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Abstract

Human Toll-like receptor (TLR) 9 expression and function in

haematological and non-haematological malignancies.
Areej Mashhour Tawfiq Assaf

The toll like receptors (TLRs) are mammalian type I transmembrane proteins that play
an essential role in the activation and regulation of innate and adaptive immunity
through the recognition of specific molecular patterns of pathogens. In humans, ten
TLRs (TLR 1-10) have been identified. Toll-like receptor 9 is expressed in B cells and
plasmacytoid dendritic cells and recognises bacterial and viral DNA and
oligodeoxynucleotides (ODNs) with unmethylated deoxycytosine-deoxyguanosine
(CpG) motifs. Activation via TLR9 is thought to depend on activation of MAPK,
PI3BK/AKT and IxB/NF-xB pathways and leads to cytokine release, upregulation of
immunologically relevant surface markers and increased cellular proliferation. The
immune stimulatory effects of CpG ODNs are being exploited as a novel therapeutic
approach to the treatment of human diseases and tumours.

This thesis addresses the expression and function of human TLR9 in haematological and
non-haematological tumour cells. I have shown that most B linage tumour cell lines
expressed TLR9, with the exception of myeloma cell lines U266, Karpas 707H and the
EBV-lymphoblastoid HMy2 cell line, whereas all non-haematological cell lines tested
were negative or very weakly positive. TLR9 positive B-cells/B-cell lines, responded to
CpG-ODN activation by activating intracellular signalling pathways, cytokine release,
surface marker upregulation and cellular proliferation, whereas TLR9 negative cells did
not.

Data on the ability of pretreatment with low doses of CpG-ODN to induce a refractory
state (tolerance) on Burkitt’s lymphoma BJAB cells indicates that low doses of CpG-
ODN tolerised NF-xB activation and, to some extent, cellular proliferation and surface
marker upregulation. Moreover, reactivating NF-xB on BJAB cells after being tolerised
with low dose of CpG-ODN is time dependent with the tolerising effect lasting up to
two weeks after a single dose of CpG-ODN.

Finally, inhibiting the signalling pathways (ERK, p38™4F¥, PI3K/AKT and NF-kB) with
selective inhibitors U0126, SB203580, L.Y294002 and Curcumin respectively, has
shown different effects on basal and CpG-ODN activated surface marker expression,
cellular proliferation and cytokine release. Furthermore, different signalling pathways
mediate different functional effects of CpG-ODN/TLR9 activation, and suggest that
ERK and p38 MAPK pathways are involved in CpG-ODN mediated NF-kB activation.
This work should shed a new light on the mechanisms of action of CpG activation on
TLR9 signalling in immune and non-immune cells and on its immunotherapeutic use in
the treatment of cancer.
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CHAPTER ONE
General introduction

" 1.1 The Immune System:

The immune system, the body’s line of defence, is a collection of cells and tissues
distributed throughout the body, collectively referred to as lymphoid tissues, protecting
the body from any invading pathogen. Lymphoid tissues are either primary lymphoid
organs, such as the bone marrow and thymus, where lymphocytes develop from
lymphoid stem cells and then enter the circulation, or secondary lymphoid organs and
tissues, such as lymph nodes, where lymphocytes are most active in defending the body

against diseases.

Self/non-self discrimination is an important aspect within the immune system. This
ability to distinguish self from non-self is very important for protecting the body from
the invading pathogens and in eliminating modified or altered cells (e.g. malignant
cells), whilst not attacking the bodies own normal cells and tissues. Pathogens can
replicate intracellularly (parasites, viruses and some bacteria) or extracellularly
(parasites, fungi and most bacteria), requiring different strategies for immunological

targeting.

Upon the exposure to a pathogen, two complementary systems are activated, the innate
and the adaptive immune systems. The adaptive immune system is a highly
sophisticated response that is organised by two classes of specialised cells, namely B
and T lymphocytes. It expresses remarkable diversity of receptors, which specifically
target the invading organism, and by providing an immunological memory that prevents
the infection from repetition. The secondary lymphoid organs, such as the spleen and
lymph nodes, are the home for the circulating B and T lymphocytes, which re-circulate
between the lymphoid tissues and the blood and lymph. In these locations, "naive"
lymphocytes scan for the presence of antigens. B cells develop in the bone marrow,
which is considered a primary lymphoid organ, but it also acts as a secondary organ
because of the presence of antibody-secreting plasma cells. T lymphocytes develop in
the thymus from precursor cells produced by the bone marrow. Dendritic cells present in
the peripheral tissues pick up pathogens in the form of antigenic determinants during

infection, and migrate to the lymphoid tissues carrying the antigens with them. Then,
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these antigens will be processed and presented to T lymphocytes within the lymphoid
tissues. The appropriate T lymphocytes respond to the antigen by either killing the
infected cells directly, or secreting cytokine mediators. The latter may facilitate an
antigen-specific B lymphocyte response, leading to humoral immunity by the secretion
of antibody specific for the pathogen, and production of memory B-cells. However, it
takes three to five days for sufficient numbers of T and B cell clones of antigen-specific
lymphocytes to be produced and to differentiate into effector cells, allowing enough time
for most of the pathogens to damage the host. Hence, the need for innate immune
mechanisms, which act against the invading organisms from the time of infection
without a lag phase.
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Figure 1.1 Lymphocyte subsets in the human leukocytes and their functions.

T cells recognise the non-self target, such as pathogens, as antigen-derived peptides
coupled to the major histocompatibility complex (MHC) molecules, leading to the
production of killer or helper T cells. Killer T cells recognise the antigens coupled to
class I MHC molecules, while helper T cells recognise antigen associated with class II
MHC molecules. Helper T cells control the immune response by directing others to kill
the infected cells or organisms. The activation of helper T cells triggers the release of
cytokines such as interleukin-2 (IL-2), IL-4, IL-5, IL-6, or interferon gamma (IFN-y)
that influence the activity of many cell types, in addition to the upregulation of
molecules expressed on the T cell’s surface and stimulation of B cell proliferation and

differentiation into antibody secreting B cells (Figure 1.1).

In contrast to adaptive immunity, the innate immune recognition is mediated by a set of

germline encoded, non-clonal receptors that recognise conserved pathogen associated



molecular patterns (PAMPs), referred to as pattern recognition receptors (PRR). Innate
immunity involves both cells such as phagocytes, and soluble factors such as
antimicrobial peptides and the complement pathway. Innate immune mechanisms will be
activated immediately after the infection to control the infecting pathogen’s replication
until the lymphocytes can begin to deal with that infection. Unlike the adaptive
immunity, the innate immunity is not antigen—specific, and does not exhibit memory or

lasting protective immunity, and there is a limited selection of recognition molecules.

The innate immune system protects the body by rapidly detecting the infectious agent,
regardless of its type, based on the profile of PAMPS exposed. It categorises the type of
those invading agents as to whether they are located extracellularly or intracellularly and
by the nature of the PAMPs expressed. Depending on the type of infection, distinct
subsets of innate immune cells produce the appropriate cytokines and chemokines to
limit the spread of the infection and activate the appropriate adaptive immune response
to eliminate the infection and prevent its recurrence. Adaptive immunity is influenced by
the production of helper T (Ty) cell subsets and their resulting production of “effector”
cytokines. Stimulated naive Ty cells differentiate into effector cells that promote either
cell-mediated immune response (Tyl-type response), or humoral (antibody-mediated)
immune response (Ty2-type response), working together to mount an appropriate
defence. The balance between them is modulated by chemical messengers, the
cytokines. Tyl cytokines such as IL-2, IFN-y, and IL-12 stimulate the cell-mediated
response and suppress the humoral response. Ty2 cytokines, such as IL-10, IL-6 and IL-
4, stimulate the humoral response and suppress the cell-mediated response. For
extracellular pathogens, pro-inflammatory cytokines such as tumour-necrosis factors—a
(TNF-a)) will be produced, whereas, mainly type-I interferons are produced in case of

the intracellular pathogens.

The innate immune system detects the invading pathogen by using one or more
members of several general families of PRRs on innate cells that detect PAMPS on
pathogens. PRRs include the toll like receptors (TLRs), Nucleotide-binding
oligomerization domain (NOD), Retinoic acid—inducible protein 1 (RIG1), mannose
receptor and C-type lectins such as dendritic cell-specific intracellular adhesion

molecule 3 — grabbing non—integrin (DC-SIGN).



The best understood family of PRRs is the Toll like receptors, that recognise distinct
PAMPs and result in the upregulation of cell surface molecules and cytokine/chemokine
mediators, directing innate as well as acquired immune response (Schnare M et al.,

2001; Underhill DM et al.; 2002; Vasselon T et al., 2002).

1.2 Toll like Receptors:

In 1997, Medzhitov and colleagues characterized a human homologue ofthe Drosophila
Toll protein that is able to induce an immune response. This human protein was similar
to the Drosophila Toll protein and the human interleukin-1 receptor, and so it was
known as Toll Like receptor (TLR). Since then, a family of mammalian toll-like
receptors has been identified that constitutes one of the first lines of defence in the body
against invading pathogens. Upon their activation by the specific components of the
microbes, they play a crucial role in the function of'the innate immune system. TLRs are
germline-encoded immunoreceptors that are essential sensors in detecting and
responding to a broad diversity of invading microbial and viral pathogens (Takeda K et
al., 2003). They respond by detecting bacterial cell wall components and pathogen-
derived nucleic acids, triggering immune responses at both the innate and adaptive

levels.

Toll-like receptors are type I transmembrane (TM) proteins. They are composed of an
N-terminal signal peptide extracellular domain, which contains leucine-rich repeats
involved in recognising the ligands (PAMPs). Also, TLRs contain a transmembrane
domain and a cytoplasmic domain, which is largely made up of the (TIR) Toll-
interleukin 1 receptor-resistance domain (Toll/IL-1) that is required for the downstream
signalling (Figure 1.2) (Akira S 2001; Medzhitov R et al., 2001).

Toll/IL-iR superfamily

IL-1 receptor Toll-like receptor
family family

Ig superfamily Leucinerich
domain \ domain
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IL-IRAcP
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Figure 1.2: Toll like receptor’s structure compared with the interleukin I (IL-1) receptor family.



In mammals, the well conserved TLR family is presently known to consist of 11
members, at least 10 members of which are expressed in humans (Rock FL et al., 1998;
Du X et al., 2000; Hemmi H et al., 2000; Akira S et al., 2003) (Figure 1.3). The Toll-
like receptors (TLR1, TLR2, TLR4, TLRS and TLR6) that distinguish fungal and
bacterial membrane constituents, are confined on the plasma membrane and can be
recruited to phagosomes, whereas those that recognise viral and bacterial nucleic acid
(TLR3, TLR7, TLR9 and to some extent TLR8) are allocated intracellularly to the
membranes of the endosomal compartment (Latz E et al., 2004a; Latz E et al., 2004b;
O’Neill LA 2004) (Figure 1.3). These receptors are expressed on a large number of
immune cells as well as some epithelial cells, playing a crucial role in the activation of
the innate immune response to the invading microbial pathogens (Muzio M et al., 2000).
The surface expression of TLRs measured by monoclonal antibodies showed a very low
level of expression. This would correspond to a few thousand molecules per cell in
monocytes, whilst only a few hundred or less in immature dendritic cells (Visintin A et
al., 2001). On the other hand, the expression of those receptors is modulated in response
to different stimuli, such as dsRNA for TLR3 and lipopolysaccharides for TLR4 (Cario
E et al., 2000; Akira S ef al., 2003), and it is observed in other cells such as intestinal

epithelial cells, vascular endothelial cells, and cardiac myocytes.

The family of human toll like receptors (hTLRs) recognise distinct PAMPs (Figure 1.3),
such as lipoproteins (TLR 1, 2 & 6), dsRNA (TLR3), lipopolysaccharides (LPS)
(TLR4), flagellin (TLRS), single stranded RNA, synthetic imidazoquinolines and
loxoribine (TLR 7&8) and unmethylated CpG oligodinucleotides (TLR9) (Cario E et al.,
2000; Akira S et al., 2003). The interaction of the TLR and its PAMP ligand initiates an
intracellular signal, which leads to the production of different chemical mediators and
the upregulation of immunologically relevant surface markers. This would direct the
innate as well as the acquired immune responses in the activated cells (Iwasaki A et al.,
2004; Ishii KJ et al., 2005). The main characteristics that differentiate individual TLRs
are expression profiles, subcellular localisation, ligand recognition, and signalling

pathways activated.
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Figure 1.3. TLRs 1-9 and their PAMPs. (www.fz-borstel.de/en/research/icb/ni/index.htm).

Although TLRs are known to be transmembrane proteins, only those (TLRI1, TLR2,
TLR4, TLRS and TLR6) which recognise the unique molecular structures of fungal and
bacterial cells are localised on the plasma membrane, from where they could be taken to
the phagosomes. However, those TLRs (TLR3, TLR7 & TLR9) which recognise viral
and bacterial nucleic acids are intracellularly localised (Funami K et al., 2004; Latz E et
al., 2004b; Leifer CA et al., 2004; Kajita E et al., 2006). The location of these receptors
is thought to be an important factor in determining their ability to mount the innate
immune responses to such known diversity of pathogenic microorganisms. The
activation of TLRs, in general, results in the stimulation of the innate immune response,
including upregulation of immunologically relevant surface markers, increase cell
proliferation and cytokine/chemokine release (Akira S et al.,, 2001). Figure 1.4 illustrates
the TLRs ligands and the different innate immune responses induced by the activation of

each TLR with its specific ligand.
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Figure 1.4. The immunostimulatory effects of the Toll-Like Receptors. (Nova screen Biosciences

Corporation).

TLR members are differentially expressed on immunological and non-immunological
cells. The cells of the innate immune system express different types of the TLRs. Most
of the TLRs (except TLR3) are known to be expressed in monocytes-macrophages,
whereas B-cells express all TLRs except TLR3 and TLR8 (Homung V et al, 2002;
Brouke E ef al,, 2003; Dasari P et al., 2005). TLR3 has been found to be expressed in
neutrophils, T cells, natural killer cells, and immature dendritic cells (Dasari P et al.,
2005). Furthermore, TLRs were found to be expressed by some non-immune cells such
as airway smooth muscle cells which significantly express all TLRs, human corneal
cells which express TLR4, and the epithelial cells ofthe lower female genital tract which
showed a high expression level of TLR 2, 3, 5 and 6 (Song PI ez al., 2001; Zarember KA
et al., 2002; Funami K et al., 2004; Droemann D et al., 2005; Sukkar MB et al., 2006;
Herbst-Kralovetz MM et al., 2008). Importantly in humans, mature dendritic cell (DC)
and its precursors (pre-DC), including monocytes (pre-DC 1), plasmacytoid DC
precursors (pre-DC2), and CD1 Ic+immature DCs (imDCs), were found to express most
TLRs (Kadowaki N et al, 2001; Visintin A et al., 2001; Dasari et al., 2005). Visintin A
et al., (2001) reported that human monocytes express all TLRs except TLR3, and TLRs
1-4 & 6 are expressed in immature DCs whereas mature DC express only TLR1 and 6.
In 2003, Bourke E and colleagues reported the expression of TLRs 1, 6, 7, 9 and 10 on
8



plasmacytoid dendritic cells (pDC). The activation of DC and its precursors would
produce chemokines and cytokines upon TLR activation. For example, the activation of
TLR2 and 4 in monocytes produce TNF-a and IL-6 while the activation of TLRY in
pDC is responsible for the production ofthe high level oftype IIFN (IFN-a and IFN-p),
(Akira S et al., 2001; Kadowaki N et al., 2001; Iwasaki A et al., 2004; Dasari et al.,

2005) influencing the subsequent adaptive immune response.

1.3 Toll like receptor 9 (TLRY):

Amongst the ten Toll-like receptors expressed in human cells, TLRY receives growing
attention due to its involvement in cancer studies, autoimmune diseases as well as in
immunomodulatory therapeutic strategies (Klinman DM. 2004). The TLR9 gene
contains an open reading frame that was identified in a search of the human genomic
DNA database with a Human Genome Blast program
(http://www.ncbi.nlm.nih.gov/BLAST/), and its gene has been found to be localised on

chromosome 3p21.3 with accession number NT-001625 (Figure 1.5). Human TLR9

contains 1032 amino acid residues with a calculated molecular weight of 115.9 kDa.
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Figure 1.5. The amino acid sequence of human TLR9. The predicted signal peptide residues 818-835 is

shown in blue and underlined. (http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=20302169).
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TLRY shares significant homology with the other TLR members, including putative
intracellular/extracellular and transmembrane domain sequences (Du X et al., 2000,

Hemmi H et al., 2000).

1.3.1 TLRY expressing cells:

It is expected that each TLR is capable of detecting its specific ligand depending on its
unique pattern of cellular and tissue expression. TLRs, in general, are expressed in
many tissues, except for TLR9 which is expressed in limited number of human cells.
Furthermore, TLR9 expression varies between species; in mice, it is expressed in pDC
and B cells as in humans, but also in monocytes/macrophages and myeloid dendritic
cells (mDC) (Iwasaki A et al., 2004). Resting human immune cells, B cells and
plasmacytoid dendritic (pDC) cells are the main expressing cells for TLR9 whereas
resting macrophages do not express TLR9 in humans (Kadowaki N et al., 2001; Krug
Aetal.,2001; Hornung V et al., 2002; Dasari P et al., 2005; Vollmer J 2005; Hoene et
al., 2006). Some studies have reported human TLR9 expression in other immune cells
such as activated neutrophils (Hayashi F et al., 2003) and in some natural killer (NK)
cells (Roda J et al., 2005), and also in eosinophils and T lymphocytes (Nagase H et al.,
2003; Homung V et al., 2002). On the other hand, Hornung V et al., 2002 reported
that monocytes, NK cells, and T cells express low hTLR9 level, but they do not
respond to CpG activation. Other studies have reported TLR9 expression in other
human cell types, such as pulmonary epithelial cells and lung cancer, airway smooth
muscles, keratinocytes and intestinal epithelial cells (Pedersen G et al., 2005, Platz J et
al., 2004, Chuang TH et al., 2000, Zarember KA et al., 2002, Lebre M et al., 2007 and
Droemann D et al., 2005). TLR9 expression and localisation is very important for the
induction of the immune response upon their recognition and activation with CpG

DNA motif.

1.3.2 TLRY localisation:

Several members of the TLR family are expressed on the plasma membrane of cells
(Leifer CA et al., 2004). The nature and cellular localisation of TLR9 in primary
human cells remain controversial; it is mainly accepted to be intracellularly expressed.
However, it may also be on cell membrane in certain circumstances (Eaton-Bassiri A
et al., 2004; Leifer CA et al., 2004). TLRO is primarily an endosomal protein detecting
CpG-DNA ligands only as these compounds become internalised (Cunningham-
Rundles C et al., 2006). Most of the literature (Latz E et al., 2004b; Leifer CA et al.,
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2004) found that the majority of human TLR9 was expressed intracellularly. Several
independent studies had shown that TLR9Y is localised in late endosome or lysosomes,
where it recognises double stranded unmethylated CpG motifs (CpG DNA) (Hemmi H
et al., 2000; Latz E et al., 2004a; Latz E et al., 2000b; Leifer CA et al., 2004).
However, a recent study showed that TLR9 can also appear on the cell surface of some

tonsillar lymphocytes, especially after LPS activation (Eaton-Bassiri A et al., 2004).

The immune response induced by the stimulation of TLR9 depends on the type of the
cells TLR9 is expressed in, and the nature of TLR9 ligand required for this
stimulation. Although the localisation of TLR9 in the immune cell seems to be
important for the immune response induction, no clear data shows its importance for
the function of the receptor. However, knowing that all TLRs that share specificity for
nucleic acids are located predominantly intracellularly strongly indicates that the
localisation might be related to the recognition of the ligand’s type. This is revealed in
TLRY as it recognises viral or bacterial DNA, but not (normally) mammalian DNA
(Funami K et al., 2004, Kajita E et al., 2006, Latz E et al., 2004a and Leifer CA et al.,
2004). On the other hand, Barton GM. and colleagues (2006) found that surface
expression of TLR9 did not alter or change the ability of the receptors to recognize
CpG DNA, but it gained the ability to recognise mammalian DNA, indicating that
TLRY intracellular localisation mostly controls the access of the receptor to CpG
DNA. In previous studies done by Latz group (Latz E et al., 2004a; Latz E et al.,
2004b), TLR9 was found to be initially localised in the endoplasmic reticulum (ER).
The activation of TLR9 requires its specific agonist (CpG motif) to be internalised via
a clathrin-dependent endocytic pathway before rapidly moving to a tubular lysosomal
compartment. Also, endosomal maturation is thought to be essential for the
immunostimulatory activity (Latz E et al., 2004b). In lymphocytes, this uptake is
energy and temperature dependent and is greatly increased by cell activation (Krieg
AM 2006). In the absence of CpG DNA, TLR9 is kept in the ER, but upon CpG DNA
uptake it gains access to the incoming endosomes that contain CpG DNA by directly
fusing ER with the endosome (Latz E et al., 2004b; Leifer C et al., 2004). Ishii and
colleagues reported the involvement of phosphatidylinositol 3 kinase [PI3]-kinases
(PI3K) in the vesicular uptake of CpG DNA and its contribution with the endosomal
maturation (Ishii K et al., 2002). After CpG DNA internalisation, it will bind to TLR9

and upon their binding it will rapidly recruit and activate the adaptor molecule,
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myeloid differentiation factor, MyD88 through their binding with Toll/IL-1 receptor

(TIR) domains to trigger downstream signalling pathways (Wesche et al., 1997,
Hacker H et al., 2000; Nejad A et al., 2002; Latz E et al., 2004b).

Subcellular mislocalisation of TLRs may cause dysregulation of the immune response.
As aresult, their ability to bind to the specific ligands would be affected by either lack

of accessibility or over exposure to others.

1.4 TLRO ligands:
TLR9 recognizes 2 -deoxyribo (cytidine-phosphate-guanosine) (CpG) dinucleotides that

are not found in vertebrate DNA, but are present at relatively high frequency in bacterial
DNA and many viruses, as they are not methylated at C5 of the cytosine base in bacteria
and viruses (Krieg A ef al., 1995). In 1995, CpG DNA motif was described. Five years
later, TLR9 was recognised as the targets of the CpG motif containing DNA. Genomic
DNA of vertebrates contains highly methylated cytosine (~70-80%) of the CpG DNA,
does not normally induce an immune response, possibly because they have reduced
numbers of stimulatory CpG motifs (about five-fold from the expected frequency), are
methylated, their uptake into immune cells is inefficient, and they contain a higher
frequency of inhibitory DNA motifs (Krieg AM 2002b; Stacey K et al., 2003). Native
DNA has a phosphodiester backbone that can easily be degraded by nucleases.
However, mammalian self-CpG DNA was found to activate TLR9 in some autoimmune
diseases such as systemic lupus erythematosus (SLE) (Yung RL et al., 1995; Richardson
B, 2003; Viglianti GA et al., 2003). In 2000, Akira’s group reported the signal
transducing receptor for CpG DNA to be the TLR9 glycoprotein (Hemmi H et al.,
2000). Bacterial/Viral CpG DNA has been described and characterized for the presence
of unmethylated deoxycytidyl-deoxyguanosine dinucleotide CpG DNA and its

activation via TLRY, but it was expensive and difficult to produce.

