Relationship of NKTen And NKT10 Cells

4.5.1. The frequency of NKTry and NKT10 cells changes over time following

antigenic stimulation

Four iNKT cell subsets, namely NKT1, NKT2, NKT10 and NKT17 cells, can be
detected in mice in the steady state. Following aGalCer injection, several changes
have been reported. Firstly, Sag and others have reported that aGalCer injection can
expand the frequency of IL-10 producing NKT10 cells (Sag et al., 2014; Figure 21).
Secondly, Chang and others have shown that NKTrH cells arise within five to six days
following aGalCer injection (Chang et al., 2011). As aGalCer injection causes changes
in the frequency of NKT10 and NKTrH cells, we decided to analyse how the percentage
of IL-10 producing NKT10 cells and Bcl6* expressing NKTrn cells changes over time.
For this, C57BL/6 mice were injected i.p. with 4 ug aGalCer and analysed six to eighty-
five days later. To detect NKTrH cells, the transcription factor Bcl6 was measured and
were gated as described in figure 9. As IL-10 production is currently the only way to
identify NKT10 cells, lymphocytes were purified from splenocytes via lymphoprep and
stimulated with PMA/ionomycin for five hours at 37°C to detect cytokine production.
Once INKT cells were gated as described above (Figure 7), NKT10 cells were
identified as IL-10* cells. As shown in figure 21, stimulated iINKT cells from aGalCer
pre-injected mice produced significantly more (18.03% + 1.19%, 0,006) IL-10 than
control iINKT cells (0.14% + 0.007%, 0.105).
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Figure 21. The gating strategy of NKT10 cells in C57BL/6 and BALB/c mice. C57BL/6 or BALB/c
mice were left untreated (controls, n=1) or were pre-injected with two pg of aGalCer (n=3). Then the
samples were either untreated or stimulated with PMA/ionomycin for 4 hours at 37°C. Later,
splenocytes were stained for iINKT cells (live CD3¢* CD8a"¢9 CD19"d CD1d/aGalCer-tetramer*
cells) and NKT10 cells (IL-10* iINKT cells). Representative data for the frequency of IL-10* iINKT cells
in C57BL/6 mice (A, B and C) and in BALB/c mice (D, E and F). (A and D) are control groups in the
indicated mice; (B and E) show the pre-injected mice without in vitro stimulation; (C and F) show
the pre-injected mice with PMA/ionomycin stimulation. Representative data from at least three

independent experiments are shown.
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Figure 22. Time course of the expression of Bcl6 and IL-10 in iNKT cells following aGalCer
injection. C57BL/6 mice were left untreated (day 0) or were injected i.v. with 4 pg of aGalCer. Six to 85
days later, splenocytes were stained for iINKT cells (live CD3¢* CD8a"*9 CD19"¢9 CD1d/aGalCer-tetramer*
cells) and the frequency of either Bcl6* iINKT cells (ex vivo) or of IL-10* iINKT cells (intracellular cytokine
staining after stimulation with PMA/ionomycin for 4h) was determined by flow cytometry. In the summary
graph, each data point displays the average values from one independent experiment with at least two

mice per group.

As shown in figure 22, the percentage of Bcl6* INKT cells reached its peak on
day six after aGalCer injection, rapidly declines thereafter and returned to background
levels within about three weeks. In contrast, the percentage of IL-10* iINKT cells peaked
after one to two weeks and clearly remained elevated over the background levels
throughout the experiment. These data demonstrate that, following the injection of
aGalCer, the NKTrn cell expansion preceded the NKT10 cell expansion (Figure 22).
Due to this kinetic we wondered if these two recently identified INKT cell subsets might
be functionally linked, i.e. whether NKTrH cells could be required precursors for NKT10

cells in vivo.
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4.5.2. The Importance of NKTrx Cells for The Development of NKT10 Cells

To test the hypothesis that NKTru cells are required precursors for NKT10 cells,
we tested the response of INKT cells towards aGalCer injection in mice lacking Bcl6.
Chang and others reported that in mice with a T cell specific deficiency of Bcl6 (Bcl6-
fIx/flx X CD4-Cre mice; Kaji et al., 2012) lacked both Trn cells and NKTru cells,
demonstrating that the transcription factor Bcl6 is required for their development
(Chang et al., 2011). To directly address the requirement of Bcl6 in the development
of NKT10 cells we analysed the presence of NKT10 cells in these Bcl6”- mice. Bcl6™
mice were injected i.v. with aGalCer and the production of IL-10 by iINKT cells was
measured after in vitro stimulation of splenocytes with PMA/ionomycin for five hours at
37°C.