1.5 CpG-Oligodeoxydinucleotide (ODN):

In order to make stable TLRO agonists, scientists made synthetic, single stranded
hypomethylated oligodeoxynucleotides (CpG-ODN) that have a nuclease-resistant
phosphorothioate (PS) backbone (Humans: GTCGTT; Mice: GACGTT) (Figure 1.6).
The synthetic CpG-ODNs are mostly of 18 to 25 nucleotides and frequently contain
more than one CpG motif. Studies done on CpG DNA showed its stimulatory effect on
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B-cells, natural killer cells, dendritic cells and monocytes/macrophages in mice. This
effect was the same with the synthetic ODN form, but it was found to depend to a great
degree on the precise bases flanking the CpG dinucleotide, ODN backbone and the
number of CpG motifs (Krieg AM 1999).

,nh2

NH NH

(¢} 3

PO backbone i PS backbone '

Figure 1.6. Backbones ofnative phosphodiester (PO) (CpG DNA) and modified PS DNA (CpG-
ODN) (Krieg, AM 2007).

The immunostimulatory effects of synthetic CpG-ODN products encouraged scientists
to develop TLRY agonist motifs that can be used for the treatment of cancer, infectious
diseases, asthma and allergies. In this context, several studies have been done using the
CpG-ODN as an immunotherapeutic agent that promotes THI- T-cell immune responses
and prominent release of IFN-y, IL-12, and IL-18 (Klinman D et al., 1996; Vollmer J
2005).

1.5.1 Types of CpG-ODN:

Several reports have categorized CpG-containing immunostimulatory ODNs into two
major groups that are distinguishable based on their ability to provoke the unique
cellular response and their distinct activity on plasmacytoid dendritic cells (Krieg AM
2002b). The two major groups differ in the nucleotide backbone composition and have
specific sequence variations which are the main reasons for their functional variances.
The first one is known as CpG-A ODN and was identified by A. Krieg (Wellesley,
MA, USA), G. Hartmann (Munich, Germany) and colleagues; they are also termed as
CpG-D ODNs by D. Klinman (Bethesda, MD, USA) and colleagues. This class
contains mixed phosphodiester-phosphorothioate backbones and a single hexameric
purine-pyrimidine-CG-purine-pyrimidine motif, capped at each end by a

phosphorothioate poly G tail (Verthelyi D et al., 2001). It was found to induce weak
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activation of B-cells, but strongly induced IFN-o by pDC in addition to high level
induction of natural killer cell activation (Krug et al., 2001; Krieg AM 2001; Verthelyi
etal.,2001).

The second class was termed by Krieg, Hartmann and colleagues as CpG-B ODNs
(Hartmann G and Krieg AM 2000) and by Klinman and colleagues as CpG-K ODNs
(Klinman D et al., 1996). Active CpG-ODNs type B are composed of multiple TCGTT
and/or TCGTA motifs on a phosphorothioate backbone (Hartmann G et al., 2000;
Liang H et al., 2000). It is a very potent Ty2 adjuvant with anti-tumour activity. It
stimulates high levels of B-lymphocyte activation leading to cellular proliferation,
secretion of cytokines and IgM, and induces monocytes/dendritic cells to produce the
proinflammatory cytokine IL-6, but they showed low levels of expression of IFN-a
(Krieg AM 2001; Verthelyi et al., 2001; Gursel M et al., 2002).

Additional differences were described in the in vitro effects of CpG-A and CpG-B
ODNs on human immune cells. CpG-B ODNs act on pDCs to promote TNF-a and IL-
8 secretion, increased survival and maturation (defined by upregulation of CD8O0,
CD86 and MHC II), but low and transient secretion of type I interferon (IFN-y)
(Kerkmann M et al., 2003). Whereas, CpG-ODN type A was found to trigger limited
pDC maturation, but sustained high level of IFN-o/f which in turn mediates DCs
maturation (Krug et al., 2001; Kerkmann M et al., 2003). This type of CpG-ODN,
also, was not able to stimulate B cells directly (Krug et al., 2001). Furthermore, the
response of monocytes to these two types of ODNs was particularly informative. CpG-
ODN type-B triggers monocytes to proliferate and secrete IL-6, whereas CpG-ODN
type-A stimulated them to differentiate into dendritic antigen-presenting cells (APCs).
When both types are mixed, a cross inhibition occurred by inhibiting another’s effects
on monocytes (Giirsel M et al., 2002). Cells from TLR9-deficient mice and Hek293
human embryonic kidney tumour cells expressed a nonresponsive phenotype to CpG-

DNA type-B (Bauer S et al., 2001).

In 2003, Marshall JD and colleagues identified a third class of CpG-ODN, named as
CpG-ODN type-C, that contains a complete phosphorothioate backbone and a CpG
containing palindromic motif. This ODN effectively stimulated B cells to proliferate,
secrete cytokines, express costimulatory antigens and induced strong IFN-a

production. In addition, it specifically activated pDCs to undergo maturation and
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secrete cytokines, including very high levels of IFN-a (Marshall JD et al., 2003). CpG-
ODN type-C has a combined feature of both types A and B. Table 1.1 summarise the
three different CpG-ODN classes identified (Class A, Class B and Class C). It shows

an example and its sequence for each class, structural features and immune effects as

described by Krieg AM (2007).
Classes of CpG ODN
ODN class Example ODN Struciural features Iimmune effects
A-class GGgooacgaeglcoGGGGE Poly G region at the 3' and/or 5' ends; Induces exceptionally strong pDC
(for iFN-at inducing;  (also known as ODN 2216) usually with a few PS-modified IFN-a secretion and moderate
also calied D-type) internucleotide linkages at the 5’ and exprassion of costimulatory
3’ ends for nuclease resistance, but molecules
the center portion of the ODN with Induces very littie B cell
the CpG meotif(s) must be PO activation
B-class TCGTCGTTTTGTCETTTTGTCGTT Fully PS-modified backbons, no major Induces very strong B cell
(for B cell-activating;  (also known as CPG 7909 secondary structure; most proliferation and differentiation
also catled K-type) and PF-3512676) important CpG motif for activating Induces pDC expression of
human TLRY is at the 5" end costimulatory molecules and
modest IFN-a secretion
C-class TCGTCBTTTTCGGCGCGCGCCE Fully PS-modified backbone, 1 or more Induces strong B cell proliferation
(for combined (also known as ODN 2395) 5' CpG motifs; self-complementary and differentiation
activities) palindrome in middle or 3' end Induces pDC IFN-c secretion
enables formation of duplex or and expression of
hairpin secondary structure costimulatory molecule

Capital letiers in ODN sequencas indicate 3’ PS intemuclectide linkage; lower-case letters in ODN sequences indicate 3' PO intemucleotide linkage; under-
fining indicates self-complementary palindromes; bold letters indicate CpG motifs thought to contribute the most to immune stimulation. PO, phogphodiester.

Table 1.1.Different classes of CpG ODN. (Krieg AM. 2007).
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Type of immunostimulatory DNA Primary target ceil

TCGTCGNNNGTCGTTNNN
(a) K/B-type CpG DNA

GGnnnatcgatnnrtgggGG
(b) D/A-type CpG DNA

JW U

(c¢) Ds B-torm DNA

Non-immune cell
(e.g. fibroblast)

Primary activation Secondary activation Adaptive immune response

Polyclonal activation

TeM, IL-6, chemokines B 1 1gG2a

IFNy

IL-12, iFNot, IFNy
APC function
NK-like killing <NK> NKKilling, IFNy

IFNa, CD40L © Killing

IL-12. IL-15
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IFNa, p chemokines C ™ > A ©
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IFNp, IL-6, NO
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Figure 1.7. Innate and adaptive immune regulation by the different types of CpG oligodeoxynucleotides

(ODNs). (Ishii K et al., 2006).

Figure 1.7 illustrates the differential activity induced by the three types of CpG-ODN:ss.

It shows both types A and B stimulating pDC to produce type I IFNs, while CpG-

ODN type-B, but not type-A activating B cells to proliferate and produce cytokines

and immunoglobulins. Type-C activates both cell types (pDC and B-cells), but to a

lesser extent than type A or type B alone (Ishii K et al., 2006).

As a conclusion, working with B-lymphocytes requires CpG-ODN type-B for the best
activation. The type-B, CpG motif 2006 (5°- TCG TCG TTT TGT CGT TTT GTC

GTT -3’ (24 mer)) oligo-nucleotide was identified and developed (Hartmann G. and
Krieg AM. 2000). 2006 CpG-ODN is the most popular type-B product to have the

significant stimulatory response, and hence has been used in the majority of studies to
activate human B-cells (Jahrsdorfer B et al., 2005, Vollmer J et al., 2004a, Krieg AM
2002a; Krieg AM 2002b; Latz E et al., 2004a).
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CpG 10103 is another form of CpG class B which acts through the TLR9 receptor
present in B-cells and pDC, potently stimulates human B-cell upregulation of
immunologically relevant surface markers, increased cellular proliferation, activation
of MAPK and NF-xB pathways and cytokine release. CpG-ODN 10103 is closely
related to CpG-ODN 2006, differing only in one oligo-nucleotide (C replacing T).
CpG-ODN 10103 (TCG TCG TTT CGT CGT TIT GTC GTT) with a full
phosphorothioate backbone, CpG-ODN 10103 was purchased from Coley
Pharmaceutical Group (Wellesley, MA) and used in this study. Control ODN have also
been designed not to activate TLR9. They have the same sequence as their stimulatory
counterparts, but they contain GpC dinucleotides in place of CpG dinucleotides. ODN
2137 (TGC TGC TTT TGT GCT TTT GTG CTT) is the control for CpG-ODN 2006
and so also for CpG-ODN 10103, but it was shown to activate PBMCs due to the
presence of a non-CpG immunostimulatory sequence (Bartz H et al., 2004; Vollmer J
et al., 2004a). The same activating effects were seen while working with this ODN
2137 (CpG control of CpG 2006 and 10103) when compared with CpG 10103 immune
mediating responses in preliminary studies in this project. For this reason, ODN 2137
was not used as a CpG control throughout this work, and the CpG-ODN activated cell

responses were compared with the resting cell responses.

1.5.2 Specific cellular responses to CpG-ODN:

1.5.2.1 TLRY dependent responses:

Most types of immune cells do not express TLR9 and they have been found not to be
activated by TLR9 agonist, CpG-ODN. Cellular responses to bacterial DNA and
synthetic oligodeoxynucleotide containing unmethylated CpG-dinucleotides (CpG-
ODN) were found to be directly related to activation of TLR9 expressed in those
immune cells. In humans, TLR9 expression is thought to be functional in resting B
lymphocytes and pDCs. TLR9 expression was found in other non-resting cells such
as activated neutrophils (Hayashi F et al., 2003), some natural killer cells (Roda J et
al., 2005) and in a low level in pulmonary epithelial cells (Platz J et al., 2004) in
addition to other non-immune cells. As the level of the expressed TLR9 was variable
on those cells, CpG-ODN mediated responses were variable too. In some cells, CpG-
ODN required the presence of other factors to stimulate its activation. In neutrophils,
the response to CpG-ODN required Granulocyte-Macrophage Colony-Stimulating
Factor (GM-CSF) pretreatment (Hayashi F et al., 2003). Moreover, IFN-7 treatment
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significantly increased both TLR9 mRNA expression and CpG DNA responsiveness
of human PBMC (Takeshita F et al., 2001). In contrast, the low expression level of
TLR9 mRNA in pulmonary epithelial cells seems not to be significantly regulated by
IFN-Y (Platz J et al., 2004). Moreover, NK cells express low levels of TLR9 mRNA
(Hournung V et al., 2002) and respond to CpG-ODN activation, but their response to
produce IFN-y after CpG-ODN activation was negligible. However, CpG-ODN
mediated IFN-y production in NK cells was enhanced in the presence of Ab-coated
tumour cells (Roda J er al., 2005). In conclusion, CpG-ODN mediated response is
dependent on the presence and level of TLR9 expression. Indeed, this supports the
CpG-ODN non-responsiveness in TLR9 negative cells whereas, in TLR9 negative
cells transfected with human TLR9 gene, CpG-ODN responsiveness was
reconstituted (Bauer S et al., 2001; Takeshita F et al., 2001; Chuang T et al., 2002).

TLRY9-mediated B-cell activation:

CpG-ODN mediates responses that vary depending on cell type. In general, the
activation of TLR9 expressing cells with CpG-ODN enhanced the secretion of
some cytokines such as interleukin-1p (IL-1pB), IL-6, IL-12, IL- 18, TNF-a, IFN-a,
and IFN-y that promote acquired immunity (Klinman D ef al., 1996; Yi A et al.,
1996; Kamstrup S et al., 2001). CpG-ODN/TLRY activation of B cells enhances
immunoglobulin production (IgM), and the expression of costimulatory molecules
(CD80 and CD86) and molecules involved in B-cell/T-cell interaction expressed
on B-lymphocytes (MHC class II and CD54). Furthermore, CpG-ODN activated
B-cells become resistant to apoptosis by increasing their cellular proliferation
(Krieg A et al., 1995; Klinman D et al., 1996; Decker T et al., 2000a; Decker T et
al., 2000b; Hartmann, G et al., 2000; Jahrsdorfer B et al., 2001; Verthelyi et al.,
2001; Henault M et al., 2005).

CpG-ODN/TLRY activation in B cells triggers the induction of Ty2-like pattern of
cytokines such as IL-6, IL-10 and TNF-a which are known to have direct or
indirect anti-tumor effects (Klinman D et al., 1996; Henault M et al., 2005). Figure
1.8 illustrates some of the CpG DNA induced immune responses in the different
cells expressing TLR9. In B-cells it shows the enhancing effect of CpG DNA to
induce cellular proliferation, surface marker upregulation, immunoglobulin

production and Ty2-like cytokines release. Whereas, NK cells,
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monocytes/macrophages and DCs activation enhances THI and Tn2-like cytokine

secretion, in addition to surface marker upregulation (Krieg AM 2001).

TNF«
IFN-a
Monocytes
Macrophages
Dendritic cells Secrete
L1,
IL-6,
RANTES,
IL-6, IL-10. Proliterate, GM-CSF,
immunoglobulins express class TNF-1J,
11 MHC, MP-1ti
B7-land B7-2, Express
become apoptosis dass I MHC,
resistant B7-1, B7-2

Figure 1.8. CpG DNA-induced immune responses on B cells, natural killer (NK) cells and
monocytes, macrophages and dendritic cells. CpG DNA activation induces cellular proliferation,
surface marker upregulation, immunoglobulin and cytokine/chemokine release in the different

immune cells. (Krieg. AM 2001).

A variety of cellular receptors and antigens are involved in the regulation of the
immune response. On the extracellular part of the B cell membrane, there are
surface marker proteins that play a vital role in the growth and differentiation of B
cells. Figure 1.9 shows some of the surface molecules expressed on the surface of
B cells, including the adhesion molecules CD54, costimulatory molecules CD80
and CD86 and other surface molecules such as MHC II and CD40. CpG-
ODN/TLRY in B-cells render the cells more immunogenic and undergoing normal
cell maturation and differentiation (Decker T et al., 2000a; Decker T et al., 2000b;
Hartmann G et al., 2000; Jahrsdorfer B et al., 2001).
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Figure 1.9. The expression of different surface molecules on the extracellular part of B cell membrane.

CD80 and CD86 co-stimulates T cell proliferation and activation as they work as
ligands for the T cell co-stimulatory molecule CD28. Costimulatory molecules
CD80 and CD86 interact with CD28 on T lymphocytes inducing the synthesis of
IL-2 that is necessary for the optimal activation of T lymphocytes and preventing

T-cell death.

Cell surface intercellular adhesion molecule 1 (ICAM-1; CD54) is expressed at low
levels on resting lymphocytes, and upon cell stimulation, CD54 expression
increases, and participates as an adhesion molecule as well as costimulatory
molecule to enhance T-cell activation. In normal B cells, it mediates homotypic
adhesion while in tumour cells, it is expressed in high levels and it is closely
related to the degree of cell maturation (Boyd AW et al., 1989 and Terol MJ et al.,
2003). MHC class 1II is required for antigen presentation to CD4+ helper T cells.
Cytokines released from CpG-ODN activated cells can modulate the adaptive

immune response to diminish pathogens and tumour cells.

When B cell receptor is simultaneously engaged, CpG-induced B cell proliferation
is greatly induced (Tasker L et al., 2003). Optimal CpG-ODN type-B is a strong
mitogen for B cells, enhancing them to enter the G1 phase of cell cycle and within
few hours to secrete of IL-6 and IL-10. CpG-ODN induced IL-6 expression is
needed to enhance IgM secretion by B cells, whereas CpG-ODN induced IL-10
release enhances IgA secretion, but it is a negative-regulator for the amount and

duration of IL-12 secretion. IL-6 is a multifunctional regulator of immune
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responses. It also participates in hematopoiesis, oncogenesis and inflammation
where the presence of an inflammatory stimulus can rapidly induce its production
in B-cells (Sehgal P et al., 1987; Kishimoto T et al., 1989). Its pathologic role was
seen in different disease conditions such as inflammatory autoimmune and
malignant diseases (Naka T et al.,, 2002). IL-10 is also known for its importance in
the regulation of the immune response, homeostasis and inflammation. It exhibits
an anti-inflammatory effect by inhibiting antigen-specific T cell proliferation in
addition to down regulation of the costimulatory molecules (involved in Thl
responses) present on the antigen presenting cells and inhibition of TNF-a
production (Howard M et al, 1992). Tumour necrosis factor a is another
proinflammatory cytokine, production of which is enhanced with CpG-ODN
uptake. It has an important role in regulating inflammatory responses, cell cycle
proliferation and apoptosis, in addition to which it has the ability to activate
adhesion molecule expression, enhance leukocyte trafficking, and thus enhance
inflammatory cell recruitment. TNF-a indirectly activates the Nuclear Factor-KB
(NF-xB) by inducing IkB proteolysis through the phosphorylation of IxB by IkB
kinase (IKK) (Han Y et al.,, 1999).

Overall, CpG-ODN/TLR9 stimulates the innate immunity, and CpG-ODN induced
cytokines have a role in modulating the adaptive immune response to remove some
pathogens by polarizing CD4+ T cells to either THI or TH2 phenotype (Krieg AM
2002a; Krieg AM 2002b) (Figure 1.10).

Pathogens
c=o = IL-4
Capture
f IL-4, IL-5)"
\ Ant/gen GL-10, IL-13
presentation
Effector

cytokines
Costimulatory
—molecules A — \

IFN -y
IL-12, IL-18

Figure 1.10. Regulatory effect of TLRs on T helper cell development and balance. The activation of
TLRs leads to the production of cytokines and upregulation of surface markers that regulate the
development and balance in the THcells inducing the release of effector cytokines. (Akira S. et al,

2001).
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1.5.2.2 TLRY independent response:

In addition to its ability to stimulate B cells, dendritic cells and macrophages to
induce an immune response via TLR9-dependent pathway, CpG DNA and synthetic
CpG-ODN are capable of providing survival signals to the immune system in a
TLR9-independent pathway (Park Y ef al., 2002). Park and colleagues (2002) stated
that CpG-ODN is able to protect B cells and DCs from spontaneous apoptosis by
activating NF-xkB and AKT (a serine/threonine protein kinase that mediates various
downstream effects of PI3K) without activating TLR9.

In 2000, Raz and colleagues (Chu W et al.,, 2000) show that immunostimulatory
CpG-DNA not only activates bone marrow—derived macrophages (BMDM) via
TLRY, but it also directly triggers DNA-dependent protein kinase (DNA-PK)
activation, a member of phosphatidlinositol 3 (PI3) kinase-like family, which can
phosphorylate IxB-kinasef, leading to the activation of the transcription factor NFkB
needed for the production of many inflammatory cytokine genes in BMDM. A few
models were done to explain the connections between DNA-PK and TLRY, but no
single one was favoured. Figure 1.11 illustrates Raz and colleagues’ TLR9
dependent and TLRY independent model, as described by Aderem A and Hume DA
(2000), showing how both pathways would lead to the NF«kB activation. This model
showed a few weaknesses, showing the TLR9 pathway to be analogous to the TLR4
pathway. For that reason, Aderem and Hume suggested a second model (Figure
1.12). They have stated that DNA-PK can mediate the activation of CpG-
ODN/TLRY downstream signalling pathway in which each TLR9 and DNA-PK
might activate NFkB signalling pathway separately.

However, Ishii and colleagues (2002) found that CpG-mediated immune activation
was a DNA-dependent protein kinase (DNA-PK)-independent process in BMDM,
and that CpG signalling is mediated through TLR9, but not DNA-PK, in three strains
of DNA-PK KO mice which responded normally to CpG DNA. In 2005, Dragoi AM
and colleagues reported that DNA-PKcs is an important intermediate in the CpG-
DNA-triggered AKT signaling pathway, and it is not a downstream molecule of
TLR9 in response to CpG-ODN activation. They detected the involvement of a
DNA-PK which possibly activates AKT leading to the activation of IKK and NF-xB
indicating that DNA-PK acts upstream of AKT upon CpG-ODN stimulation (Dragoi
AM et al, 2005). In contrast, Sester and colleagues (2006) stated that AKT
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activation by CpG-ODN was completely dependent on TLR9 in BMDM, and was
required for survival. They also indicated that, there is no evidence for TLRO-
independent responses to CpG DNA in Akt activation. As a result, CpG-ODN

activation is mostly TLR9-dependent, while studies are still trying to determine an

independent pathway.
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Figure 1.11. Involvement of CpG DNA in TLR9 and DNA-PK Signaling Pathways. (Aderem A and
Hume DA, 2000).
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Figure 1.12. TLR9 and DNA-PK interaction proposed model by Aderem A and Hume D.A (2000).
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1.5.3 Therapeutic uses of CpG-ODN:

CpG DNA and ODNs have the ability to trigger the immune response leading to host
protection. Studies done on animals found that CpG-ODN might be of therapeutic use
for allergic diseases, as vaccine adjuvants, and in cancer immunotherapy. Also,
different types of CpG-ODN have distinct effects on the same cells, and even same
type of CpG-ODN might have different effects on different cells (Gilirsel M et al.,
2002; Dalpke AH et al., 2004).

Immune activation responses are mostly divided into two main types: Tyl and Ty2.
The Tyl response is involved in the activation of NK cells and CTLs that lyse virally
infected cells and tumour cells. This type of immune response is preferred for cancer
immunotherapies. On the other hand, Ty2 immune activation is less important in

cancer therapy, but it is important for antibody secretion for host defence.

The effect of CpG-ODN on B-cells is mostly a Ty2-like response, leading to the
production of IL-6, IL-10 and TNF-a that perform critical immunomodulatory
functions. The pro-inflammatory IL-6 cytokine facilitates B and T cells growth and
differentiation (Klinman DM et al., 1996). IL-10 cytokines function as a counter-
regulatory mechanism that down regulates Tyl response (Redford TW et al., 1998).
Moreover, TNF-a is an important pro-inflammatory cytokine that has a role in the
immediate host defence against invading microorganisms in addition to its role in the
necrosis in some types of tumours, while it promotes cell growth in other types of
tumour cells (Locksley RM et al., 2001).

Different potential therapeutic uses for the immunomodulatory CpG-ODN have been
reported in Klinman DM (2004). Four major immunotherapeutic applications for CpG-
ODN were characterized. The first one is the ability of CpG-ODN to induce protective
host immunity against infectious pathogens by stimulating the innate immune
response. The second applicable use of CpG-ODNs is acting as a vaccine adjuvant,
promoting the immunogenicity of the co-administreted antigens. This improves the
function of antigen presenting cells (APC) that induces an adaptive immune response
to the co-administered vaccines by the production of cytokine/chemokine milieu.
CpG-ODNs have also been evaluated for their use in reducing allergic responses, by

stimulating an antigen-specific T helper 1 (Tul)-cell response, which would inhibit
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TH2 mediated asthma. Finally, CpG-ODN activation of the TLRY signalling cascade
results in the activation of natural killer (NK) cells and cytotoxic T lymphocytes
(CTLs) that exhibits an anti-tumour effect, showing its immunotherapeutic uses for the
treatment of different types of cancers. The four different applications of CpG-ODN

are summarised in Figure 1.13.
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Figure 1.13. Potential therapeutic uses of CpG oligodeoxynucleotides (ODNs). CpG-ODN is potentially
used in four main applications, to protect against pathogens, reduce allergic responses, improve response

to vaccine and for the tumour therapy. (Klinman D 2004).

1.6 Signal transduction of CpG-ODN / TLR9 activation:

TLRO signal transduction is similar to that for TLR7 and TLRS, but it is more specific
and complex. Ahmad-Nejad P ef al., (2002) and Latz et al., (2004a) reported that CpG-
ODN signalling requires internalization of CpG-ODN to an endosomal compartment,
which enhances the endosomal maturation (acidification) and CpG motifrecognition via
TLR9, which is delivered to the late endosome from the endoplasmic reticulum (ER). A
recent study on mice reported that, a multi-transmembrane-domain-containing protein

(UNC93B1) has an essential role in TLR9 trafficking from ER to the endosome, by



binding to the nucleotide-sensing TLR9 in the ER to deliver TLR9 to endosomes
(Brinkmann MM et al., 2007; Kim YM et al., 2008). A phosphoinositide 3-kinase (PI 3-
kinase), possibly class III vacuolar protein sorting 34 (VPS34), is needed for the
endosomal fusion and plays an important role in the uptake of CpG-ODN and the
activation process (Ishii KJ et al., 2002; Kuo CC et al., 2006). CpG-ODN/TLR9 binding
induces a classical signalling cascade starting with the recruitment of the adaptor
molecules, the MyD88. MyD88 is composed of two protein domains; the carboxy-
terminal TIR domain that binds to the TOLL/IL-1 receptor domain of TLRY, and the
amino-terminal death domain which undergoes homophilic interaction with the death

domain of a serine/threonine protein kinase, IL-IR-associated kinase 4.

TLR9/MyD88 association initiates a downstream signalling pathway by recruiting two
members of the interleukin-1 receptor associated kinase (IRAK) family, IRAK-1 and
IRAK-4. In response to stimuli, IRAK-1 and IRAK-4 autophosphorylate and dissociate
from TLR9/MyD88 complex resulting in the activation of tumor necrosis factor
receptor-associated factor 6 (TRAF6), which in turn results in the oligomerization of
TRAF6. In pDC, this activation causes nuclear translocation of interferon regulatory
factor 7 (IRF-7), an essential transcription factor that regulates type I IFN induction in
pDCs, and interacts with MyD88, IRAK-1 and TRAF-6. This binding activates and
phosphorylates IRF-7 stimulating IFN-a promoters. IRF-7 is constitutively expressed in
pDC, but not other types of cells (Kawai T ez al., 2004; Kawai T et al., 2006).

TRAF6 oligomerization leads to the activation of two distinct signalling pathways; the
mitogen-activated protein (MAP) kinase, and the activation of nuclear factor NF- kB
pathways, resulting in the production of pro-inflammatory cytokines and chemokines
(Akira S et al., 2006). An ubiquitin-conjugating (Ubc) enzyme, Ubc13, forms a complex
with TRAF6, which lead to the activation of Transforming Growth Factor-f (TGFp)-
activated kinase 1 (TAK1). Ubcl3 and TAK1 are needed for CpG-ODN/TLR9 induced
activation of NF-kB by IxB kinase (IKK) complex. They are also necessary for the
induction of the activator protein-1 (AP-1) by the MAP kinase (Ishii KJ and Akira S
2006).

The nuclear factor-xkB (NF-xB) pathway starts with the activation of TAK1 in the
cytoplasm, leading to the activation of the inhibitor of NF-xB kinase complex (IKKs).
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IKK phosphorylates IxB, leading to its proteolytic degradation that activates NF-xB
transcription factor to translocate to the nucleus to induce the expression of its target
genes, leading to the production of proinflammatory cytokines. NF-¢kB transcription
factor exhibits an anti-apoptotic activity through induction of death suppressing genes
and it enhances cellular proliferation, where both functions play a critical role in
oncogenesis and cancer therapy (Lin A et al., 2003). In addition to the NF-kB-dependent
signalling pathways controlled by these IKK complexes, CpG-ODN induced TAK1
activates the mitogen-activated protein (MAP) kinase pathways (Wesche et al., 1997,
Hiécker H et al., 2000; Ahmad- Nejad P et al., 2002).

Three major MAPK pathways have been identified in response to TAK1 activation,
leading to the activation of AP-1 complexes. The first one is the classical MAP kinases;
extracellular signal-regulated kinase (MEK/ERK) regulates the cellular proliferation and
differentiation. The second one is c-Jun N-terminal Kinase (JNK), known as stress-
activated protein kinases (SAPK/INK). Finally, p38M**® pathway is involved in the
regulation of several transcription factors such as ATF-2 (activating transcription factor
2) and Statl (signal transducer and activator of transcription 1). JNK and p38MATK
signalling pathways are responsive to stress stimuli and involved in cell differentiation
and apoptosis (Hicker H et al., 2000; Hemmi H et al., 2000).

Figure 1.14 shows the proposed model for TLR9 signalling in B cells. Upon the uptake
of CpG-ODN, TLR9 would directly bind to CpG-ODN and recruit MyD88 to form a
large complex with multiple molecules, including IRAK4 and TRAF6. This can activate
NF-xB (through IKK) and the MEK/ERK, JNK, and p38 MAPK pathways, leading to
the activation of AP-1 complexes. When NF-kB and AP-1 proteins enter the nucleus,
they would activate the target genes involved in B cell activation, proliferation, and
immunoglobulin (Ig) production (Hacker H et al., 2000; Hemmi H et al., 2000; Kawai T
et al., 2007).
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Figure 1.14. Proposed TLR9/CpG-ODN signalling pathway in B-cells. Once CpG-ODN internalization
into the cell occurs, they will be exposed to TLR9 in endosomes translocated from the endoplasmic
reticulum by a process controlled by type III PI 3-kinase. Direct binding of TLR9 to CpG-ODN recruits
MyD88 to form a large complex with multiple molecules, including IRAK4 and TRAF®6, to activate NF-
KB (through IKK) which results from the phosphorylation of the IKB proteins that normally sequester NF-
KB proteins in the cytoplasm. The TAKI also activates the JNK and p38 MAPK pathways, leading to the
activation of AP-1 complexes. Both the NF-kB and AP-1 proteins enter the nucleus where they activate
target genes involved in B-cell activation, proliferation, and immunoglobulin (Ig) production.
Abbreviations: AP-1, activating protein; BCR, B cell receptor; IkB, inhibitor of NF-kB; IKK, IkB kinase;
IRAK, IL-IR-associated kinase; TAK1, TGF-p-activated kinase; and TRAF, TNF-receptor-associated

factor 1.

1.7 Tumour immunotherapy and CpG-ODN:

Tumour immunotherapy depends on the stimulation of the immune response to induce a
strong tumour specific response that can stop and/or kill existing tumour cells. CpG-
ODN is known as efficient adjuvant to stimulate the induction of the tumour specific
immune response (Krieg AM 2006; Weeranata RD et al., 2006). The anti-tumour
activity of CpG-ODN type-B has been applied in different ways. It can be used as a
tumour monotherapy that might mediate NK cell or T cell activation. CpG-ODN was
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also reported to enhance the anti-tumour activity in combination with other cancer
therapies such as chemotherapy, radiation, monoclonal antibody therapy and surgery
(Krieg AM 2007). So far, only CpG-ODN type-B has been tested in humans for their
immunotherapeutic use for cancer, which showed a well tolerated and effective use in
several tumour types. TLR9 activation also enhanced tumour vaccination in studies done
on humans (Krieg AM 2007) by enhancing the antigen-specific CD4" and CD8 * T cell

induction, which can mediate an immune rejection of solid tumours.

In vivo trials done on animals using CpG-ODN as a tumour monotherapy induced T-cell
mediated tumour regression in mice (Baines J et al., 2003). Combined tumour
‘immunotherapies of CpG-ODN with other therapeutic approaches (such as tumour
vaccine, monoclonal antibody, radiotherapy, and chemotherapy) were found to be
effective tumour-suppressants (Kreig AM 2007). Monotherapeutic clinical trials using
7909 CpG-ODN done on humans with B-cell lymphoma showed an activated NK cells
and induced Tyl cytokine response (Link B et al., 2006). Several clinical trials are
underway to determine the beneficial therapeutic effects of CpG-ODN in combination

with other treatments against cancer in humans (Kreig AM 2007).

CpG-ODN induced response results from TLR9 activation and can promote tumour
regression by directly activating the anti-tumour factors as IFN-a and TRAIL or indirect
activation of NK cell-mediated tumour cell killing (Kreig AM 2006). Nevertheless, the
full therapeutic benefits of the use of CpG-ODN type-B alone or in a combination with
other therapeutic agents for the treatment of cancer remain to be determined. On the
other hand, the effectiveness of the other CpG-ODN classes in cancer therapy needs

more investigations.

1.8 Cancer cells and CpG-ODN / TLR9 activation:
Whilst the expression of TLR9 and its responsiveness towards CpG ODN activation in

the immune system has been studied extensively, their effect on tumour cells has
received relatively little attention. The expression of TLR9 was confirmed in a range of
human cell malignancies showing the variable expression levels and pattern of effector
functions (cellular proliferation, induction of cytokine synthesis and upregulation of
costimulatory ligand molecules) which varied between different tumour cell types
(Decker T et al., 2000a; Decker T et al., 2000b; Takeshita F et al., 2001; Jahrsdorfer B
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et al., 2001; Bourke E et al., 2003; Henult M et al., 2005; Jahrsdorfer B et al., 2005,
Wang H et al., 2006).

Such findings raised a fundamental question about the relationship between TLR9
expression and function in response to CpG-ODN activation in different tumour cell
types. Moreover, as CpG-ODN has been widely used as a therapeutic agent for tumour
immunotherapy, it is therefore important to ascertain the effects of CpG ODN on tumour
cells. This would also evaluate fully the potential of CpG ODN in cancer

immunotherapy.

Cancer cells result from a single cell transformation resulting in unregulated cell
proliferation. Neoplastic B cells are generated from normal B cells, blocking and
altering any stage of B cell differentiation. The abnormalities that occur in the normal
cells leading to malignancy are not restricted to immune cells, but also occur in non-
immune cells such as epithelial tumours in the kidney, cervix, prostate, breast, lung and

rectum epithelial cells, or other tissues of the body such as melanocytes.

1.8.1 CpG-ODN/TLRSY in B cell malignancies:

Depending on the various stages of B lymphocyte differentiation, several lymphoid
neoplasms arise (Figure 1.15). Most B cell neoplasms are derived from mature naive B
cells, such as B-cell chronic lymphocytic leukemia (B-CLL), B-cell small lymphocytic
lymphoma (SLL), and mantle cell lymphoma (MCL). Follicular lymphoma (FL) and
diffuse large B-cell lymphoma (DLBCL) are derived from germinal centre B cells,
whereas B cell acute lymphoblastic leukaemias (B-ALL) originate predominantly from
precursor B-cells. Memory B cells can develop into marginal zone B-cell lymphoma
(MZL) and B-CLL. Plasmacytoma is related to plasma cells, and when a clone of
abnormal plasma cells multiplies in bone marrow a plasma cell cancer emerges

producing multiple myeloma.

Knowing the stages of normal B cell differentiation is helpful in understanding for the
biology of B-cell neoplasia. In Figure 1.15, altering one of the different stages of
normal B cell differentiation and maturation develops certain type of
lymphoma/leukaemia depending on its stage. Although malignant cells originate from

their normal counterparts, they differ from their normal counterparts in a number of

30



respects. Malignant cells exhibit a low tendency to undergo apoptosis in response to
normal signals (Lagneaux L et al., 1998). They also have altered expressions of a
variety of adhesion and costimulatory surface molecules, and lose the ability to

function as an effective antigen-presenting cell (Chaperot L et al., 1999).

The B-cell maturation stage Type of Lymphoma

B cells originate in bone marrow

Plurip otent stem cell

Lymphoid stem cell ;E
ts

Precursor B-cell £

Pre- B-cell Acute lymphoblastic Jq

Lymphoma’Leukaemias
Immature B-cell

Small, Non- cleaved

Cell before Lymphoma (Burkitt’s)

antigen exposure

CLL/SLL
Cell after antigen Mantle cell
exposure

Follicular Lymphoma
Activated B-cell
Diffuse large B-cell
lymphoma

Waldenstrom’s
Plasma cell Macro globulinaemia
(plasmacytoid)

Myeloma

Figure 1.15. The maturation stage ofthe cell of origin determines the type oflymphoma.

As TLRY expression is detected in normal B cells, in this work I will be focusing on
malignancies of B cell origin. Normal B cells originate from stem cells in the bone
marrow and they undergo a differentiation and maturation process. The mature B cells
migrate to different parts of the body to perform their unique functions at each stage.
Any changes in the development stages of B cell’s differentiation and maturation,
results in a specific kind of malignancy (Figure 1.15). Furthermore, most of B cell

malignancies occur in the mature stage, such as Burkitt’s lymphoma and mantle cell
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lymphoma, but that does not mean it can not occur before maturation as in precursor
B-lymphoblastic leukaemia/lymphoma (precursor B-cell ALL) (WHO classifications
from Prakash S et al., 2007).

Several studies reported the expression of TLR9 and responsiveness to CpG-ODN in
different B lymphomas (Decker T ef al., 2000a; Decker T et al., 2000b; Jahrsdorfer B
et al., 2001; Bourke E et al., 2003; Henult M et al., 2005; Jahrsdorfer B et al., 2005).
In 2005, Jahrsdrofer B. and colleagues reported the expression of TLR9 mRNA at
variable levels in B-cell chronic lymphocytic leukaemia (B-CLL), marginal zone
lymphoma, small lymphocytic lymphoma, follicular lymphoma, mantle cell
lymphoma, and large cell lymphoma, but completely absent in plasmacytoma. They
also tested their responsiveness to CpG-ODN activation on the surface marker
expression and proliferation levels only. Other studies dealt mostly with one or two
types of lymphomas and mainly B-CLL (Decker T et al., 2000a; Decker T et
al.,2000b). Burkitt’s lymphomas (BL), a diffuse aggressive B cell malignancy, have
been described previously for their TLR9 expression (Bourke E et al., 2003; Henult M
et al., 2005).

1.8.2 CpG-ODN/TLRSY in non-haematological malignancies:

TLR9 expression was also found to be present in a variety of malignant solid tumours
such as lung cancer, intestinal cancer, and tumours in spleen, while its expression was
weak to low in non-malignant tissues (Takeshita F et al., 2001; Wang H et al., 2006).
Also, Platz J et al., (2004) reported a weak expression of the TLRO in primary
respiratory epithelial cells (Platz J et al., 2004; Wang H et al., 2006).

In preliminary experiments done in our laboratory by Hélia Esteves, University of
Leicester, BSc. dissertation, a panel of cell lines derived from different ranges of non-
haematological tumour cell lines, including epithelial cancers and melanomas,
appeared to express TLR9 by intracellular monoclonal antibody staining and flow
cytometry, but showed no response to culture in the presence of CpG-ODN. Such
findings raised a fundamental question about the expression of TLR9 in non-
haematological tumour cells and hence needed more investigations to determine their

expression to TLRO.
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1.9 Aims of the project:

The aims of this project were to address the relationship between TLR9 expression and
response to CpG ODN in both haematological and non-haematological cancer cells. In
this study, the expression of TLR9 was investigated in different types and/or stages of B
cell malignancies and in solid tumour cells using flow cytometry, immunoprecipitation
and western blotting, and confocal microscopy, while RT-PCR was used for the
detection of TLR9 mRNA expression.

The expression of TLR9 was also studied in relation to its pattern of effector functions
upon the activation with CpG-ODN. To investigate the cellular responses to CpG-ODN
stimulation, I studied upregulation of immunologically relevant cell surface markers
(CD54, CD80, CD86 and MHC class II), cellular proliferation, intracellular signalling
(MEK/ERK, p38, AKT and NF-xB pathways) and induction of cytokine synthesis
(TNF-a, IL-6 and IL-10).

Another aim was to investigate whether CpG-ODN has the ability to induce a refractory
state in tumour B-lymphocytes that might develop when the cells are pre-exposed to a
low dose of CpG-ODN, and to determine the duration and nature of such state. To
achieve this purpose, cells were treated with a low dose of 10103 CpG-ODN for
different time intervals and studied for their CpG-ODN induced immune responses upon

their treatment with a subsequent activating dose of CpG-ODN.

Finally, to determine the molecular mechanisms that lead to the CpG-ODN mediated
responses, I studied the involvement of the different signalling pathways in the
activation of TLR9 by CpG-ODN, and used a panel of inhibitors specific for the
different intracellular signalling pathways to evaluate the effects of these pathways on
different functional responses to CpG-ODN. The downstream signalling activities of
NF-kB, ERK 1/2, p38 and AKT pathways were investigated in Burkitt’s lymphoma,
BJAB, cells.

The studies outlined would provide valuable information on the response of TLR9

positive tumour cells, as opposed to cells of the immune system, to CpG-ODN as a

potential immunotherapeutic agent. In addition, they should shed new light on the
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mechanisms of action of CpG activation of TLR9Y signalling in immune and non-

immune cells.

Summary of aims:
e TLR9 expression in haematological and non-haematological tumour cells.
e The relationship between TLR9 expression and CpG-ODN mediated
responses in haematological and non-haematological tumour cells.
e The effect of low doses of CpG-ODN on subsequent TLRY9/CpG-ODN
mediated responses.
e The molecular mediated mechanisms of intracellular signalling induced by

CpG-ODN activation in BJAB Burkitt’s lymphoma B-Cells.
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CHAPTER TWO
Expression of TLR9 in haematological and
non-haematological tumour cells

2.1 Introduction:

Among TLRs, TLR9 has been proposed as playing a significant role in the treatment of
cancer, asthma, infectious diseases, and allergies (Vollmer J 2005). TLR9 specifically
recognizes unmethylated deoxycytidyl deoxyguanosine dinucleotide (CpG) motifs,
present at 20-fold higher frequency in bacterial or viral DNA than in mammalian DNA
as they are suppressed and methylated in the mammalian DNA (Krieg AM et al., 1995).
This recognition leads to the stimulation of innate immune cells, by triggering the
signalling pathways leading to the production of Tyl-like proinflammatory cytokines,
interferons and chemokines (Krieg AM et al., 1995).

Many studies have been done to determine the expression and localisation of TLR9 and
its functional relation with CpG DNA activation to enhance the treatment of infectious
diseases and cancer. In humans, TLR9 was found to be highly expressed in B-cells,
plasmacytoid dendritic cells (pDC), natural killer (NK) cells and activated
macrophages/monocytes (Hormung V et al., 2002; Dasari P et al., 2005; Vollmer J 2005;
Hoene et al., 2006), and these cell types were shown to be activated by CpG DNA,
leading to upregulation of immunologically relevant surface markers, increased cellular
proliferation, activating signalling pathways and cytokine release. Resting human B-
cells express significant levels of TLR9, whereas its cellular localization remains
controversial, but intracellular localisation is generally agreed. However, conflicting
data were reported as to whether TLR9 was expressed at the cell surface in addition to
the intracellular localisation. Some papers reported that the majority of human TLRY is
intracellularly expressed, and it could be surface accessible following CpG DNA
activation (Latz E et al., 2004a; Latz E et al.,2004b). In recent studies, TLR9 expression
was detected by flow cytometry on the surface of B lymphocytes from whole blood and
peripheral mononuclear cells (PBMCs), in B cells of severely injured patients prone to
sepsis and in distinct populations of tonsillar B-cells (Eaton-Bassiri A et al., 2004;
Dasari P et al., 2005; Baiyee EE et al., 2006). Eaton-Bassiri et al., (2004) reported that
human PBMCs show approximately 10% of cells with TLR9 surface expression, while
Latz E et al., (2004b) failed to detect cell surface TLR9 expression in TLR9-transfected
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Hek293 cells. In other cell transfection studies, non-permeablised Hek293 cells
transfected with HA-TLR9 specifically bound FITC-anti-HA Ab, showing that at least a
fraction of the TLR9 was on the cell surface of the transfected cell lines, but its location
was not specified (Takeshita F et al., 2001). Overall, these data indicate that TLR9

mainly expressed intracellularly, but can be detected on cell surface too.

Malignant B cells represent to a large extent, B cells blocked at various stages of
differentiation. Human B-cell malignancies originate from different stages of B-cell
differentiation. Jahrsdrofer B et al., (2005) tested different types of non-Hodgkin’s B-
cell lymphoma and found significant differences in the expression of TLR9 and
activation upon CpG stimulation. TLR9 expression was also found to be present in a
variety of malignant solid tumours such as lung cancer, intestinal cancer, and tumours in
spleen, while its expression was weak to low in non-malignant tissues (Takeshita F et
al., 2001). Also, Platz et al., reported a weak expression of the TLR9 in primary
respiratory epithelial cells (Platz J et al., 2004).