The percentage of IL-10 producing iNKT cells in the Bcl6”- mice was not lower,
but even higher than in the C57BL/6 wild-type mice (Figure 23). These results
demonstrate that NKT10 cells can develop in the absence of Bcl6 and, therefore,
suggest that NKT10 cell development does not depend on NKTr+ cells.
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Figure 23. NKT10 cell expansion after aGalCer does not depend on Bcl6. C57BL/6 (B6 control)
and Bcl6-deficient (Bcl6X®) mice were injected i.v. with four pg of aGalCer and eight weeks later,
splenocytes were stimulation with PMA/ionomycin for 4h, and the frequency of IL-10 in iNKT cells
(live CD3e* CD8a*9 CD19md CD1d/aGalCer-tetramer* cells) was determined by flow cytometry.

Representative data of two independent experiments with at least two mice per group is shown.
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5. DISCUSSION

In this study, we provide a detailed characterization of NKTrn cells. Although
NKTru cells could have important functions in supporting B cell responses during
infections, little information on NKTrw cells has been reported. Here, for the first time,
we defined the impact of antigen administration on the frequency of NKTrn cells in
different organs and how this is influenced by the route of the antigen administration.
Importantly, our data demonstrates that the development of NKT10 cells does not
depend on NKTru cells. Our data suggest that NKT10 and NKTrn cells are two

independent iINKT cell subsets.

So far it has been reported that NKTru cells are positive for CD185/CXCRS5,
CD272/BTLA, CD278/ICOS, and CD279/PD-1, but negative for CD127 (Chang et al.,
2012; King et al., 2012; Tonti et al., 2012; Sag et al., 2014). To improve the
characterization of NKTrn cells, we measured the expression of several additional
surface markers (Figure 15). We next addressed the functionality of NKTrn cells. So
far, IL-21 was the only reported cytokine that NKTrn cells can produce (Chang et al.,
2011). We stimulated splenocytes of aGalCer-preinjected mice in vitro with
PMA/ionomycin in order to induce cytokine production. However, we noticed that the
frequency of NKTrn cells was significantly lower after stimulation compared to the
unstimulated samples. This was due to the downregulation of CD185 and Bcl6, which
are required to identify NKTrn cells. Similar results were seen with splenocytes from
BALB/c and C57BL/6 mice. Therefore, we were not able to measure the cytokine
production of NKTrn cells. The downregulation of CD185 and Bcl6 might also be
happen in vivo during inflammations and that might be a problem for the detection of
NKTrH cells ex vivo during such conditions. To avoid this issue, it would be helpful to
find additional markers, besides CD185 and Bcl6, for the identification of NKTrw cells.
As an alternative approach for this problem, we could use Bcl6 reporter mice (Kaji et
al., 2012) to improve the detection of NKTrn cells in order to analyse their cytokine
production. By sorting of NKTrn cells via the surface marker CD185 we could purify

NKTen cells first in order to analyse then their cytokine production.
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Previous publications on NKTrn cells used different antigen-administration
routes, such as subcutaneous (Tonti et al., 2012), intravenous (Chang et al., 2012,
Sag et al., 2014), or intraperitoneal (Chang et al., 2012, King et al., 2012). Therefore,
we compared whether the route of the antigen administration influences the induction
of NKTrn cells. We described here for the first time that the route of aGalCer challenge
(i.v. vs. i.p.) impacts the expansion and in vivo distribution of NKTrn cells six days later.
Our analysis revealed that the frequency of NKTew cells is higher following the injection
of aGalCer via the i.p. route than the i.v. route. As iNKT cells are activated by APCs,
this may be explained by APCs. It was published that i.p. injection of an antigen could
drain directly to the mesenteric lymph nodes in the peritoneal cavity (Fritz and Waag,
1999). Therefore, the antigen administration from the peritoneal cavity could stimulate
different kinds of APCs or increase the frequency of activated APCs. These activated
APCs may circulate faster from one lymph node to another and could therefore
strengthen the stimulation of INKT cells. Another important implication is the potential
response of NKTrn cells during infections in vivo, as how the pathogen enters the body
should also impact the NKTrn cell induction. In this context, the impact of an injection
of the antigen via the subcutaneous route on the NKTru cell expansion would be
worthwhile to include. Furthermore, it would be of interest to compare the NKTru cell
development following the challenge with different kinds of iINKT cell antigens. As
NKTrn cells can support B cell responses in vivo, such knowledge would be important

to decide the route of administration for therapeutic applications.