Preliminary experiments done in our laboratory (Hélia Esteves, University of Leicester,
BSc. Dissertation) tested a panel of cell lines derived from different haematological and
non-haematological tumours for the expression of TLR9, using monoclonal antibody
staining and flow cytometry. All the cell lines tested, including epithelial cancers and
melanomas, showed positive (intracellular) staining with the TLR9 antibody, as
compared with an isotype control Ab, following permeabilisation, suggesting
intracellular TLR9 expression. No human cell lines were identified that did not
apparently express TLRY, as detected by this method. Based on these results, I wanted to
verify the extent of TLR9 expression in human haematological and non-haematological
tumour cell lines, and identify its cellular localisation, if present. The aims of this
chapter were, first to establish techniques to detect TLR9 expression by cells, using
mADb staining and flow cytometry, immunoprecipitation and western blotting, confocal
microscopy, and semi-quantitative reverse transcriptase qRT-PCR. Next, to determine
the levels of TLRY expression in a panel of B-cell lines and solid (non-haematological)
tumour cell lines. Finally, to determine the localisation of TLR9 in tumour cells and in
human cells transfected with TLR9.

37



2.2 Materials and Methods:

2.2.1 Antibodies:

The following antibodies were used:

2.2.1.1 Unconjugated antibodies

2.2.1.1.1 Toll like receptor (TLR) 9 antibodies

Anti-TLR9 mAb (IMG-305A, IMGENEX, USA) monoclonal antibody
raised against a KLH-conjugated synthetic peptide corresponding to
amino acids 268-284 of human TLR9 isoform A.

Anti-TLR9 (N-15) Sc-13215 goat polyclonal IgG with its epitope
mapping near the N-terminus of the hTLR9 (Santa Cruz Biotechnologies,
Santa Cruz, USA).

Affinity purified anti-human TLR9 rat mAb (eB72-1665, eBioscience,
USA) generated against amino acids 273-288 of human TLRO.

2.2.1.1.2 Isotype controls, other Antibodies and blocking peptides

Anti-Haemagglutinin (HA) high affinity rat mAb-clone 3F10 (Roche
Applied Sciences, UK).

Affinity purified rat IgG2a isotype control (eB 12-4321, eBioscience,
USA).

Blocking peptides for polyclonal anti-human TLR9 (eB66-P929,

eBioscience, USA).

2.2.1.2 Conjugated Antibodies

2.2.1.2.1 Toll like receptor (TLR) 9 Antibodies;

Phycoerythrin (PE)-conjugated rat mAb anti-human TLR9 (eB72-1665,
eBioscience, USA), generated against a portion of human toll-like
receptor 9 (aa 273-288).

Anti-TLR9-PE (IMG-305D, IMGENEX, USA) mAb raised against a

KLH-conjugated synthetic peptide corresponding to amino acids 268-284
of human TLRO.
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2.2.1.2.2 Isotype control, other antibodies and reagents.
° Anti-IgG1 (mouse)-PE isotype control (Beckman Coulter, UK).
. Anti-IgG1 (mouse)-FITC isotype control (Beckman Coulter, UK).
° Anti-Rat IgG2a-PE isotype control (eBioscience, USA).
. Anti-IgG1-PE isotype control (Immunotech, Marseille, France).
. Anti-CD20 -FITC (Beckman Coulter, UK).
. Peroxidase-labelled anti-mouse IgG (Amersham Biosciences, Little
Chalfont, UK).
° Polyclonal rabbit anti-rat IgG-HRP (DAKO, A/S, Denmark).
° Rabbit IgG TrueBlot™: HRP anti-rabbit IgG (eBioscience, USA).

. Swine anti-rabbit immunoglobulins/ horseradish peroxidase (HRP)
(DAKO, A/S, Denmark).

. HRP-conjugated anti-mouse Ig (Amersham Biosciences, Little Chalfont,
UK).

° HRP-conjugated anti B-actin antibodies (Santa Cruz Biotechnologies,

Santa Cruz, USA )

° Anti-HA peroxidase high affinity rat mAb-clone 3F10 (Roche Applied
Sciences, UK).

° Goat polyclonal to rat IgG H&L FITC Abs (Abcam , UK)

. NBD C¢—ceramide complexed to BSA (Invitrogen, UK).

2.2.2 Cell culture, cells and cell lines

2.2.2.1 Human peripheral blood mononuclear cells.

Human peripheral blood mononuclear cells (PBMCs) were isolated from heparinized
(Heparin sodium - 10 L.U/ml final concentration; Sigma-Aldrich, UK) blood of
healthy adult donors. 25ml of 1:1 diluted blood in growth medium RPMI-1640
supplemented with 10% Foetal Bovine Serum (FBS), streptomycin (100pug/ml),
pencillin (100U/ml), and 2mM L-glutamine (all from Sigma-Aldrich, UK) were
added slowly over 15ml of Lymphoprep ™ (Nycomed Diagnostics, Oslo, Norway).
Centrifugation with a speed of 1480rpm/20minutes at room temperature (RT) was
done, with the brake off. Cells were isolated from the buffy layers and washed with
RPMI-1640 medium. Cell pellets collected after centrifugation at 1480rpm for 5

minutes at RT were counted and suspended with growth medium.
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2222 CD19" B-cell separation.

CD19" B cells were positively selected and separated from PBMCs isolated from 50
ml heparinized blood of healthy adult donors (see 2.2.2.1) using 20ul of CD19"
Microbeads magnetic cell sorter (MACS) per 1x10"total cells (MACS; Miltenyi
Biotech, Bisley, UK). CD19 Microbeads are used for direct magnetic labelling of
CD19" B cells. The LS*/VS™ separation MACS Columns (MACS, Miltenyi Biotech,
Bisley, UK) were placed in a MiniMACS separator— a strong permanent magnet —
then the MACS Column matrix would provide a magnetic field strong enough to
retain cells labelled with minimal amounts of CD19 Microbeads. MiniMax washing
buffer (filtered 0.5% bovine serum albumin in phosphate buffer saline — PBS, pH
7.2) wés used to wash the columns, allowing cells not labelled with CD19" beads to
be washed from the columns. The columns were released from the magnetic field
and CD19" B-cells were eluted and kept in growth medium. CD19" B-cells were
tested for purity by flow cytometry using anti-CD20 FITC (Beckman Coulter, UK)

and it was routinely greater than 95% positive.

2.2.2.3 Tumour cells and cell lines used in this study.

Cells and cell lines illustrated in Table 1.1 were cultured in growth medium (RPMI-
1640) supplemented with 10% Foetal Bovine Serum (FBS), streptomycin
(100pg/ml), penicillin (100U/ml), and 2mM L-glutamine (all from Sigma-Aldrich,
UK), at 5% CO,, in a humid environment at 37°C. Human embryonal kidney cell
lines, Hek293, were cultured in Iscove’s Modified Dulbecco’s Medium (Sigma-
~ Aldrich) supplemented as above. Cells were split twice weekly into fresh growth

medium.
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Cell Types Cell lines Description Stage of differentiation

B-cells CDI9+ Normal B-cells Mature B-cell
KR0O76 Ex vivo Tumour CLL Mature B-cell
FC029 cells
TH044 Mantle cell lymphoma Mantle cell
JVM-2
EBYV transformed B
HMy-2 Activated B-cell
lymphoblastoid cell
RAMOS
RAJI
Burkitt’s Lymphoma Mature B cell
_ BJAB
Haematological
ELIJAH
tumour cells
U266
Cell lines Plasma cell
Karpas 707H Multiple Myeloma
RPMI8226 Lymphoblast like-Plasma cell
Acute lymphoblastic
TANOUE
leukaemia
Precursor B-ALL
380 Lymphoblast
LiLa (immature B-cell)
KG-1 Acute myeloid leukaemia Myelogenous blast
HL-60 Promyelocytic Leukemia Promyelocyte
Human embryonal
Hek293 ) Kidney epithelium
kidney
Human cervical
HelLa Cervical epithelial cell
carcinoma
Du-145 prostate carcinoma Prostatic epithelial cell
Non-
. . Rectum-anus, o
Haematological HRT-18  Cell lines Rectum epithelial cell
adenocarcinoma
tumour cells
WMI1361A4 Melanoma Melanocyte
Small cell ofthe airway
CORL-47 Small cell lung cancer
epithelium
Breast cancer
MCF-7 Breast epithelial cell

adenocarcinoma

Table 2.1. Characteristics ofthe ex vivo cells and cell lines used in the different protocols in this study.
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2224 Transfection of Hek293 and HeLa tumour cells with TLRO.

Human embryonal kidney cell line Hek293 (kindly provided by Dr. Sek Chow,
University of Leicester, UK) and the cervical carcinoma cell line HeLa were
transfected with two hTLR9-containing plasmid constructs and with their empty
plasmids as a control. Cells were plated in six-well plates (Nunclon™ Surface, Nunc
products, UK) at 5 x 105 cells/well and stable transfection (with indicated cDNAs)
was done on the following day using Effectene Transfection Reagent (Qiagen, UK)
according to the manufacturer's instructions. The cells were transfected separately
for 24 hours at 37°C and 5% COz2 with 0.4 pg/well of the full-length linear human
TLR9 vector plasmids either conjugated to haemagglutinin (pDisplay-HA/hTLR9)
or unconjugated (pCIneo-hTLR9). Another 0.4pg/well of empty vector pDisplay and
pClneo were used as a mock transfection control. Figures 2.1 and 2.2 illustrate the
empty plasmids used for the transfection. The four expression plasmids were a kind
gift from Cynthia A. Leifer, USA. The plasmid constructs were prepared from
human TLR9 c¢cDNA which was inserted into pClneo (Promega, Madison, WI).
TLR9 cDNA (26-1032), lacking its leader sequence, but keeping its stop codon, was
cloned into pDisplay (Invitrogen Life Technologies, UK), to generate a HA-tagged
TLRO (Takeshita et al., 2001). All TLR9 gene constructs had been shown to activate
NF-kB when stimulated with CpG (Leifer CA et al., 2004).

CMVIE. \
Ennancer/Promoler

Irrtron llﬁ
b

pCl-neo SV40 Latel 1114
Vector poty(A) Hﬁ?
(5472tJp)

1127
1131

Synthetic  QyAC Enhancer/
poty(A) Early Promoter,

S&irriH 1

R e T

Figure 2.1: pCl-neo vector (Promega, Madison, WI)
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ism ELiM i WM

pDisplay

5.3 kb

Comments for pDisplay
5325 nucleotides

CMV promoter: bases 1-596

T7 promoter: bases 638-657

Murine Ig kappa-chain V-J2-C signal peptide: bases
737-799

Hemagglutinin A epitope: bases 800-826

Multiple Cloning Site: bases 827-873

myc epitope: bases 874-903

PDGFR transmembrane domain: bases 907-1056
Bovine growth hormone polyadenylation signal: bases
1069-1288

pUC origin: bases 1378-2051

Thymidine kinase polyadenylation site: bases 2458-2187
NeomydnyKanamydn resistance gene: bases 3421-2366
SV40 origin and promoter: bases 3797-3456

Figure 2.2: pDisplay vector (Invitrogen Life Technologies,UK).

Post transfection, Hek293 and HeLa cells were washed with phosphate buffer saline
(PBS) and cultured in fresh growth medium with 0.5 mg/ml G418 (Geneticin,
Sigma-Aldrich, UK). Stably transfected cells were selected with G418 for one to two
weeks, splitting the cells twice weekly. After two weeks, the transfectants were
tested for expression of TLR9 using PCR (section 2.2.3). Stable transfectants were
transferred to flasks and maintained with 0.3mg/ml G418-Geneticin concentration
under their normal growth conditions, and were frozen in aliquots in liquid nitrogen.
Transfected cell lines were grown in culture for up to 5 weeks before being replaced
with freshly thawed cells. Expression of TLR9 was determined by RT-PCR for each
batch used.

2.2.3 mRNA expression of hTLR9
2.2.3.1 Total RNA extraction
Total RNA was extracted according to the manufacturer’s instructions using RNeasy
blood Mini Kits (QIAGEN, UK). Up to 1x107 cells were washed with PBS and the
cell pellet was loosened by flicking the tube. Buffer RLT was added (according to
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the table below) to the cell pellet to be lysed after mixing with B-ME (10ul to each
1ml buffer RLT). \

Number of pelleted cells Volume of Buffer RLT (ul)
Upto 5 x 10° 350
5x10%t0 1x 10’ 600

The lysates were homogenized using a blunt 20-gauge hypodermic needle (0.9mm
diameter). One volume of 70% ethanol was added to the homogenized lysate and
mixed by pipetting. The lysates were then transferred to an RNeasy spin column
placed in a 2ml collection tube and centrifuged for 15 seconds at >8000 x g (=10,000
rpm). 700 pl of Buffer RW1 was added into the column and centrifuged for 15
seconds at >8000 x g (>10,000 rpm) to wash the spin column membrane and the
flow-through was discarded. The column was transferred into a new 2-ml collection
tube and 500 pl of Buffer RPE was added into the spin column and centrifuged for
15 seconds at >8000 xg (>10,000 rpm). Another wash to the column was done using
500 pl of Buffer RPE for 2 minutes at >8000 x g (=10,000 rpm). The spin column
was transferred into a 1.5 ml collection tube and 30-40ul of RNase-free water was
applied directly onto the spin column membrane, and centrifuged for 1 minute at
>8000 x g (>10,000 rpm). The concentration of RNA extracted was determined by
measuring the absorbance at 260 nm (Ajs) and at 280 nm (Ag). The RNA

concentration (pug/pl) was calculated from this equation:
(A260) x 40 x Dilution factor/1000pul.

The total RNA extracted was either reverse transcribed into single-stranded cDNA or

kept at —70 °C until use.

2.23.2  First-Strand cDNA Synthesis

Five micrograms of cDNA was prepared from the total RNA extract according to the
manufacturer’s instructions by the Superscript™ First strand synthesis system for
RT-PCR (Invitrogen, UK). One microliter of 10mM deoxynucleotide (dINTP) mix,
1l of 0.5pg/pl oligo (dT) and DEPC-treated water were added to Sug of total RNA
in a total volume of 10pl were incubated at 65°C/5minutes, then placed on ice for 1-
2 minutes. Two microliters of 10X RT buffer, 4ul of 25mM MgCl,, 2ul of 0.1M
DTT and 1pl of RNaseOUT™ (RNase inhibitor) were added to each RNA/primer

mix and incubated at 42°C/2minutes. One microliter of Superscript II RT (50 units)
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was added to each mix and incubated at 42°C/50minutes. The reactions were
terminated at 70°C/15minutes and then chilled on ice. Tubes were spun to collect the
content and 1ul RNase H was added to each tube and incubated at 37°C/20minutes.
The cDNA prepared was either used immediately in PCR or kept at —20 °C until use.

2.2.3.3  Reverse-transcriptase-polymerase chain reaction (RT-PCR):
cDNA (from 5ug total RNA) was amplified using platinum® Taq DNA polymerase
(Invitrogen, UK) in 10 mM dNTP mix, Sul of 10x PCR buffer minus Mg,1.5ul of
50mM MgCl,, 0.4ul from Sunits/pl of Taq DNA polymerase, 1ul of 10uM forward
primer (FW), 1ul of 10uM reverse primer (RW) and autoclaved water to a final
volume of 50ul. The primers used for TLR9 PCR were either:

TLR9-FW1 5-CAACAACCTCACTGTGGTGC-3',

TLR9-RW1 5' GAGTGAGCGGAAGAAGATGC-3' Or

TLR9-FW2 5-ACAACAACATCCACAGCCAAGTGTC-3'

TLR9-RW2 5-AAGGCCAGGTAATTGTCACGGAG-3'

For the house keeping gene, B-actin, primers used were:
B-actin FW  5-GCTCGTCGTCGACAACGGCTC-3'
B-actin RW  5'-CAAACATGATCTGGGTCATCTTCTC-3'

TLR9 Primers of FW1 and RW1 would result in a 511bp product length while FW2
and RW2 yield a PCR product of 250bp length. B-actin primers gave a 353bp
product. All primers were obtained from MWG (MWG, Ebensburg, Germany).

The cDNA mix was incubated in a thermal cycler at 95°C for 2minutes to
completely denature the template and activate the enzyme. Thirty cycles of PCR
amplification were done as follow:

Denature 95°C for 30 seconds.

Anneal 58°C for 30 seconds.

Extend 72°C for 2.5 minutes.
After thirty cycles, they were then incubated at 72°C for 7minutes, and the reaction
was maintained at 4°C after completion of PCR. The products were either stored at -
20°C until use or they were separated by running 12ul of the product with 3ul of
blue loading gel (Sigma, UK) on 1.8% agarose gel electrophoresis (120V/30minutes)

45



along with a molecular weight marker (100bp DNA Ladder, BioLabs, U.K) and
stained with ethidium bromide. Electrophoresis documentation was done with Kodak
DC 120 zoom digital camera (Eastman Kodak Company, USA).

2.2.3.4 Semi-quantitative Real-Time Polymerase Chain Reaction (QRT-PCR):

A semi-quantitative RT-PCR was performed using the LightCycler system (Roche
Diagnostics, Mannheim) according to the manufacturer’s instructions. Amplification
of cDNA was carried out using the SYBR green (Quanti Tect SYPR® Green PCR
Kit, QIAGEN, UK), which is a fluorescent dye that binds to the minor groove of the
DNA double helix. In solution, the unbound dye exhibits very little fluorescence,
however, fluorescence is greatly enhanced upon DNA-binding. After annealing of
the primers, a few dye molecules can bind to the double strand. DNA binding results
in a dramatic increase of the SYBR Green I molecules which emit light upon
excitation. Fluorescence intensity is measured after each amplification cycle to
monitor the increasing amount of amplified DNA. PCR for TLR9 was performed
using the TLR9 primers described previously (section 2.2.3.3). To quantify the
product, a standard cDNA was prepared from pCl-neo/TLR9 plasmid starting with
1x10ng/pul for standard one, and making five fold dilutions for the other three
standards (2x107>, 4x10* and 8x10°ng/ul). The standard curve gave a linear
regression line after the real-time PCR reaction (Figure 2.3). 1.5ul of S5uM of each
primer, 7.5ul of master mix SYBR Green I and 3.5ul of RNase free water were
added to 1pul of the Sug cDNA of a final volume of 15 pl placed in Light cycler
capillaries (20pul) (Roche Diagnostics, Mannheim). Thermal cycling was initiated
with an incubation step at 50°C for 2 minutes, followed by a first denaturation step at
95°C for 15 minutes, and continued with 45 cycles of 95°C for 15 seconds, 58°C for

30 seconds, and 72°C for 15 seconds.

The B-actin house keeping gene PCR was run under the same conditions and was
used to normalise the TLRY results. Melting curve analysis was used to control the
specificity of the amplification products. No amplification of non-specific products
was noticed for any of the primer sets used. Concentration of TLR9 mRNA

normalised against B-actin house keeping gene is expressed as arbitrary unit (AU).
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Amplification and melting curve analysis:

For the analysis of expression of TLR9 mRNA in the different cell lines, the
specificity of amplification was controlled by analysing the standard curve (Figure
2.3), melting curve (Figure 2.4) and the number of cycles in the sigmoidal curves
in addition to the analysis of crossing points (Figure 2.5). Figure 2.4 was used as
an example of analysis of Light Cycler curves. Curves were analyzed by
determining the cycle number at which the amplification curves intersected with a
horizontal line drawn across at a signal level when SYBR green fluorescence
increases exponentially. This signal increases in direct proportion to the amount of
PCR product in a reaction. A significant increase in fluorescence above the
baseline value measured during the 15-25 cycles indicates the detection of

accumulated PCR product.

Og.bb et

-5.0 -4.8 -4.8 -4.4 -4.2 -4.0 -3.8 3.6 3.4 232 -3.0 -2.8 -2.6 2.4 -2.2 -2.0

Log Concentration

Bascline Adjustment: Arithmetic Noise Band Cursor: 0.1908 Analysis Method: Fit Points Number of Fit Points: 2

Crossin g Line: 0.1908 Slope: -2.053 Intercept: 10.62 Error: 0.0268

Figure 2.3: linear regression line graph, from serial dilutions of standard TLR9 DNA (pCl-
neo/TLRY plasmid). From the standard curve, the amount of cDNA region of interest in the
different cell lines was estimated and normalized using the house keeping gene results to give a

semi-quantitative value.
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Figure 2.4: Hek293 with its TLRO transfectants and tumour B-cells amplification sigmoidal
curves of their different cDNA templates. Curves were analyzed by determining the cycle
number at which the amplification curves intersected with a horizontal line. Hek293 TLR9
transfected cells were used as a TLR9 positive control and the null Hek293 as TLR9 negative

control cells.
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Figure 2.5: Melting curve analysis of TLR9 mRNA for Hek293 with its transfectants and tumour

B-cells, with the linear negative control line showing no non-specific amplifications.

2.2.4 Protein expression of hTLRY:
224.1 Immunofluorescent staining and flow cytometry:
To determine the expression and cellular localization of TLRY in normal and
malignant human cells, flow cytometric analysis was performed using a FACS

Calibur flow cytometer (Becton-Dickinson Ltd, Cowley, UK) and both cell surface
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and intracellular staining methods. Cultured cells (5x10° /ml) were stained with anti-
TLR9 mAbs from two different clones (anti-TLR9-PE, IMGENEX, USA) mAb and
anti-human TLR9-PE mAb (eBioscience, USA). Extracellular stains were directly
done on the washed cell pellet, using 10ul of either anti-TLR9-PE mAb (IMGENEX,
USA) or anti-human TLR9-PE mAb (eBioscience, USA), and with 10 pl IgG1-PE
(Immunotech, Marseille, France) or rat IgG2a-PE (eBioscience, USA) respectively
as isotype controls. Cells were incubated with the mAbs for 15minutes/ 4°C covered,
and washed twice with 1X PBS — 0.5% (w/v) BSA. Cells were fixed with
paraformaldehyde and live gated cells (of 199 threshold or more) were read by the
FACS Calibur and analysed using Cell Quest Pro software (Becton-Dickinson Ltd,
UK). B-lymphocytes within PBMCs were identified by CD20-FITC stain (Beckman
Coulter, UK), and double stained with anti-TLR9-PE mAb (eBioscience, USA) for
the surface expression of TLR9. A parallel group were blocked using an equal
concentration of the blocking peptide for polyclonal anti-human TLR9 (eBioscience,
USA) and anti-TLR9-PE mAb (eBioscience, USA) in intracellular and extracellular
staining to detect the efficiency of the method and the sensitivity of antibody. For
intracellular stain, cells were washed with 1X PBS, centrifuged at
1500rpm/Sminutes, fixed with 100ul of intraStain fixative reagent A
(Dakocytomation, Glostrup, Denmark) and left for 15minutes/RT. The cells were
washed with 2ml 1X PBS - 0.5% (w/v) BSA before the addition of the 100ul
intraStain permeabilisation reagent B (Dakocytomation, Glostrup, Denmark) and
stained with 10pl of anti-TLR9 conjugated to PE (IMG-305D and eB72-1665) or
10ul of the premixed anti-TLR9-PE and its blocking peptide (same done for
extracellular staining). The cells were also stained separately with 10ul IgG1-PE
(Immunotech, Marseille, France) or with Rat IgG2a-PE (eBioscience, USA)
respectively for isotype controls. Cells were incubated for 15minutes/RT, washed
twice with 1X PBS — 0.5% (w/v) BSA, centrifuged and fixed with 0.5ml of
paraformaldehyde. Results were read in the FACS Calibur, and analysed using Cell
Quest Pro software (Becton-Dickinson Ltd, UK).

Normal PBMCs and Burkitt’s lymphoma BJAB cell lines were also examined for
their TLR9 expression before and after CpG-ODN activation (three days with
3pg/ml 10103 CpG-ODN) to determine if TLR9 expression will change after CpG-
ODN activation.
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Fluorescence values were brought together after gating on a combination of forward
scatter (FSC) and side-scatter (SSC) features. Data from 10,000 events were
acquired using CellQuest software (BD Biosciences, UK). The signals were acquired
in a linear mode for FSC and SSC characteristics, and in a logarithmic mode for
fluorescence intensities. Measurements included percentage of total population, and

median in addition to mean channel fluorescence intensity (MFI) in energy channels.

2.24.2 Immunoprecipitation and Western blot.
Immunoprecipitation and western blotting were done to detect the expression of

TLR9 protein on the tested cell lines.

2.2.4.2.1 Cell lysis:

A) Tri Reagent

PBMCs and tumour cell pellets (5x10° — 1x10"cells) were washed with PBS and
lysed in 200 pl Tri Reagent™ (Sigma, Pool, UK). The lysate was centrifuged at
12,000xg for 10minutes at 4°C, and 40ul of chloroform was added. Cells were
centrifuged (12,000xg/15minutes/4°C) and the RNA phase removed. Protein
supernatant was isolated by centrifugation (2,000xg/Sminutes/4°C) after the
addition of 60pul of 100% ethanol. To precipitate the protein, 300ul isopropanol
were added. The samples were incubated at RT for 10minutes, centrifuged at
12,000 g for 10 minutes/4°C forming a pellet on the side and bottom of the tube.
The supernatant was removed and the protein pellet washed twice with 0.3 M
guanidine MC1/95% ethanol. Samples were kept in wash solution for 20
minutes/RT, and then centrifuged at 7,500 xg for Sminutes/4°C. The protein
pellet was dried and dissolved in 1% sodium dodecylsulfate (SDS) and the
insoluble material was removed by centrifugation. A microplate assay was done,
and protein concentrations were determined using The Bio-Rad DC (detergent
compatible) protein assay (BioRad, Hercules, USA) according to the
manufacturer's instructions. This is a colorimetric assay for protein concentration
following detergent solubilisation, based on a modification of the traditional
Lowry method. 10ul of B-Mercaptoethanol (B-ME) in Laemmli loading dye 1:20
(reduced) (62.5 mM Tris-HCl, pH 6.8, 2% SDS, 25% glycerol, 0.01%
Bromophenol Blue) (BioRad, Hercules, USA) were added to 10 pl of the lysed
protein and then all heated to 95°C for Sminutes before loading them on to the
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gel to detect the protein presence in the sample by western blotting after

polyacrylamide gel electrophoresis (see section 2.2.4.2.3).

B) Latz et al., (2004a) Lysis buffer:

The washed pellets of 5x10° cells were incubated on ice for 30minutes with 1ml
of cold lysis buffer containing 137mM NaCl, 20mM Tris-HCI, pH 7.4, ImM
EDTA, 0.5% Triton X-100 containing 60mM n-octylglucoside, 25mM
iodoacetamide, and a mixture of protease inhibitors (10pul/ml leupeptin,10pl/ml
aprotinin and 1mM phenylmethylsulfonyl fluoride (all from Sigma, UK) (Latz et
al., 2004a). Ultracentrifugation (15,000 xg) was done for 15minutes/4°C and the

supernatants collected for immunoprecipitation.

C) RIPA Lysis buffer:

One ml of cold RIPA buffer containing 1% NP-40, 0.5% Nadeoxycholate,
50mM Tris HCl, 150mM NaCl, 1mM Na-fluoride, 30mM Na Pyrophosphate,
2mM  EDTA, 0.1% SDS, 100uM Na orthovanadate 1mM
phenylmethanusulphonylfluoride (PMSF) (Sigma,UK) and protease inhibitors
(Sigma,UK) of 10ug/ml Leupeptin,10pug/ml Aprotinin and 10pg/ml Pepstatin
were added to the washed pellet of 5x10° cells for 30 minutes on ice. After lysis,
the samples were centrifuged at 15,000 xg for 15minutes/4°C and the

supernatants collected for immunoprecipitation.

2.2.4.2.2 Immunoprecipitation

Five x10° cells were lysed with 1ml of either the Latz ef al., lysis buffer or RIPA
lysis buffer for 30minutes on ice (section 2.2.4.2.1, B or C). Cell lysates were
centrifuged, and nuclei were removed. The lysates were divided into two aliquots
and incubated with Sug of TLR9 Abs or isotype control mAb. The anti-TLR9 Abs
used were anti-TLR9 mAb (IMG-305D, IMGENEX, USA), purified anti-TLR9
(eB72-1665, eBioscience, USA) or anti-HA high affinity rat mAb-clone 3F10
(Roche Applied Sciences, UK) for the HA-tagged TLRY transfectants. The isotype
control was incubated with Sug of mouse IgG1 or rat IgG2a respectively. All were
placed on a rotator for lhour/4°C. Immune complexes were precipitated by the
addition of 50ul of 20% protein G sepharose slurry (Amersham Biosciences, USA)
equilibrated in lysis buffer. The immunoprecipitate (IP) was left overnight rotating
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in the cold. After extensive washing with lysis buffer, the immunoprecipitate was
solubilised by boiling in 30ul Laemmli loading dye with B-ME (reduced) (BioRad,
Hercules, USA). The immune complex was loaded on precast 7.5% SDS-PAGE
gels (Ready gel Tris-HCL gels, BioRad, Hercules, USA) for western blotting as

described in the following section.

2.2.4.2.3 Western blotting system:

Western blotting of whole cell lysates (Tri-reagent lysis buffer) or
immunoprecipitates (Latz et al., lysis buffer or RIPA lysis buffer) was done
according to the instructions of the mini-protean®II electrophoresis and blotting
system (BioRad, Hercules, USA). Immunoprecipitates (20ul) were loaded on
precast 7.5% SDS-PAGE gels (Ready gel Tris-HCL gels, BioRad, Hercules, USA)
and submitted to electrophoresis at 20mA for the stacking gel (10minutes) and
30mA for the resolving gel (40minutes) to fractionate the protein according to size
using premixed 1X Tris/Glycine running buffer (BioRad, Hercules, USA),
followed by transfer of proteins into a Hybond-C Super nitrocellulose membranes
(Amersham Biosciences, Little Chalfont, UK) at 300mA for 90 minutes in ice
using 1X Tris/Glycine/SDS blotting buffer (BioRad, Hercules, USA). The
membrane blots were washed in 1X PBS — 0.1% Tween 20 three times for 5
minutes each time on the orbital shaker. To prevent non-specific binding, the
membranes were incubated and blocked in 5% non-fat powdered milk in 1X PBS
— 0.1% Tween 20 for 1 hour. The membranes were washed with 1X PBS — 0.1%
Tween 20 three times for 10 minutes each time and then they were blotted with
1:500 of anti-TLR9 (anti-TLR9 mAb (IMGENEX, USA) or anti-TLR9 (N-15) Sc-
13215 goat polyclonal IgG (Santa Cruz Biotechnologies, Santa Cruz, USA) in 1%
non-fat powdered milk in 1X PBS — 0.1% Tween 20 for 24-48hours. The
membranes were then washed in 1X PBS — 0.1% Tween 20 three times for 10
minutes each time. A secondary antibody of 1:5000 horseradish peroxidase (HRP)
conjugated anti-mouse IgG F(ab'), fragments (Amersham Biosciences, Little
Chalfont, UK) or 1:10,000 rabbit anti-goat IgG HRP respectively in 1% non-fat
powdered milk in 1X PBS-0.1% Tween 20 were incubated for 1 hour. The
membranes were then washed in 1X PBS — 0.1% Tween 20 three times for 10

minutes each time. The protein bands were visualized using Chemiluminescence
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ECL Blotting detection kit and exposed to Hyperfilm™ ECL Western (both from
Amersham Biosciences, Little Chalfont, UK) for 45minutes.

The Tri-reagent lysed blots (without immunoprecipitation) were stripped with
0.15M Glycine (pH 2.2) and 1% SDS in 1X PBS - 0.1% Tween 20 for 10 minutes
three times, then blocked with 5% non-fat powdered milk in 1X PBS - 0.1%
Tween 20 for 1 hour. Then, they were reblotted for B-actin as a control of protein
load for the samples using B-actin/HRP antibody (Santa Cruz Biotechnologies,
Santa Cruz, USA) at 1:5,000 dilution for 2hours. The membranes were then
washed in 1X PBS - 0.1% Tween 20 three times for 10 minutes each time. The p-
actin membranes were developed within 15 seconds using ECL Blotting detection

kit and images were observed.

2243 Immunofluorescence staining and confocal microscopy method:
To determine the expression and cellular localisation of TLR9, immunofluorescence

staining and confocal microscopy were used.

2.2.4.3.1 Cell preparation:

A) Adherent cells:

1x10° cells/ml of the TLRY transfected Hek293 and HeLa cell lines and their
mock transfectants were left to grow overnight on 13mm sterile cover slips in 12
well plates, after treating the coverslips with 100ul poly-d-lysin (PDL) (1:100 in
PBS ) for 60minutes/RT. Cell culture medium was removed and cells were fixed
with 1ml 10% formal saline for 30minutes/RT and then washed three times with
water. Cells then were stained with Gogli stain NBD Cg —ceramide complexed to
BSA (Invitrogen, UK) (section 2.2.4.3.1, B).

B) Suspension cells:

Pellets of 1x10° cells/ml tumour B-cells were fixed for 30minutes/RT with 10%
formal saline before cytospinning on cytoslide microscope slides (Shandon,
USA) (150xg/3minutes) using a Shandon cytospin 2 centrifuge. Each cell line
was spun onto four slides, placed in humid chamber, and stained with Golgi stain

NBD Cs—ceramide complexed to BSA (Invitrogen, UK).
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2.2.4.3.2 Golgi stain:

Cytoslides with cells were washed in HBSS/HEPES to be fixed for 10minutes in
10% formal saline. Ice-cold HBSS/HEPES was used to wash each sample several
times before incubating them for 30minutes/4°C with 100 pl of 5uM Ceramide-
BSA complex (NBD Cs—ceramide complexed to BSA; Invitrogen,UK). Cells were
rinsed with HBSS/HEPES three times and incubated for 30-90 minutes/RT with
2mg/ml BSA to enhance Golgi stain. Cells were rinsed with HBSS/HEPES then
fixed with 10% formal saline before staining for expression of TLR9.

2.2.4.3.3 Confocal microscopy immunofluorescence stain:

One ml 1X TBS was added to all cells for 5 minutes/RT. For intracellular stain
cells were permeablised using 1ml of 1X TBS 0.1% Triton-x for 10minutes/RT
whereas for extracellular stain they were left with 1X TBS. 500ul of 5% goat
serum were used to block the cells. After 60 minutes / RT goat serum was removed
and cells were stained with the primary antibodies. For each cell line, two slides
were stained intracellularly and the other two extracellularly for 1hour/RT with the
target antibody diluted 1:20 in goat serum. In each set, one slide was stained with
the isotype control, affinity purified rat IgG2a (eBioscience, USA), and the other
with affinity purified anti-human TLR9 rat mAb (eBioscience, USA). For the
haemagglutinin tagged TLR9 transfected cells, anti-haemagglutinin (HA) high
affinity rat mAb-clone 3F10 (Roche Applied Sciences, UK) was used. A secondary
stain was used after washing three times with 1% TBS, using goat FITC-labelled
polyclonal Ab to rat IgG (Abcam, UK), 1:400 dilution in 5% goat serum for
lhour/RT. Cells were washed three times with 1%TBS. Cover slips from the
adherent cells were removed from the 12 well plate and mounted on a slide using
VECTASHIELD HardSet mounting medium with DAPI (Vector laboratories,
USA) which contains a counterstain for DNA. Suspension cells were mounted
directly on the cytoslides to be examined by fluorescence confocal microscopy.
Cytoslides were mounted with immersion oil and read at different filters using
TE300 semi-automatic Nikon microscope; Blue (Dapi excitation filter wavelength;
365nm) for the nucleus (DNA) stain, Green (FITC excitation filter wavelength;
475nm) for TLRO stain and Red (CY5 excitation filter wavelength; 630nm) for the

background to compare.
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2.2.5 Statistical analysis

Each experiment was repeated at least two times. Data points stand for the mean of
triplicate results for RT-PCR and replicates for the other techniques. Data were
analysed using Student’s paired t-test using GraphPad prism 4 software version 4.03.
Results were considered significant when p value was less than 0.05, and very

significant when p value was less than 0.001.
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2.3 Results:

Investigating the expression and function of TLR9 in haematological and non-
haematological tumour cells is critical to understand the potential of CpG ODN as an
immunotherapeutic agent in the treatment of cancer. To this end, the cellular expression
of TLRY in human tumour cells was investigated using a panel of anti-human TLR9
antibodies. In this work, flow cytometry, immunoprecipitation/western blotting, and
confocal microscopy investigations were done to identify the expression of TLR9
protein in the different human tumour cell lines, and RT-PCR was used to identify
expression of TLR9 mRNA.

In preliminary experiments done in our laboratory (Helia Esteves, University of
Leicester, BSc. dissertation) using ex vivo tumour B cells and panels of haematological
and non-haematological human tumour cell lines, the intracellular expression of TLR9
was seen by anti-TLR9-PE mAb (IMGENEX, USA) staining and flow cytometry in all
B-cell tumours tested (data not shown). The expression of TLR9 was also seen,
however, in a range of non-haematological tumour cell lines, including epithelial cancers
and melanomas, and no TLR9-negative cells/cell lines were identified. Initially, it was
my aim to further investigate TLR9 (mRNA and protein) expression in haematological

and non-haematological tumour cells, based on these preliminary results.

2.3.1 Toll-like receptor 9 mRNA expression in the human cells:

Based on most publications, the expression of TLR9 by immune cells has mostly been
through the detection of mRNA using PCR-based methods (Hougmung V et al.,
2002). I therefore established a reverse transcriptase (RT) PCR for the detection of
TLR9 mRNA, based on the published method, and a semi-quantitative RT-PCR assay
for determining levels of expression. For the study of the expression of TLRY in
haematological and non-haematological tumour cell lines, cDNA was prepared from
5ug total RNA of each cell line. RT-PCR was carried out for the different cell lines.
Figures 2.6 and 2.7 represent RT-PCR of haematological and non-haematological
tumour cells respectively. CD19" B cells isolated from PBMCs from three normal
individuals were all positive for TLR9 mRNA expression (Figure 2.6a).
Haematological tumour cells showed TLR9 bands of the predicted size, indicating
expression of TLR9 mRNA in most of the cell lines, with the exception of the
myeloma cells (U266 and Karpas 707H cell lines) and the EBV transformed B
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lymphoblastoid cell (HMy-2 cell) (Figure 2.6b). Karpas and U266 cells were therefore
used as negative controls for TLRY in subsequent PCR. The TLR9 transfected Hek293
cells showed a clear TLRY specific band while it was weak for HeLa HA/TLR9, with
no visible band for HeLa TLR9 (Figure 2.7). In contrast, the untransfected HeLa and
Hek293 cells showed only a very faint band or no band, indicating a very low to
undetectable TLR9 expression level. TLR9 expression in TLR9 transfected Hek293
cells appeared higher compared with HeLa HA/TLRY transfected cells. All the non-
haematological tumour cells tested (Corl-47, MCF-7, HRT-18, MW1361A and Du-
145) showed negative or very weak TLR9 mRNA expression (Figure 2.7).

V) 3N anualB -«1U CTXH.9-

B-a-c+in

KFin RAJI  BJAB 3S0 LILA C2M ELIJAH TANOLE JW 3 HL-50 KARPAS RAMOS CLL mm
TLRS>220bp
6 -actia3 &&p
Figure 2.6. TLR9 mRNA expression by RT-PCR in normal B-cells (A), and in tumour B-cells
(B). Upper bands show TLR9 specific PCR, and lower bands p-actin house keeping gene. This
experiment was repeated in two independent times and primers with the same results.
H*k2M H*k2J« Hdc2F3 Hdt2W Htk29J HeLa HeLa HeLa HeLa HeLaCorl-47 MCT-7 MWI3SLA HRT-18 DC-14?
HATLRY9 TLRY pDisplay  pCbieo pDuplay HATLRY pClneo TLRP
TLRi> 25Qb>

3-actin 353bp

Figure 2.7. Variable levels of TLR9 mRNA expression by RT-PCR in different non-
haematological tumour cells and TLRY transfected cells, compared with p-actin house keeping

gene. This experiment was repeated in two independent times and primers with same results.

To determine the level of TLR9 mRNA in each cell line tested, a semi-quantitative
method was established, using a standard curve derived from five-fold dilutions from
the pCl-neo/TLR9 plasmid, and by relating the PCR signals to the standard curve

(Figure 2.3), and normalised with the house keeping gene p-actin.
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23.1.1 TLRY9 mRNA expression in haematological cells by qRT-PCR.

Results obtained from qRT-PCR were broadly consistent with the RT-PCR results
(Figures 2.8 & 2.9). Six different healthy adult volunteer’s PBMCs or CD19+B-cells
(three from each) expressed TLRY, but at different levels (Figure 2.8). TLR9 mRNA
level in CD19+ B-cells was at least ten times higher than in PBMCs (Figure 2.8),
which was expected as TLR9 is mostly expressed by B-cells in PBMCs. TLR9
mRNA expression levels in haematological tumour cells normalised with the house
keeping gene P-actin showed a marked degree of variability in relation to the TLR9

mRNA level (Figure 2.9).

gqRT-PCR: mRNA TLRO9 expression in normal B-cells

PBMC 1 PRBVIC2 PBMC 3 CD19+ Ceil X CDI19+ Cell 2 CDI1P+ Cell 3

Figure 2.8: Semi-quantitative RT- PCR for TLR9, after normalisation with the house keeping
gene P-actin from three PBMCs and three CD 19+ B-cell samples from six healthy donors.

T qRT-PCR: TLR9 expression in Haematological tumour cells
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Haematological Tumour cells
Figure 2.9: Semi-quantitative RT- PCR for TLRO after normalisation with the house keeping

gene p-actin, in a panel of human haematological tumour-cell lines.
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Table 2.2 summarises the TLR9 mRNA arbitrary expression levels detected by qRT-
PCR after normalising the results with B-actin house keeping gene. CD19" B-
lymphocytes showed the highest TLR9 expression when determined from three
different healthy donors showing mRNA level more than 4x10™ AU. Normal PBMCs
showed a high TLR9 expression of more than 1.0x102AU, but less than CD19* B-
cells. Cells in Table 2.2 are organised according to their TLR9 mRNA arbitrary
expression levels showing the highest in the ex vivo cells. As CD19"/PBMCs cells
are known to express TLR9 (Baiyee EE et al., 2006), I will consider data of TLR9
mRNA level greater than 1.0x102AU to be positive for TLR9 expression. As a
result, all ex vivo tumour cells (TH044, FC029 and B-CLL) and some
haematological tumour cell lines (RPMI 8226, Lila, ELIJAH, Ramos, 380, Raji,
TANOUE and BJAB) were considered positive for TLR9 mRNA expression. These
results were consistent with the RT-PCR results as indicated in Figure 2.6. Whereas,
HL-60, JVM-2, KG-1, U266, Karpas 707H tumour B-cells and HMy-2, EBV
transformed B lymphoblastoid cell, were all less than 1x10> AU suggesting that they
are low or negative for TLR9 mRNA expression. On the other hand, HL-60 and
JVM-2 showed a clear but faint TLR9 mRNA band by RT-PCR (Figure 2.6) and an
arbitrary level between 1x102 to 1x102 AU by gRT-PCR (Table 2.2), which
suggests a weak positive expression of TLR9 mRNA. TLR9 mRNA expression level
in KG-1 cell lines was also between 1x107 and 1x10? AU suggesting also a weak
positive expression whereas U266, Karpas and HMy-2 showed no TLR9 band by
RT-PCR (Figure 2.6) and TLR9 mRNA expression level by qRT-PCR was less than
1x107 AU suggesting a negative TLR9 mRNA expression.

As discussed above and indicated in Table 2.2, I have defined TLR9 mRNA
expression to be considered strong positive when the arbitrary levels detected by
qRT-PCR are greater than 1.0x102 AU, weak positive for less than 1.0x107 but
greater than 1x10° AU and negative for 1x10% AU or less. Therefore,
haematological tumour cells showed an expression of TLR9 mRNA in most of the
cell lines tested, with the exception of the myeloma cell lines U266 and Karpas and
EBV transformed B lymphoblastoid cell line HMy-2, although different cell lines

showed a marked degree of reliability in basal levels of TLR9 expression.
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Cells Cell type Description TLR9 mRNA level av
Donor -1 Ex vivo 9.83E-01
Donor -2 Normal B-Lymphocytes 5.41E-01

+
Donor-3  CP19eells 4.70E-01
Donor -4 Ex vivo Peripheral blood 5.07E-02
ggﬂgi :2 PBMCs cells mononuclear cells Té?;}é:gg
THO44 Ex vivo cells Mantle cell lymphoma 6.06E-01
RPMI 8226 Multiple Myeloma 4.19E-01

LiLa Cell lines Precursor B-ALL 4.11E-01

ELIJAH Burkitt Lymphoma 9.37E-02
FC029 . Mantle cell lymphoma 8.68E-02
Ex vivo cells '
B-CLL Tumour CLL 8.17E-02
Ramos Burkitt Lymphoma 7. 66E-02
380 Precursor B-ALL 4.71E-02
RAIJI Burkitt Lymphoma 4.52E-02
TANOUE Precursor B-ALL 3.84E-02
BJAB Burkitt Lymphoma 3 41E-02
HL-60 Cell lines Promyelocytic Leukemia 9.16E-03
JVM-=2 Mantle cell lymphoma 8.61E-03
KG-1 Acute myeloid leukaemia 6.35E-03
U266 Multiple Myeloma 7.60E-04
EBYV transformed B
HMy-2 lymphoblastoid cell 2.06E-04
Karpas 707H Multiple Myeloma 3.50E-05

Table 2.2 Summarises the TLR9 mRNA expression levels detected by qRT-PCR for the
haematological cells after normalising their results with P-actin house keeping gene. Results are the

mean ofthree independent experiments.