Lee and others reported that the frequency of NKT1, NKT2, and NKT17 cells
differs between C57BL/6 and BALB/c mice at the steady state (Lee et al. 2015).
Therefore, we measured the NKTrx cell expansion in these two mouse strains side-
by-side. Our data show that the in vivo frequency of NKTrn cells is significantly higher
in BALB/c than in C57BL/6 mice. This data may be explained by the genetic tendency
of BALB/c mice towards Th2 immune response, like during helminth infections (Mills
et al., 2000). It was reported that Trn cells could differentiate from Th2 cells during
helminths infection (Gladman et al., 2009). It is also known that BALB/c mice have a
higher frequency of NKT2 cells than C57BL/6 mice (Lee et al., 2013). As iNKT cell
subsets mimic CD4* T cell subsets, it might be possible that NKT2 cells could
differentiate into NKTrn cells. Furthermore, this tendency towards Th2 immune

71



response also affects the balance of the cytokine production. This could result in a
different environment, which could also affect the activation of iINKT cells. To clarify

these points, one would need to determine the cellular origin of NKTrH cells.

INKT cell subsets are characterized by the transcription factors they express and
the cytokines they produce (Lee et al., 2013). NKT1, NKT2, NKT10, and NKT17 cells
develop in the thymus at the steady-state (Lee at al., 2013; Birkholz et al., 2015; Sag
et al., 2014; Coquet et al., 2008). However, NKTrn cells arise after immunization. It
was reported that the frequency of NKT10 cells is increased 20 days following aGalCer
injection (Sag et al., 2014). Our data indicates that the expansion of NKT10 cells starts
even earlier. Although, NKTrH cells were more frequent than NKT10 cells first six days
after the injection of aGalCer, a clear increase of NKT10 cells was already visible
(Figure 22). This raised the question of the relationship of NKTrn and NKT10 cells. It
is known that there is plasticity among CD4* T cell subsets, meaning that some CD4*
T cell subsets are able to differentiate into each other under certain conditions (Caza
et al., 2015; Geginat et al., 2014).

As INKT cell subsets mimic CD4* T cell subsets in many aspects of phenotype
and function, it could be argued that NKTrn cells differentiate into NKT210 cells. To test
this hypothesis, we measured the expansion of NKT10 cells in mice in which all T cells
lack Bcl6, the essential transcription factor for the development of NKTrn and Tru cells
(Chang et al., 2012). Surprisingly, our data show that the frequency of IL-10* producing
iINKT cells, i.e. NKT10 cells, was increased in aGalCer pre-injected Bcl6”- mice four
weeks after the injection. This demonstrates that NKT10 cells are independent from
NKTrH cells and that NKTrn cells are not essential precursors for NKT210 cells. Given
the increased frequency of NKT10 cells in the Bcl6”- mice could suggest that NKTrH
cells impair the development of NKT10 cells. However, the T cell-specific Bcl6”- mice
also lack Trn cells and potential other Bcl6-dependent developmental aspects, which
might influence NKT10 cell expansion. To clarify this point, we will test whether in vivo
treatment of wild-type mice with Bcl6 inhibitors would also augment NKT10 cell
differentiation. Such a therapeutic increase of anti-inflammatory NKT10 cells could

provide a new approach for the treatment of e.g. autoimmune diseases.
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6. CONCLUSION

INKT cells are a unique subset of T lymphocytes that phenotypically and functionally
resemble NK cells as well as memory T cells. INKT cells recognize glycolipids and can
be activated by aGalCer. After activation with aGalCer, iNKT cells rapidly produce
cytokines, like IFN-y and IL-4. Similar to CD4* T helper cells, mouse iNKT cells can be
divided into several distinct subsets. One iNKT cell subset, NKTrn cells provide help
for the proliferation of B cells during infection. This study provides new knowledge on
the development and phenotype of NKTrn cells. In particular, we show that the route
of antigen challenge impacts the frequency of NKTrx cells and their in vivo distribution.
This information is important for the development of new vaccination strategies that
target NKTrn cells. Furthermore, we show that NKT210 cells do not depend on NKTFH
cells in vivo. This demonstrates that these two INKT cell subsets are developmentally
independent and can, therefore, be targeted independently, e.g. for therapeutic

interventions.
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