2.3.1.2 TLR9 mRNA expression in non-haematological cells by qRT-PCR.

To quantitate the level of TLR9 mRNA expression in non-haematological tumour
cells and transfected and untransfected Hek293 and HeLa cells, I did qRT-PCR
(Figure 2.10). Table 2.3 indicates the mRNA arbitrary levels of TLR9 normalised
with the house keeping gene P-actin. Analysing the arbitrary TLR9 mRNA
expression level detected by qRT-PCR in the same way indicated in section
(2.3.1.1), HRT-18 and HeLa cell lines showed weak expression (between 1x1 O3 and
1x1 02 AU) whereas Hek293, Corl-47, WM1361A, DU-145 and MCF-7 were all less

than 1x1 O3AU suggesting negative TLR9 mRNA expression.
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qRT-PCR: TLRY expression in Non-Haematological tumours
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Non-Haematological tumours and Transfectants
Figure 2.10: Semi-quantitative RT- PCR for TLRY after normalisation with the house keeping
gene p-actin, from different non-haematological tumour cells and TLR9 transfected Hek293 and

HelLa cells.

TLRO transfected and mock transfected Hek293 and HeLa cells were investigated
for TLR9 mRNA expression levels. TLR9 and HA/TLRY transfected Hek293 cell
line showed a positive TLR9 expression with more than 1x10* AU TLR9 mRNA,
whereas transfected HeLa cells showed a strong positive TLR9 mRNA expression in
HA/TLRO transfected HeLa cells, but not in HeLa/TLR9 cells. In HeLa HA/TLRO,
TLR9 mRNA level was 1.3x10' AU (in the range of the positive expression) while
in HeLa TLR9Y it was 3.5x1 03 AU indicating a weak positive expression. On the
other hand, TLR9 mRNA expression levels in mock-transfected Hek293 and HeLa
cells showed weak to negative expression by qRT-PCR (Table 2.3). Although HeLa
and its mock transfected cells should be TLR9 negative cells, they showed TLR9
mRNA levels between 1x10' to 6x10'" AU. This might indicate that they are not
completely negative for TLR9 mRNA expression. On the other hand, HeLLa TLR9
cells showed a TLR9 mRNA level of 3.5x10'3 AU indicating that the cells were not

efficiently transfected.

2.3.2 TLRO protein expression in malignant human cells:

Several B cell malignancies have been shown to express TLR9 (Decker T et al,

2000a; Decker T et al, 2000b; Jahrsdorfer B ef al., 2001; Brouke E et al., 2003). RT-

PCR methods were sufficient to determine TLR9 mRNA expression, but to determine
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TLRY protein expression in human cells, flow cytometry analysis, IP/WB and confocal

microscopy were performed.

Cells Cell lines
HeLa
Hek293
Corl-47
Du-145 Cell lines
HRT-18
WMI1361A
MCF-7
HeLa pClneo Mock
Hel.a pDiSplay transfect
HelLa TLRY TLR9
Hel.a HA/TLRY9 transfect
Hek293 pCl-neo Mock
Hek293 pDisplay transfect
Hek293 TLR9 TLR9

Hek293 HA/TLR9 transfect

Description

Human cervical carcinoma
Human embryonal kidney
Small cell lung cancer
prostate carcinoma
Rectum-anus, adenocarcinoma
Melanoma

Breast cancer adenocarcinoma

Human cervical carcinoma

Human embryonal kidney

TLR9 mRNA level au

4.67E-03
4.74E-05
6.87E-09
8.50E-04
2.00E-03
6.18E-04

4.46E-05
5.01E-03

1.81E-03
3.41E-03

1.32E-02
6.54E-05

2.03E-03
5.83E-02

6.98E-02

Table 2.3 summarises the TLR9 mRNA expression levels detected by qRT-PCR in the non-

haematological cells and transfected Hek293 and HeLa cells after normalising their results with |3-

actin house keeping gene. Results are the mean ofthree independent experiments.

2.3.2.1 Flow cytometry:

Flow cytometric analysis was performed for surface and intracellular expression.

The cells of interest were gated in a live gate (region R1) according to their forward

and side scatter profiles as shown in Figure 2.11.

RAMOS Extracel. stain

'
Y mymm] lmml i wimi | *mwmw |rimt*t
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Figure 2.11. Forward and side scatter profile for the extracellular stain of RAMOS cell lines. A live

gate was applied to the viable cell population (R1) and used for subsequent analysis of TLR9

expression by the cells.
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Cell Count

Figures 2.12 and 2.13 represents TLR9 protein extracellular and intracellular
expression by flow cytometry in several B-cells and cell lines (CD19+normal ex vivo
B-cell, KRO76 ex vivo B-CLL, Burkitt’s Lymphoma cell line RAMOS,
Lymphoblast-like myeloma cell line RPMI-8226, myeloma cell line Karpas 707H
and myeloma cell line U266), using a directly conjugate anti-human TLR9-PE mAb
(eBioscience, USA).

CD 19* B-cells RPMI RAMOS
TOLW PE Tot)-PE
71R9PE TotfW-PE TelMPE
1 >
TLR9-PE

Figure 2.12. Flow cytometry overlay plots for the extracellular expression of TLRY in representative
normal and tumour B-cells. Legend: Green line: isotype control IgGl-PE. Purple blocks: TLR9
expression using anti-TLR9 PE Ab (eBioscience, USA).

Ex vivo CD19+ and KR076 B-cells, RAMOS, and RPMI 8226 showed a positive
TLR9 mRNA level whereas Karpas 707H and U266 were negative as indicated in
section (2.3.1.1). The overlay plots for the TLR9 extracellular expression (Figure
2.12) showed little or no evidence of surface expression in most of the cells except
for RPMI which showed a subpopulation of cells positive for extracellular TLR9
expression. It has been reported that TLRO is extracellularly expressed at least in a
subset of normal CD19+B-cells (Eaton-Bassiri A et al., 2004; Dasari P et al., 2005;
Baiyee EE et al., 2006; Grandjenette C et al, 2007). TLR9 surface stain was
consistently slightly higher than isotype control in CD19+ cells, B-CLL and RPMI
cells, but they also showed that in U266 and Karpas (TLR9 mRNA negative cells).
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Figure 2.13. Flow cytometry overlay plots for the intracellular expression of TLR9 in representative
normal and tumour B-cells. Legend: Green line: isotype control IgGIl-PE. Purple blocks: TLR9
expression using anti-TLR9 PE Ab. (eBioscience, USA).

B-cells CD19+ KRO76 RPMI 8226 RAMOS U266  Karpas
Normal Lymphoblast- Burkitt
Cell Type B-CLL Myeloma Myeloma
B-cell like myeloma Lymphoma
TLR9 8.98 6.55 3.72 3.92 5.62 9.73
Extra-
Isotype Ctrl. 6.67 4.37 3.11 3.79 4.37 6.79
cellular
TLRY/Isotype 1.35 1.5 1.2 1.03 1.29 143
TLR9 21.67 23.29 24.36 15.54 13.58 19.99
Intra-
cellular Isotype Ctrl. 7.17 5.94 4.78 3.85 8.22 7.77
TLRY/Isotype 3.02 3.92 5.09 4.04 1.6 2.5

Table 2.4 The median fluorescence intensity for the intracellular and extracellular TLR9 staining using
anti-TLR9 PE Ab (eBioscience, USA) of B-lymphocytes from normal and tumour of different B-cell lines
compared with the control isotype IgGl IgGl-PE (Immunotech, Marseille, France). This experiment was

done in two independent times.

Despite differences in the B-cell differentiation stages, CD19+ B-cells were found to
express TLRO protein (Dasari P et al., 2005; Baiyee EE et al., 2006; Grandjenette C
et al, 2007). Table 2.4 shows that extracellular MFI consistently slightly higher for
TLRO than isotype control in B-cells, but no correlation with expression by qRT-

PCR. On the other hand, intracellular MFI was higher for TLR9 than isotype control,
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and higher ratio for cells positive by RT-PCR (CD19+ B-CLL, RPMI and Ramos)
than negative by RT-PCR (U266 and Karpas). Intracellular MFI ratio for TLRY in
CD19+cells was three folds greater than isotype control therefore, I have suggested
that, cells with MFI ratio for TLR9 of three folds or greater than isotype control is
considered as TLRY positive expressing cells (B-CLL, RPMI and Ramos).

To test the efficiency ofthe monoclonal anti-human TLR9-PE (eBioscience, USA), a
blocking peptide for polyclonal anti-human TLR9 (eBioscience, USA) was used
before extracellular and intracellular staining with TLR9 for PBMCs ex vivo cells
and RPMI and BJAB cell lines. No significant difference was observed with the
TLRY blocked B-cells compared with the non-blocked cells (data not shown)
suggesting that, anti-TLR9 antibody might not be antigen specific.

As RT-PCR methods showed weak to negative TLR9 mRNA expression in the
epithelial cancers and melanomas (Figure 2.7 and Table 2.3), while the preliminary
experiments done in our laboratory by Helia Esteves (University of Leicester, BSc.
Dissertation) showed a weak intracellular TLR9 protein expression (in HRT-18,
CORL-47, DU-145, MCF-7 and WM1361A cell lines), using monoclonal antibody
staining in flow cytometry (data not shown), I did not re-investigate their TLR9
protein expression using flow cytometry and rely on her results suggesting that,

TLR9 Ab was not antigen specific.

To confirm the specificity ofthe flow cytometric staining observed by the anti-TLR9
mAbs, TLRY positive control cell lines were made by stably transfecting human
TLR9 into the TLROlow  Hek293 and HeLa cell lines
(http://www.invivogen.com/family.php?ID=165 and Eaton-Bassiri A et al., 2004).
The TLR9 mRNA expression in untransfected, mock transfected and TLR9
transfected Hek293 and Hela cell lines were tested by qRT-PCR (Figure 2.10 and
Table 2.3). Hek293 TLR9, Hek293 HA/TLR9 and HeLa HA/TLRY, but not HelLa
TLRY9, showed a positive TLR9 mRNA expression levels by qRT-PCR (section
2.3.1.2). The TLROY transfected and mock transfected Hek293 and HeLa cells were
stained intra- and extracellularly for TLR9 expression. Overlay plots obtained by
flow cytometric analysis of live gated cells are shown in Figures 2.14 and 2.15 for

extracellular and intracellular expression respectively. The median fluorescence
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intensities for TLR9 and IgGl isotype and their ratio are shown in Tables 2.5 and 2.6
for Hek293 and HelLa cells respectively.

A Hek293 Hek293 HA/TLR9 Hek293 pDisplay
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Figure 2.14. Flow cytometry overlay plots for the extracellular expression of TLR9 in Hek293 and HeLa
cells and their transfectants. Legend: Green line: isotype control IgGIl-PE. Purple blocks: TLR9
expression using anti-TLR9 PE Ab (eBioscience). This experiment was repeated in two independent

times.
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Figure 2.15. Flow cytometry overlay plots for the intracellular expression of TLR9 in Hek293 and HeLa cells
and their transfectants. Legend: Green line: isotype control IgGI-PE. Purple blocks: TLR9 expression using

anti-TLR9 PE Ab (eBioscience, USA). This experiment was repeated in two independent times.

TLRO transfected Hek293 and HeLa cells overlay plots showed no clear shift in
TLRY extracellular expression compared with untransfected or mock transfected
Hek293 and HeLa cells (Figure 2.14). In contrast, untransfected, TLR9 transfected
and mock transfected Hek293 and HeLa cells showed a shift to the right from the
isotype control in TLRY intracellular stain (Figure 2.15), but the MFI ratio between

TLRO and isotype control showed some relative variations (Tables 2.5 and 2.6).
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Median fluorescence intensities (MFI) of TLR9, IgGl isotype and their MFI ratio
(TLRY/isotype) for Hek293 and HeLa transfected and untransfected cells are shown
in Tables 2.5 and 2.6 respectively. Extracellular MFI was slightly higher than
isotype control, but no correlation with expression by qRT-PCR, whereas,
intracellular MFI was higher for TLR9 than isotype control with some correlation

with expression by qRT-PCR.

Epithelial cells Human embryonal kidney cell - Hek293
Non pClneo- pDisplay-
Cell transfect pClneo pDisplay
Transfected hTLR9 HA/hTLRY
TLRY9 12.63 3.59 3.92 19.46 2.89
Extra-
. 6.92 . . . .
cellular Isotype Ctrl 2.33 2.86 10.18 1.57
TLRY/Isotype 1.83 1.5 1.37 1.9 1.84
TLRY9 19.63 14.46 14.33 27.38 12.41
Intra-
. . 3.89 3.68 10.18 .
cellular Isotype Ctrl 6.79 8.35
TLRY/Isotype 2.89 3.7 3.9 2.68 1.48

Table 2.5. The median fluorescence intensity for the intracellular and extracellular TLR9 staining, using
anti-TLR9 PE Ab. (eBioscience, USA), of human embryonal kidney (Hek293) cell line and its
transfectants with either TLR9 gene construct or the empty plasmid, compared with the control isotype

IgGl IgGIl-PE (Immunotech, Marseille, France).

Epithelial cells Human cervical carcinoma cell line - HeLa
Non pClneo- pDisplay-
Cell transfect pClneo pDisplay
Transfected hTLRY9 HA/hTLRY
TLR9 6.32 4.61 5.94 18.11 5.23
Extra-
. . 4.26 5.14 15.26 491
cellular Isotype Ctrl 4.87
TLRY/Isotype 1.30 1.08 1.15 1.19 1.07
TLR9 15.68 18.94 18.11 26.18 14.86
Intra-
cellular Isotype Ctrl. 6.21 9.73 5.09 16.70 8.35
TLRY/Isotype 2.5 1.95 3.56 1.57 1.78

Table 2.6. The median fluorescence intensity for the intracellular and extracellular TLR9 staining, using
anti-TLR9 PE Ab (eBioscience, USA), of human cervical carcinoma cell line (HeLa) cell line and its
transfectants with either TLR9 gene construct or the empty plasmid, compared with the control isotype

1gGl IgGI1-PE (Immunotech, Marseille, France).

Analysing the intracellular MFI TLROY/isotype control ratio in the same way as
suggested previously for B-cells, ratios greater than three was suggested positive for

intracellular TLRY protein expression by flow cytometry, which was consistent with
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RT-PCR results. Intracellular MFI ratio of TLR9/isotype control showed more than
three for cells positive by RT-PCR (Hek293 TLR9, Hek293 HA/TLRY and HeLa
HA/TLR9) while it was less than three in cells negative by RT-PCR (Hek293,
Hek293 pCl-neo, HeLa, HeLa TLR9, HeLa pDisplay and HeLa pCl-neo).

As PBMCs and BJAB cells were found to express TLR9 mRNA by RT-PCR, they
were investigated for their TLR9 protein expression, before and after three days with
3pg/ml 10103 CpG-ODN. PBMCs and BJAB extracellular stain did not show a
significant expression for TLRY protein in resting or in CpG-ODN activated cells
(data not shown). In contrast, intracellular stain showed some TLR9 protein
expression in resting PBMCs and BJAB cells, which was enhanced two folds upon

their activation with CpG-ODN, as indicated in Figure 2.16.

- - BJAB ce 11*
1 Resting cells PBMCs
8 CpG-ODN activation

3 CpG-ODN activation
g .8
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Figure 2.16. Flow cytometry overlay plots for the intracellular expression of TLR9 in resting and
CpG-ODN activated normal PBMCs (left) and tumour BJAB (right) B-cells. Legend: Red line:
TLRY expression in Resting cells. Purple blocks: TLR9 expression in CpG-ODN activated cells.

This experiment was done only once.

Extracellular expression of TLR9 by CD19+B-cells, some B-cell malignancies and
TLR9 transfected Hek293 and Hela cells has been reported by some groups, using
indirect colour labelling techniques (Eaton-Bassiri A et al., 2004; Baiyee EE et al.,
2006), also their TLRY intracellular expression was expected from publications
(Cynthia A et al, 2004; Latz E et al, 2004b; Fransson M et al, 2007; Nakano S et
al, 2008) and from TLR9 mRNA levels detected in section (2.3.1). In this study, no
clear evidence of extracellular staining, however, possible weak intracellular staining
in TLRO positive cells but data not conclusive. CpG-ODN activation increased levels

of intracellular expression of TLR9 in PBMCs and BJAB cells, but not extracellular
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expression. These observations made it imperative to confirm TLR9 protein

expression by alternative methods, in order to validate the flow cytometric data.

2.3.2.2 Immunoprecipitation and Western blot.

As the data from the flow cytometry experiments did not completely agree with
previously published literature for the expression of TLR9 in B-cells and other cells,
and did not fully support the RT-PCR data, western blotting was performed to try to
detect TLRY protein expression by the different cell lines.

In the initial experiments, [ used U266, Karpas and untransfected Hek293 cell lines,
negative for TLR9 mRNA expression by PCR, as negative controls in western
blotting and studied RPMI and Ramos cell lines, positive for TLR9 mRNA
expression, for their TLR9 protein expression by western blot. Cells were lysed
using the Tri-reagent lysis buffer and 10pg protein from each cell line was loaded
into the gel. After electrophoresis and transfer, membranes were incubated overnight
with 1:300 anti-TLR9 mAb (IMGENEX, USA), washed and stained with secondary
Ab. Clear band between 100 and 150 kDa was observed with RPMI cells and to a
lesser extent in RAMOS, while a very faint band was seen in Karpas, and none in
U266 and Hek293 (Figure 2.17A). On the other hand, they did not show clear bands
of the predicted size (116 kDa) for TLR9. The same membrane was stripped and
blotted with 1:300 of the polyclonal Ab of anti-TLR9 (N-15) goat polyclonal IgG
(Santa Cruz, USA). This did not show an observable band of the appropriate size
(Figure 17B) in any ofthe cell lysates, while p-actin was detected at similar levels in

all lysates (Figure 2.17C).

Hek293 17266 RPMI Karpas RAMOS

A WB: TLRY imgenex
116kDa
»" " Ha

B WB: TLRY Santa Cruz 116kOa-
121Dy

C B- actinWB. 42KDa

Figure 2.17. Tumour B-cells lysed by Tri Reagent™ (Sigma, UK) and blotted using two different
TLRY9 antibodies. Hek293 cells were used as a negative control. A) Membrane blotted with Anti-
TLR9 mAb (IMGENEX, USA). B) The same membrane after stripping and blotting using polyclonal

Anti-TLR9 antibody (Santa Cruz,USA). C) Protein levels of loaded samples using p-actin antibodies.

U266, Karpas and Hek293 cell lines were used as a negative control (based on PCR results).
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Given that the level of endogenously expressed TLRY is very low in B-cells (Chen W
et al., 2005), western blotting using Tri-reagent lysis buffer may not be sufficiently
sensitive to detect TLR9 protein, even when present. Dr. Leifer (Cornell University.
NY, USA; personal communication) recommended the use ofthe lysis buffer used in
Latz et al., 2002 and to do immunoprecipitation before western blotting (Latz et al.,
2002). Lysing the tumour B-cells, immunoprecipitating the clear lysate with 1:300
anti-TLR9 (N-15) goat polyclonal IgG (Santa Cruz, USA), and western blotting with
the same antibody, did not show any band at appropriate size (Figure 2.18A), but a
105 kDa band was seen in each lane. Similar results were seen after stripping the
membrane and re-probing it with 1:500 anti-TLR9 mAb (IMGENEX, USA), (Figure
2.18b). Again a band at 105 kDa size was detected in all of the cells tested with
IMGENEX mAb (Figure 2.18B). An additional band was seen in U266, Ramos and
Hek293 cells at the size of 150 kDa, but none of the cell lines showed any band at
the 116 kDa size after western blotting them by IMGENEX mAb (Figure 18B). Dr.
Cynthia Leifer (USA, personal communication) observed that a band at about 160
kDa for TLRO in the anti-TLR9 IP from the Ramos cells should be seen. Also, HA-
TLRY tagged Flek293 transfected cell should show an expression at about 160 KDa

by western blotting.
A. IPAVB: anti-TLR9 Santa Cruz :pmi 1-25c Karpad Ramo; Hek2>J

ISOKDa—

116 KkDa-
IDOKDa-

B. BP: anti-TLR9 Santa Cruz
WP: anti TLR9 IMGENEX
150KDa-

116 KkDa -

100KDa-

Figure 2.18. Immunoprecipitation of different tumour B-cells and Hek293 tumour cells using anti-
TLRY antibody (Santa Cruz, USA). A) IP and WB with the same antibody (anti-TLR9 antibody
(Santa Cruz, USA). B) IP with anti-TLR9 antibody (Santa Cruz, USA) and WB with anti-TLR9 mAb
(IMGENEX, USA). U266, Karpas and Hek293 cell lines were used as a negative control (based on
PCR results).

Using a third TLRY specific antibody, IP/WB with rat anti-TLR9 (eBioscience,
USA) also could not detect the presence of hTLR9 of the predicted size (116 kDa),

but in most of'the cells an 80kDa band was observed (data not shown).
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In view of the fact that flow cytometry could not reveal which cell lines are clearly
positive or negative for TLR9 protein expression, and that immunoprecipitation and
western blotting indicated bands between 80-150 kDa seen in both TLR9 positive
and TLR9 negative cells by RT-PCR, a control group of experiments was carried
out. Ramos, RPMI, U266 and Hek293 cell lines were immunoprecipitated with
affinity purified rat IgG2a isotype control (eBioscience, USA) in parallel with anti-
TLR9 antibodies (eBioscience, USA), and were then western blotted with the 1:500
anti-TLR9 (eBioscience, USA). Bands of 120 kDa and 90 kDa were seen only with
all the isotype control IPs. On the other hand, a 200 kDa band was seen in cells
immunoprecipitated with anti-TLR9 Ab (eBioscience, USA), but not with isotype
control IPs (data not shown) although U266 and Hek293 are TLRY negative by PCR.

Several reports studying TLR9 function had used Hek293 cell lines as a TLR9
negative model for transfection studies (Eaton-Bassiri A et al., 2004; Latz E et al.,
2004; Latz E et al., 200b; Hoene et al., 2006). To have a definite positive control for
the IP/WB, Hek293 and HeLa cells were transfected with expression plasmids
containing full length TLRY, with and without HA-tag, using pDisplay-HA/hTLR9
or pCIneo-hTLR9 expression plasmids, and chemically selected in G418 to generate
stable transfection. As controls, cells were transfected with the empty vector
pDisplay or pClneo. Cells were lysed with the Latz et al., lysis buffer and
immunoprecipitated and blotted with either purified anti-TLR9 (eBioscience, USA)
or anti-HA high affinity rat mAb-clone 3F10 (Roche Applied Sciences, UK) which
is specific for HA-tag that is present in pDisplay plasmids. The isotype control lysate
was immunoprecipitated with mouse IgG1 or rat IgG2a respectively. IP/WB with
anti-TLR9 (eBioscience, USA) did not show the band of interest (data not shown).
Immunoprecipitation and western blotting with 1:50 anti-HA peroxidase high
affinity rat mAb-clone 3F10 (Roche Applied Sciences, UK) showed two bands over
100kDa (110 and 140 kDa), only in Hek293 HA/TLR9 cells, but not in HeLa
HA/TLRO cells, whereas their isotype controls and the non transfected Hek293 and
HeLa cells showed a weak band at 150 kDa (Figure 2.19A). Re-blotting the same
membrane with 1:500 affinity purified anti-hTLR9 (eBioscience, USA) overnight,
no bands were seen between 100-150 kDa in the Hek293 HA/TLR9 nor the other
cells (Figure 2.19B).
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Figure 2.19. Immunoprecipitation / western blot for the presence of TLR9 protein in different
HA-tagged transfectants of Hek293 and HeLa tumour cells using anti-HA antibody (Roche
Applied Sciences, UK) and anti-TLR9 antibody (eBioscience, USA) after lysis with Latz et al,
lysis buffer. Isotype controls for each cell line were used as a negative control. A) IP/WB with
anti-HA Ab (Roche Applied Sciences, UK). B) IP with anti-HA Ab (Roche Applied Sciences,
UK) and WB with anti-TLR9 antibody (eBioscience, USA).

Knowing that researchers used large amounts of protein for the IP (Hoene et al.,
2006), as the endogenous level of TLR9 was low (Chen W et al., 2005), and some
used RIPA lysis buffer to lyse the cells, experiments were repeated using 1x107of
cells lysed by the two different lysing buffers (Latz et al., or RIPA lysis buffer), and
immunoprecipitated in 1:50 anti-HA high affinity rat mAb-clone 3F10 (Roche
Applied Sciences, UK) overnight. Meanwhile, the isotype control cells were IP with
affinity purified Rat IgG2a Ab (eBioscience, USA). Western blotting was followed
with anti-HA rat mAb-HRP clone 3F10 (Roche Applied Sciences, UK). Blots lysed
with RIPA lysis buffer, showed a 120 kDa faint band only in Hek293 and HeLa cells
transfected with pDisplay-HA/hTLRO (Figure 2.20), but not in the lanes precipitated
with isotype control antibodies. Anti-HA rat mAb is specific for HA-tag which is
present in pDisplay plasmids. pDisplay transfected Hek293 and HeLa cells showed a
band slightly lower than 120kDa. Using Latz et al., lysis buffer and IP/WB same
cells, a band at 120kDa was only detected in Hek293 HA/TLRO (data not shown).
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Figure 2.20. Immunoprecipitation / western blot with anti-HA Ab (Roche Applied Sciences, UK) for
the presence of TLR9 protein using RIPA lysis buffer in HA-tagged TLR9 transfected epithelial
tumour cells Hek293 and HeLa and their empty plasmid controls. IgG isotype for each cell line and

untransfected Hek293 cells were used in immunoprecipitation as negative control.

The same membranes (lysed with RIPA or Latz et al., lysis buffers and IP with anti-
HA mAb) were stripped and blotted with 1:200 affinity purified rat anti-hTLR9
(eBioscience, USA). RIPA lysed blots showed a 120 kDa band for HeLa HA/TLR9
and a faint one for Hek293 HA/TLRY (Figure 2.21 A), but non-specific bands of
other sizes were seen on the other cells. For Latz et al., lysed blots, a band at 120
kDa was clearly detected in Hek293 HA/TLRY, but non-specific bands were seen in
the other cells (Figure 2.21B).

HfLi Hf-Li  Hpi25*3 Ht*2*J Hf-Li  H*L» HtUW HtIW H*USJ
HA.TLK* HATLKS HATLRS HATLKS pDtpii.y pDipliy pDepiiy pl>cpJry
IP: anti-HA
WB: anti-TLR9
RIPA Lysis buffer

100KDa-

250KDa—
IP: anti-HA ISOKDa-
WB: anti-TLR9 IDOKDa-

Latz et alLysis buffer

Figure 2.21. Immunoprecipitation with anti-HA Ab (Roche Applied Sciences, UK) and Western
blotting with anti-TLR9 antibody (eBioscience, USA) for the presence of TLR9 protein using two
different lysis buffers in HA-tagged TLRO transfected epithelial tumours and their empty plasmid
controls. IgG isotype for each cell line and untransfected Hek293 cells were used in
immunoprecipitation as negative control. A) Cells lysed with RIPA lysis buffer. B) Cells lysed with
Latz et al., lysis buffer.

Overall, the use of three different antibody products specific for TLRY in
immunoprecipitation and western blotting could not consistently detect the
expression of TLR9 in the haematological and non haematological tumours or stable
TLRO transfectants in a significant way, with some doubts about their quality for this
purpose. Using large amount of anti-HA Abs in IP/WB and lysing the protein in
RIPA lysis buffer showed a faint band of approximately the right size, although even
the right size ofthe TLRY band is of doubt. Although 115-120 kDa is predicted to be
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the specified size for the expression of TLR9 protein in most publications, Leifer C
(USA) recommended looking at 160kDa band in every cell type (personal
communications), presumably as a result of post translational modification of the
protein. The non-transfected cells did not show TLR9 expression with any of the

different ways of immunoprecipitation and western blotting.

The data suggest that levels of TLR9 protein expression, even following forced,
transgenic expression, may be too low to reliably detect by western blotting, with or
without prior immunoprecipitation. Such results made it essential to verify TLR9

protein expression in tumour cells through a third method.

2.3.2.3 Confocal immunofluorescent microscopy:

To this point, I had shown the expression of TLR9 at the mRNA level by RT-PCR.
In addition, I had investigated TLR9 protein detection by flow cytometry or IP/WB,
however, they did not yield reliable results. A third method was therefore used to
determine its protein expression and cellular localisation. Confocal microscopy
technique is an immunofluorescent method where the cells can be stained
extracellularly and/or intracellularly with anti-TLR9 mAb to detect the TLR9 protein
expression and its localisation. In this method I have used an indirect staining
method, using an affinity purified anti-human TLR9 rat mAb (eBioscience, USA)
and a secondary Ab, goat polyclonal anti- rat IgG FITC Abs (Abcam, UK) to
determine the expression of TLR9 protein in normal and tumour cells. To detect the
efficiency and specificity of the technique, I have tested them on TLR9-transfected
Hek293 cells which showed previously a high level of TLR9 mRNA expression.
Hek293 TLR9 cells were stained with anti-TLR9 mAb cell-surface, and permealised

for intracellular TLR9 expression.
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Figure 2.22. Confocal microscopy images of transfected Hek293 cells stained for extracellular (a & c)
and intracellular (b & d) expression of TLRY (green), (a & b) Hek293 TLRO transfected cells, or
mock plasmid pCl-neo transfected cells (¢ & d). Hek293 transfected cells were incubated with 1:20
dilution of affinity purified anti-human TLR9 rat mAb (eBioscience, USA). This experiment was

done once in duplicate.

Figure 2.22 shows intracellular, but not extracellular expression of TLR9 in (some)
TLRO transfected, but not mock transfected Hek293 cells, also TLR9 construct gene
was not expressed by all TLR9 transfected Hek293 cells indicating low transfection
efficiency. To investigate the specificity of TLR9 antibody used in the last part,
HA/TLRO transfected Hek293 cells were tested using either anti-human TLR9 rat
mAb (eBioscience, USA) or anti-HA high affinity rat mAb-clone 3F10 (Roche
Applied Sciences, UK) to detect TLR9, or haemagglutinin attached to TLR9 gene,
construct respectively. Hek293 cells transfected with HA/TLR9 or its mock
construct (pDisplay) were stained extracellularly and intracellularly to determine the
presence and localisation of HA, and hence the expression of TLR9 gene. As
indicated in Figure 2.23, extracellular staining of HA/TLRY transfected or mock
transfected Hek293 cells did not show any expression. Meanwhile, intracellular
staining with anti-TLR9 or anti-HA mAbs showed a significant stain of Hek293
HA/TLRO transfected cells due to the presence of TLR9 and/or HA genes, indicating
intracellular expression of TLR9 in Hek293 HA/TLRY cells, but no expression was
seen in the mock transfected controls. No clear difference was noticed in staining

between the two different antibodies. However, only 30-40% of TLRO transfected
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Hek293 cells showed TLR9 expression, which indicates that not all cells express
TLRO (Figure 2.23). Mock transfected cells and isotype stained cells (shown only for
extracellular Hek293 pDisplay and intracellular Hek293 HA/TLRY9 as a
representative example respectively) were used as a negative control in

immunofluorescence staining, where they did not show TLR9 expression.

Hek293 HA/TLR9
Extracellular
Anti-TLR9

Hek293 HA/TLR9

Intracellular
Anti-TLR9

Hek293 HA/TLRY

Extracellular
Anti-HA

Hek293 HA/TLRY9

Intracellular
Anti-HA

Hek293 pDisplay
Extracellular
Anti-HA

Hek293 ELATLRY
Intracellular
Anti-Isotvpe

Figure 2.23. Confocal microscopy images of transfected Hek293 cells with pDisplay HA/TLRY9 and
pDisplay alone. Extracellular (a-c) and intracellular (d-f) staining for expression of TLR9 (green) (d
& e) or mock plasmid pDisplay transfected Hek293 cells (c). Hek293 HA/TLRY transfected cells and
mock transfected cells were stained with Golgi stain (red) (NBD C6-ceramide complexed to BSA
(Invitrogen, UK) and incubated with 1:20 dilution of affinity purified anti-human TLR9 rat mAb
(eBioscience, USA) (a&d) or with anti-haemagglutinin (HA) high affinity rat mAb-clone 3F10
(Roche Applied Sciences, UK) (b, ¢ & ¢). Mock Hek293 pDisplay cells and Hek293 HA/TLR9 cells
stained with the isotype antibody (f) were used as negative control. This experiment was done once in

duplicate.

To further address the expression and localisation of TLR9, tumour cells (TH044,
LILA, U266, Karpas 707H, BJAB and Hek293 HA-TLRO transfected cells) were
stained with ceramide-BSA complex, which is a red fluorescent structural marker for
Golgi Complex (NBD Cé6-ceramide complexed to BSA; Invitrogen, UK), and
counterstained for TLR9 expression using anti-human TLR9 rat mAb (eBioscience,
USA) (Figures 2.24). As B-lymphocytes contain a large nucleus and very little
cytoplasm, the Golgi complex was relatively not resolved with high precision in
these cells, but still TLR9 gave distinguishable green staining that colocalised with
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the red Golgi stain. On the other hand, TLRY stain in Hek293 HA-TLRY transfected

cells was seen in the cytoplasm and not in Golgi complex (Figure 2.23), indicating

that TLRY transfected cells might reside in a different cellular compartment.

A) Karpas
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THO044
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THO044
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Lila
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THO044

Intracellular
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Figure 2.24. Confocal microscopy images oftumour B-cells extracelluarly and intracellularly stained

for TLR9 (green) and Golgi stain (red) (NBD Cé6-ceramide complexed to BSA (Invitrogen, UK).

Cells were incubated with 1:20 dilution of affinity purified anti-human TLR9 rat mAb (eBioscience,

USA) or with the isotype antibody a negative control. This experiment was done once in duplicate.
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Figure 2.24 shows some representative images for TLR9 expression in ex vivo
THO044 cells, and tumour B-cells (Karpas, U266, Lila and BJAB) from different
differentiation stages. TLR9 protein was not detected in multiple myeloma Karpas
707H and U266 cell lines either intra- or extracellularly (Figure 2.24 a-c). This result
is consistent with the mRNA expressions of TLR9 detected with PCR techniques
(section 2.3.1.1). Figure (2.24 d-k) represents tumour B-cells that had been shown to
be TLR9 positive by RT-PCR. None of them was positive by extracellular staining
for TLR9, whereas all were positive by intracellular staining for TLRY. Isotype

control stains were negative.
This would indicate that TLR9 is expressed intracellularly in TLR9 positive tumour

B-cells and is not expressed extracellularly, which was consistent with flow
cytometry results (section 2.3.2.1).
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2.3 Discussion

Understanding the expression of functionally active TLR9 in human normal and tumour
cells is an important consideration for the use of CpG in tumour immunotherapy. Whilst
most studies have investigated the expression and role of TLR9 in normal cells of the
immune system, considerably less is known about its expression and function in tumour
cells. Detecting the TLR9 level of expression and the limits of activation in tumour cells
would reveal its importance for influencing the immune system in relation to the
potential role of TLR9 agonists in cancer immunotherapy. The goal of this part of the
study was to investigate the extent and levels of TLR9 expression across a range of
tumour types, and to identify tumour cell lines that are characterised by a high level of
TLR9 expression for further studies on the role of TLRY in these cells following
stimulation with CpG ODN.

Although it was expected that the localisation of TLR9 and its translocation upon
activation would add another important link with the innate immunity, there are no clear
data available to show the importance between the localisation and function of the
receptor. Barton and colleagues (2006) reported that the intracellular localisation of the
TLR9 ensures that activation happens only upon the recognition of foreign CpG DNA,
but not self-DNA. On the other hand, they showed that the surface expression of TLR9
did not prevent this recognition, but conferred the ability to recognise mammalian DNA.
They suggested that the intracellular localisation is not required for the recognition, but
it is significant in controlling the accessibility of TLR9 to the different DNA sources,
and its localisation is crucial in differentiating self from non-self nucleic acids (Barton
GM et al., 2006). The method by which TLR9 gains access to internalised CpG ligands
in human is still incompletely understood, although some recent studies on mice
indicated the involvement of a multi-transmembrane-domain-containing protein
(UNC93B1) in TLR9 trafficking from ER to the endosome (Brinkmann MM et al.,
2007; Kim YM et al., 2008).

Previous studies have reported that TLR9 mRNA was found at high levels in normal
tissues extracted from skeletal muscles and spleen (Du, X ef al., 2000; Nishimura M et
al., 2005). In humans, high signal intensities were also detected for TLR9 transcripts in
the cytoplasm of lung cancer tissue specimens and they were functionally active while

normal lung tissues showed weak expression of TLR9 (Droemann D et al., 2005). Platz

80



J and colleagues reported a weak expression of TLR9 in respiratory epithelial cell lines
and primary epithelial cells (Platz J et al., 2004). These data suggested that TLR9 may

be more widely expressed than solely in cells of the immune system.

To determine the expression of TLR9 in the haematological and non-haematological
tumour cells I used methods to detect it on both levels of mRNA and protein expression.
Determining the expression of TLR9 at the mRNA level was done by RT-PCR, and
qRT-PCR, whereas the protein level by flow cytometry, western blotting, and confocal
microscopy. In this work, I have established a positive control model by transfecting a
TLR9Y construct gene (alone or with haemagglutinin tag) into cell lines known not to
express (or only to express at very low levels) TLR9, Hek293 and HeLa cell lines. A
stable transfection was achieved, and TLR9 expression was detected at the mRNA level.
Hek293 transfection showed a higher level of TLR9 mRNA expression than in HeLa
cells, which was very low to almost negative for HeLa TLR9 cell line. Hek293 and
HeLa cells were also transfected with the empty plasmid for each construct gene, where
those mock transfectants showed no expression for TLR9. This would indicate that
TLR9 mRNA expression detected by PCR was from the presence of TLRY construct
gene. Having validated the PCR method in this way, I used it to detect the expression of
TLR9 mRNA in normal B-cells and a variety of tumour cells representing different

stages of B-cell differentiation.

TLR9 mRNA expression was detected in many haematological normal and tumour cells.
Normal peripheral blood mononuclear cells (PBMCs) and separated B-cells (CD19" B-
cells) were tested from six healthy adults (three for each), detecting TLR9 mRNA in
each case. CD19" ex vivo B-cells showed a clear TLR9 band expression by RT-PCR,
and a highly significant expression level by QRT-PCR (more than 4x10" AU), that was
the highest compared with the PBMCs and tumour cells. Normal PBMCs cells showed a
significant expression of TLR9 mRNA (more than 1x102 AU). This was expected, as
TLRY is mostly expressed by B-cells which represent approximately 5% of cells in
PBMCs. Most of the haematological tumour cells tested showed TLR9 mRNA
expression, with a variation in its levels in each cell. Cells (PBMCs, CD19*, TH044,
FC029 and B-CLL ex vivo B-cells and RPMI, Ramos, Raji, ELIJAH, BJAB, 380, Lila
and Tanoue tumour B-cells) expressed more than 1x102AU TLR9 mRNA level, and
were considered positive for TLR9, whereas in HL-60, JVM-2 and KG-1 tumour cells

81



were considered low/equivocal, as TLR9 mRNA level was between 1x10? and 1x107
AU. Tumour cells (U266, Karpas 707H and HMy-2) with less than 1x10°AU TLR9
mRNA level were considered negative for TLR9 expression. These results are consistent
with publications where Ramos, RPMI 8226, PBMCs, BJAB cells were used as a
positive control for TLR9 expression (Leifer CA et al., 2004; Takeshita F et al., 2004,
Baiyee EE et al., 2006; Longo PG et al., 2007 respectively). Brouke E and colleagues
(2003) reported that, Epstein-Barr virus (EBV)-transformed cell lines and other cell
lines representative of mature B-cell neoplasias (Burkitt’s lymphoma and follicular
lymphoma) expressed TLR9 mRNA, whereas pre-B cell lines were negative. Also,
Jahrsdorfer B and colleagues (2005) reported that TLR9 mRNA was present in B-CLL
but absent in plasmacytoma isolated from bone marrow of patients with multiple
myeloma, this was consistent with my results were B-CLL cells expressed TLR9 mRNA
while Karpas and U266 multiple myeloma cell lines did not.

To determine TLR9 mRNA expression in non-haematological tumour cells, epithelial
and melanoma cell lines MCF-7, CORL-47, HeLa, Hek293, DU-145, HRT-18 and
WM1361A were tested. According to their TLR9 mRNA expression levels most of them
were less than 1x102AU indicating negative TLR9 mRNA expression. HeLa and HRT-
18 tumour cell lines showed a weak/low positive TLR9 mRNA expression (more than
1x10AU, but less than 1x10?AU). TLRY transfected Hek293 cells were more than
1x102AU indicating that they are TLR9 mRNA positive cells. Untransfected and mock
transfected Hek293 cells did not express TLR9 mRNA as they showed mRNA level less
than 1x102 AU. In TLRO transfected HeLa cells, HeLa HA/TLR9 were the only cells
that showed TLR9 mRNA level, above 1x102 AU, whereas it did not show a significant
TLR9 mRNA expression in HeLa TLRY cells (less than 1x10°AU). Untransfected and
mock transfected HeLa cells showed low/equivocal TLR9 mRNA level (between 1x107
and 1x10% AU). Such results were also found in others work (Hoene V et al., 2006).

The expression levels in human epithelial tumour cell lines and mock transfected
Hek293 cells were almost similar to the ‘negative’ cell lines U266, Karpas and HMy-2.
HeLa TLRY cells showed some TLR9 mRNA expression, to levels similar to weak
positive B-cell lines, HL-60, JVM-2 and KG-1, suggesting that they were not highly
transfected. In contrast, TLR9 transfected Hek293 cells showed TLR9 mRNA levels
similar to Ramos and 380 tumour B-cells, suggesting that Hek293 was successfully
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transfected with TLR9 and HA/TLRS. The very low basal levels of TLR9 mRNA
expression in the epithelial tumours might render them to be non-functional as toll like

receptors.

Several reports indicated the expression of TLR9 protein by flow cytometry.
Extracellular expression of TLR9 by B-cells and TLR9 transfected Hek293 and HeLa
cells has been investigated by some groups, using indirect colour labelling techniques
(Eaton-Bassiri A et al., 2004; Baiyee EE et al., 2006). Their TLRY intracellular
expression was also reported in several publications (Cynthia A et al., 2004; Latz E et
al., 2004b; Fransson M et al., 2007; Nakano S e al., 2008). In this study, looking for the
TLRO9 protein expression by flow cytometry using a direct stain revealed that the surface
protein expression of TLRY in resting human B cells (CD19") and a broad range of
different cell types were low to undetectable. TLRY transfected Hek293 and HelLa cells
also showed no clear surface expression of TLR9. Similarly, indirect immunofluorescent
staining and confocal microscopy could not show a clear surface expression in TLR9
transfected Hek293 cells and the other TLR9 positive (by RT-PCR) tumour cells tested.
On the other hand, conflicting data have been reported concerning the cell surface TLR9
expression. Eaton-Bassiri and colleagues (2004) reported that the average frequency of
cell surface TLR9 expressing PBMCs was 10.1% + 5.7% of live gated cells, relative to
0.9% £ 0.4% for isotype control. Dasari P et al., (2005) had detected the surface
expression of TLR9 on 15-90% of resting B cells using a three colour flow cytometry
method. Meanwhile, initial TLR9 transfection studies (Takeshita F ez al., 2001; Chaung
TH et al., 2002) staining with the anti-tagged Abs (HA- and Flag- tags respectively)
found that TLR9 was expressed on their cell surface after TLR9 transfection. Later on,
Latz E et al., (2004b), using the eBioscience rat anti-human TLR9 mAb, could not
detect cell surface TLR9 expression by confocal microscopy on TLR9 transfected
Hek293 cells. In my study, cell lines tested were not identical in their MFI for surface
staining with anti-TLR9 mAb, which was consistently higher than the isotype control,
but with no correlation with TLR9 mRNA expression by RT-PCR.

As a conclusion, detecting TLR9 surface expression in tumour cells may depend on a
number of factors including cell type and method used. Researchers who have been able
to detect TLR9 surface expression worked mostly on normal B-cells or

macrophages/monocytes and used an indirect method of either three colour stain for
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TLRY (Dasari P et al., 2005) or indirectly looking for a conjugated tag (Takeshita F et
al., 2001; Chaung TH et al., 2002). Working with a direct staining technique to detect
TLR9 protein might not be sufficiently sensitive to give clear results.

Moreover, an apparent intracellular expression of TLR9 was noticed in cells showing
MFT ratios more than three between TLR9 and the isotype control, which was broadly
consistent with the results by RT-PCR. Comparing the MFI ratio for the intracellular
expression of TLR9 in haematological tumour cells with the positive control of resting
CD19" B-cells, U266 and Karpas tumour B-cells (TLR9 negative by RT-PCR) showed
less than three folds. The data suggest that, MFI TLRY/isotype control ratio of greater
than three might correlate with intracellular TLR9 protein expression. However, using a
blocking peptide did not make any noticeable difference in comparison with the non-
blocked stained PBMCs for the intracellular expression of TLR9, suggesting that
staining with the anti-TLR9 antibody compared with the isotype control was not antigen
specific. CpG-ODN activated PBMCs and BJAB cells showed a significant upregulation
in the intracellular expression of TLR9 compared with the resting non-activated cells.
Furthermore, TLR9 transfected Hek293 cells and HelL.a HA/TLR9 tumour cell did show
a clear increase in MFI ratio compared with the untransfected or mock transfected
Hek293 and HeLa cells which was consistent with qRT-PCR results. These results are
consistent with other researchers where they found that TLR9 is retained intracellularly
and not detected on the cell surface in cells endogenously expressing TLR9 as Ramos
cell line or in TLR9 transfected Hek293 cells (Leifer CA et al., 2004).

In summary for the flow cytometry results, no clear evidence of extracellular expression
of TLR9 by CD19" B-cells, some B-cell malignancies and TLR9 transfected Hek293
and HeLa cells, but possible weak intracellular expression in cells positive for TLR9 by
PCR, but data not conclusive. CpG-ODN activation increased levels of intracellular

expression of TLR9 protein in PBMCs and BJAB cells, but not extracellular expression.

Several reports studying TLR9 function had used Hek293 cell lines as a TLR9 negative
model for transfection studies (Eaton-Bassiri A ef al., 2004; Latz E et al., 2004b; Leifer
CA et al.,, 2004; Hoene et al., 2006). Hoene and colleagues (2006), have used Hek293
cells as a model and transfected them with hTLR9 gene construct, to have a positive
model for their study. Their RT-PCR and FACS data indicated that untransfected
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Hek293 cells also express TLR9, but at very low levels (Hoene et al., 2006). This was
consistent with my results for Hek293 and HeLa cells.

TLRO protein expression was detectable using immunofluorescent confocal microscopy
and showed an intracellular TLR9 expression in TLR9 transfected Hek293 cells, and
TLR9 positive (by PCR) TH044, LILA and BJAB cell lines, while it was negative for
the mock transfected Hek293 cells, TLR9 negative (by PCR) U266 and Karpas 707H
multiple myeloma cell lines and the negative controls stained with the isotype
antibodies. Less than 50% of TLR9 transfected Hek293 cells showed an expression for
TLRY by confocal microscopy. This might be due to several factors affecting stable
transfection. Stable transfection with linear DNA yields optimal integration of DNA into
the host genome, but it also results in lower DNA uptake by the cells. The plasmid
promoter is critical for efficient expression of the transfected gene, as strong CMV
promoter in the transfected plasmid might not be functional all the time. Also,
transfected DNA in stable transfection cells is integrated into the host chromosome, and
so depending on the site of integration, the flanking sequences might strongly influence
the expression of the DNA by either increasing or decreasing the expression of the gene
of interest. Finally, the cells with the inserted plasmid might lose their growth advantage
if the gene product has a negative effect, and the constitutive expression might decrease
with time (Qiagen transfection resource book,
http://www1.qiagen.com/literature/brochures/ttbr/1020182_BRO_TF_0302WW.pdf).

In summary, cells that showed mRNA expression of TLR9 (by PCR), also showed
intracellular TLR9 protein by confocal microscopy, and (to a degree) by flow cytometry,
but did not show clear evidence of cell surface expression. As the same monoclonal
antibody was used in these two methods, the data suggests that an indirect staining
method and confocal microscopy was a more sensitive method for detecting TLR9

expression than a directly conjugated monoclonal antibody and flow cytometry.

As publications stated (An H et al., 2002; Chen W et al., 2005; Baiyee EE et al., 2006),
TLR9 expression can be upregulated upon the activation of the cells. I have checked the
protein expression of TLR9 using immunofluorescent flow cytometry on resting and
CpG-ODN activated PBMCs and BJAB cells. Intracellular TLR9 protein expression was

significantly enhanced in the activated cells whereas it did not show any upregulation in
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the surface expression of TLR9 protein. I did not check TLR9 upregulation using the
other techniques, as it was not of the main aims in this work, as I mainly wanted to
check TLR9 expression in tumour cells. This could be done in future work, to detect the
effect of different factors on the upregulation of TLR9 in tumour cells.

Western blotting was also used to look for the expression of TLR9 protein in normal and
tumour cells. I did not find any consistent bands of an appropriate size, and there was
poor correlation between western blotting and either PCR or immunofluorescence
techniques. Cells were lysed with three different lysis buffers for the detection of TLR9
protein before western blotting, and no consistent bands of the appropriate size were
seen in cells from each lysis buffer. Furthermore, since the endogenous TLR9 protein is
low (Chen W et al., 2005), immunoprecipitation was a necessity before western blotting.
In addition, different clones of TLR9 antibodies were used in IP and WB to determine
the expression of TLR9 protein, and primary antibodies directed against either TLR9 or
HA-tagged proteins to determine TLRY expression in HA/TLRY transfected cells were
also used. While the size of hTLR9 is predicted to be 115.9 kDa (Chuang, TH et al.,
2000), in most of the published reports the size of the hTLR9 protein band was variable,
ranging from 100 to 200 kDa (Leifer CA et al., 2004; Hoene V et al., 2006) and others
did not even mention the size (Chen W et al., 2005). In my experiments, western blots
used did not show a detectable TLR9 protein band when lysed by either of the lysis
buffers (Tri reagent and Latz et al., buffers). IP/WB using anti-TLR9 antibodies revealed
variable and weak bands ranging from 80-150 kDa. However, bands of a similar size
were also observed with the negative controls for the TLRY, indicating that these were
not TLR9 specific. Tumour B-cells did not show a clear significant band for TLR9
protein expression. Researchers working on tumour B-cells showed TLR9 protein
expression by western blotting after stimulating the cells (Chen W et al., 2005), while in

my experiments I only attempted to detect their expression in a resting, non-active state.

Using immunoprecipitation of HA-tagged transfectants with large amounts of anti-HA
antibodies, after lysing with RIPA lysis buffer, and blotting with the same anti-HA
antibody, I was able to detect a faint band of the predicted size (120 kDa) in Hek293 and
HeLa HA/TLRY transfectants, whilst using Latz et al., lysis buffer showed it only in
Hek293 HA/TLRO transfectants. Immunoprecipitation with anti-HA did not show a
significant difference in the HA/TLRY transfected Hek293 and Hela cells from the
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mock transfectants, when anti-TLR9 mAb was used for western blotting, using the two
different lysis buffers. Hek293 TLRY9, Hek293 HA/TLR9 and HeLa HA/TLRY were
shown to express TLR9 mRNA by qRT-PCR, but almost ten times less than RPMI cell
lines which are known for their low endogenous TLR9 protein expression (Chen W et
al., 2005). As a conclusion, anti-TLR9 mAb might be of low affinity/avidity, or the

technique is not sensitive enough to detect the low TLRO protein expression.

Although TLRY antibodies used were produced to be applicable in FACS and IP/WB,
doubts were raised concerning their sensitivity, as other researchers could not get
reliable results for the detection of TLRY protein expression (Hoene V et al., 2006).
Whether this was due to the sensitivity of the antibodies or to the sensitivity of the
techniques, is not clear as their results were not conclusive. My results were consistent
with a recent study (Hoene V et al., 2006), which found that the use of TLR9 antibodies
was not conclusive, and the necessity for working with high amounts of total cellular
protein was required. From that, the necessity to use a sensitive detection method is

consistent with the low expression levels of TLR9 in the cells.

Recent studies (Latz E et al., 2004b) found that the majority of human TLR9 was
expressed intracellularly, but that TLR9 could also be surface accessible following
exposure to CpG-DNA. Failure to detect the cell surface TLR9 expression on human
cells does not mean that they are not expressed on the surface, but there might be low
surface expression level that was not detected in my assay. Theoretically, expression of
TLRO at the cell surface might be of crucial relevance for primary human antigen-
presenting cells, and required for those receptors to play an active role in cellular activity
or immune function (Eaton-Bassiri A et al., 2004). Not being able to detect the surface
expression of TLR9 in PBMCs, a known positive control for TLR9 expression,
compared with published data (Eaton-Bassiri A ef al., 2004; Dasari P et al., 2005)
indicates that the sensitivity of the antibody or the method was not sufficient to detect
the surface expression. Furthermore, most of the researchers looked at the expression of
TLR9 by immune cells using RT-PCR—-based methods (Hornung V et al., 2002; Brouke
E et al., 2003; Baiyee EE et al., 2006). There is less information available about the
cellular localisation of TLR9 due to the limited availability of monoclonal antibodies
directed against TLR9. For that, those who studied the expression by using monoclonal
antibodies, used indirect staining for immunofluorescence techniques and indicated that,

in PBMCs TLR9 was expressed on the cell surface and intracellularly (Eaton-Bassiri A
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et al., 2004; Dasari P et al., 2005; Baiyee EE et al., 2006). However, Latz E and
colleagues (2004b) and Leifer CA and her colleagues (2004) stated that TLR9
expression was absent from the plasma membrane of resting TLR9 transfected Hek293

cells, but present intracellularly which was consistent with my results.

Eaton-Bassiri and colleagues (2004) have reported the specificity and sensitivity of flow
cytometric human TLRO staining, by making their own anti-human TLR9 mAb, and
validated their results using immunofluorescence confocal microscopy technique.
Hence, they were able to detect TLR9 expression at the cell surface of primary human
cells, indicating that the failure to detect cell surface expression on primary human cells
may be due to low level of cell surface TLR9 expression, technique sensitivity and
antibody affinity (Eaton-Bassiri A et al., 2004). The need to generate a number of
monoclonal antibodies with high specificity and sensitivity for TLR9 is highlighted by
these data. The 8" International Workshop on human Leukocytes Differentiation
Antigen (HLDAS) Dec. 2004 (www.hlda8.org), had generated a number of monoclonal
antibodies for the different TLRs, but still need a highly sensitive one for the detection
of the low TLR9 expression.

In summary, this study reveals that the analysis of TLR9 expression in human tumour
cells is favoured by using immunofluorescence confocal microscopy and PCR, which
are sensitive methods. Immunofluorescence confocal microscopy method was the most
convenient method to localise the TLR9 protein expression, which was clearly expressed
intracellularly. qRT-PCR, a semi-quantitative method to assess the number of transcripts
of the target mRNA, was the most convenient method for TLR9 mRNA expression. In
agreement with the immunofluorescent flow cytometry results, I was not able to detect
TLR9 expression on the surface of TLR9 transfected Hek293 and HeLa cells or B-cell
lines, although they showed (weak) intracellular TLR9 expression by
immunofluorescent flow cytometry and confocal microscopy. WB/IP was not a specific
and sensitive method for the detection of the low TLR9 protein expression levels.
Therefore, immunofluorescence confocal microscopy was specific and sénsitive enough
to show the expression of TLRO protein and correlated with RT-PCR, indicating that the
antibodies used were indeed TLR9 specific. However, levels of expression of mRNA
may not correlate with expression of the protein. Longo PG and Colleagues (2007)

reported considerable variations in the levels of TLR9 mRNA and protein in normal
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PBMCs and B-CLL cells, but with no correlation with their CpG-ODN mediated
cellular proliferation response. This was also seen in my results, however, more
immunofluorescence staining and functional studies of TLR9-mediated cell activation
would be required to determine whether mRNA detection correlated with expression of

a functional protein.
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2.4 Conclusion

TLR9 expression was not convincingly demonstrated by flow cytometry and IP/WB
using monoclonal antibody stains of isolated human PBMC and/or haematological and
non-haematological tumour cells or TLRY transfectants stained for cell surface or
intracellular TLR9 expression. This may be due to limitations of antigen recognition,
antibody affinity/avidity by directly conjugated monoclonal antibodies in flow
cytometry, and unconjugated antibodies in IP/WB, or due to low levels of protein
expression, or a combination of the two. Another important factor that might contribute
is the sensitivity of the techniques. Immunofluorescent resuits obtained by confocal
microscopy using the same antibodies and an indirect staining method were consistent
with RT-PCR results, suggesting that antibody specificity was not the problem. The
differences between the flow cytometry, [IP/WB, immunofluorescent stain and the RT-
PCR for the expression of TLRY in this work suggest that immunofluorescence confocal
microscopy and PCR-based methods were the most sensitive techniques for the
detection of TLRY.

In conclusion, all of the tested haematological tumour cells were TLR9 positive with the
exception of multiple myeloma U266 and Karpas cell lines and EBV transformed B
lymphoblastoid HMy-2 cell line, whereas all of the non-haematological tumour cells
were negative for TLR9 expression, using PCR based methods. These results support the
assumption that different types of malignancies express TLR9 to markedly different
levels and are therefore likely to respond differently to treatment with CpG-ODN. This
would give the TLR9 positive tumour expressing cells a higher chance of
immunological treatment, depending on their response. Finally, CpG-ODN can activate
B-cells leading to upregulation of the intracellular TLR9 protein expression compared to
the resting cells. The expression of functionally active TLR9 in human tumour cells
would trigger the immune responses at both the innate and adaptive levels, promoting a
valuable method for the treatment of cancer. Accordingly, tumour cells that express a
functionally active level of TLR9 would have a better chance to be treated effectively.
Unfortunately, for tumour-immunologists, the cellular patterns of TLR9 expression vary
between different types of tumours and thus their response to CpG-ODN. For that
reason, further experiments, including RT-PCR and staining with specific and sensitive
TLR9 antibodies, seem necessary to clarify TLR9 expression patterns in various tissues

and to correlate that with the functional studies of TLR9-mediated cell activation.
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CHAPTER THREE
CpG-ODN mediated responses and TLR9

3.1 Introduction:

The immune system has developed defence mechanisms against viral and bacterial
infections by detecting subtle differences in the chemical structure between microbial
and host DNA. It uses TLRO (in the cells that express TLR9) for this detection by
looking for unmethylated CpG dinucleotides which are relatively common in viral and
bacterial genomes, but uncommon in mammalian DNA (Hemmi H et al., 2000). A
critical advance in understanding the mechanism of action for TLR9 was to identify its
synthetic agonist, CpG-ODN. Different classes of CpG-ODN are characterised, each
with distinct effects on the immune response, and CpG-B (‘K’-type) is particularly
effective for activating B-cells. The human type-B CpG motif 2006 CpG-ODN (5’- TCG
TCG TTT TGT CGT TTT GTC GTT -3’ (24 mer) oligo-nucleotide was identified and
developed (Hartmann G. and Krieg AM. 2000). 2006 CpG-ODN was used in the
majority of studies to activate human B—cells (Krieg AM 2002a; Krieg AM 2002b; Latz
E et al., 2004a; Vollmer J et al., 2004a; Jahrsdorfer B et al., 2005). In the first few
months of this study, I worked with 2006 CpG-ODN, which was then replaced with
10103 CpG-ODN by Coley pharmaceutical group-USA. 10103 CpG-ODN (5’- TCG
TCG TTT CGT CGT TTT GTC GTT -3’ (24 mer) is the new CpG-ODN type-B that
activates B-cells and modulates the immune response in the same way as 2006 CpG-
ODN. 10103 CpG-ODN differs from 2006 CpG-ODN by a single base, indicated in bold
type in the sequence above. ODN 2137 (5’-TGC TGC TTT TGT GCT TTT GTG CTT-
3”) in which the CpG motifs of ODN 2006 are inverted to GpC (indicated in bold type in
the sequence above), and which as a result possesses six TG dinucleotides (thymidine-

rich), was used as a non-CpG control in some of the studies.

The discovery of the receptor-ligand interaction between TLR9 and CpG-ODN shed
new light on the TLR9 identity and helped in identifying the functional effect of CpG-
ODN on cell lines and primary cells. Optimal CpG-B ODN is a strong mitogen for B-
cells. Limited information is known about tumour cells and their responses to CpG-
ODN activation, but such activation via TLR9 would be expected to make the tumour
cells more visible for innate and acquired immunity. Not all immune cells are known to

express TLR9 and not all the tumour cells examined in this work expressed TLR9
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(Chapter Two), therefore the response of the immune cells to the tumours might vary,
depending on whether the tumour cells are activated directly by CpG-ODN. CpG-ODN
mediates several immune responses in normal human B-cell (Jahrsdorfer B et al., 2001;
Verthelyi et al., 2001; Henault M et al., 2005; Grandjenette C et al., 2007). CpG-ODN
activated B-cells strongly proliferate and upregulate the expression of costimulatory

surface antigens, in addition to other immune mediated responses.

Jahrsdrofer B et al., 2005, tested different B-cell malignancies, and found that most of
them expressed TLR9 and responded to CpG DNA activation, with the exception of
plasmacytoma cells. As B-cell malignancies are derived from a potential antigen-
presenting cell, they might express TLRY at constitutively high levels. Following CpG-
ODN stimulation, intracellular TLR9 would internalize into an endoplasmic
compartment where CpG-ODN motif would recognize and bind TLR9, leading to the
rapid activation of adaptor molecules, MyD88, IRAK-1, IRF-7, and TRAF-6 (Akira S et
al., 2003; Akira S et al., 2004). This would go into a signalling cascade leading to the
rapid activation of several mitogen-activated protein kinases, including ERK1/2, p38
MAPK protein kinase, c-Jun NH,-terminal kinase (JNK), and PI3-kinase/AKT, in addition
to NF-xB complex, the down stream target of p38 MA*X, Finally, CpG-ODN activation of
tumour cells might result in the induction of cytokines such as TNF-a, IL-6, IL-10, IL-
12 and IFN-y (Wooldridge JE et al., 1997; Smith JB et al., 1998).

In normal B-cells, activation of TLR9 would activate those downstream signalling
kinase pathways resulting in the upregulation of the relevant surface markers (MHC
class II, CD54, CD80 and CD86) and cellular proliferation. Although haematological
tumour cells tested here are mostly B-cells, not all showed TLR9 expression, as
discussed in Chapter Two. However, there is only limited information on the CpG-ODN
sensitivity of tumour B-cells. Therefore, the aims of the present study were firstly to
identify CpG-ODN responsive tumour cells, the relationship between the expression of
hTLRY and the CpG-mediated response in human tumour cells, and to determine the
role of hTLR9 in CpG-mediated response in the human tumour cells. In addition to that,
to detect the CpG-mediated response in the TLR9 transfected Hek293 and HeLa cells.

This should define and characterize the CpG-ODN mediated response in CpG

responsive tumour cells.
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3.2 Materials and Methods:

3.2.1 Materials:

10103 CpG ODN (Coley Pharmaceutical, Canada)

Anti-CD54-PE (ICAM-1) mAb, Beckman Coulter, UK)

Anti-CD80-FITC mAb (clone MAB104, Beckman Coulter, UK)
CD86-PE mAD (clone HA5.2B7, Beckman Coulter, UK)

Anti-MHC II-FITC mAb (mouse anti-human HLA-DP DQ, Dako , UK)
IgG1-PE isotype control monoclonal antibody (Beckman Coulter, UK)
IgG1-FITC isotype control mAb (Beckman Coulter, UK).

Rabbit polyclonal anti-p-IkB-a Ab (Ser 32)-R Santa Cruz
Biotechnologies, Santa Cruz, USA)

Rabbit polyclonal IgG anti-IkB-a Ab (C-21), sc-371 Santa Cruz
Biotechnologies, Santa Cruz, USA)

Peroxidase-labelled anti-mouse IgG (NIF824, Amersham Biosciences,
Little Chalfont, UK).

Peroxidase labelled anti-rabbit Ab (NIF824, Amersham Biosciences,
Little Chalfont, UK)

p-actin/HRP antibody (Santa Cruz Biotechnologies, Santa Cruz, USA)
a-tubulin/HRP antibody (Santa Cruz Biotechnologies, Santa Cruz, USA)
Mouse polyclonal anti- p-ERK (E-4) Ab (Santa Cruz Biotechnologies,
Santa Cruz, USA)

Rabbit polyclonal affinity purified anti-ERK1 of rat origin (sc-94 Santa
Cruz Biotechnologies, Santa Cruz, USA)

Rabbit AKT/PKB [pS473] mAb (BioSource™ , Invitrogen, UK)

Goat polyclonal affinity purified antibody to Aktl of human origin (C-
20), ( sc-1618 Santa Cruz Biotechnologies, Santa Cruz, USA)

A non radioactive p38 MAP Kinase assay kit (New England BioLab,
UK)

Beadlyte® Human Multi-cytokine Beadmaster™ Kit (Milipore, UK)
[methyl->H] thymidine (GE Healthcare, UK, Ltd)

Salmonella  abortus  equii  lipopolysaccharide (LPS) (Alexis

Biochemicals, Lausen, Switzerland).
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3.2.2 Methods:

3.2.21 CpG ODN activation dose and time course:

To study the stimulatory effects of CpG-ODN, I had to determine the optimal
activating dose and time of CpG-ODN to mediate a response in tumour cells.
Although publications recommended Spg/ml of 2006 CpG-ODN type-B as an
optimal dose to activate human B—cells (Jahrsdorfer B et al., 2005), I needed to
determine the proper concentration required to activate the different stages of
malignant B-cells. At the beginning of the project, I have used 2006 CpG-ODN
(Coley’s Pharmaceutical) to activate the tumour cells, but Coley’s Pharmaceutical
company changed it to 10103 CpG-ODN, so I had to move on and use 10103 CpG-
ODN afterward till the end of the project. Although 10103 CpG-ODN has the same
effect as 2006 CpG-ODN (personal contact with Coley’s Pharmaceutical), I had to
ensure that it is showing the same activation response. Furthermore I had to
determine the activating dose and time required for CpG-ODN stimulation. This was
evaluated by studying the surface expression and upregulation of relevant

immunological markers.

TLR9 positive cells (5x10° cells/ml) were either left untreated or stimulated with
0.1pg/ml, 1pg/ml, 3pug/ml and 12pug/ml 10103 CpG ODN (Coley Pharmaceutical,
Canada) for three days in supplemented growth medium and incubated in 5% CO, at
37°C. Surface marker expression was measured by flow cytometry as described in
section (3.2.2.7) to determine the optimal activating dose for the relevant surface

markers’ upregulation.

After determining the optimal activating dose, the cells were tested to determine the
best time for the activation. 5x10°cells/ml were treated with the appropriate
activating does of 10103 CpG ODN for one and three days to detect the best time for
the activation. The activity was determined by looking at the upregulation of the

relevant surface markers using flow cytometry.
3.2.22  Effect of 2137 non-CpG control vs. 10103 CpG-ODN:

Considering that ODN 2137 is produced as a non-CpG control ODN, I have used it

for a control group of TLR9 expressing tumour cells, and compared their results with
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the 10103 CpG-ODN. Both groups were tested for the upregulation of the surface
markers CD54, CD80, CD86 and MHC II.

3.2.2.3  Cell viability:

Cells were tested for their viability before and after the activation by counting the
number of viable cells, after mixing 20ul of cells with 20ul of trypan blue (Fischer
Scientific, UK). Percentage of the viable cells (excluding trypan blue) was calculated
from the total number of cells.

3.2.2.4  Western blot analysis of intracellular signalling pathway activation:

CpG-ODN mediates MAPK, AKT and NF-kB/IxB-o downstream signalling. To
determine the intracellular downstream signalling effect of CpG-ODN mediated
activation, Burkitt’s Lymphomas (RAMOS and BJAB) cells were tested for their
activation of intracellular signalling pathways. In addition, TLR9 transfected Hek293

cells and mock transfected Hek293 cells were tested for some activation products.

BJAB, Burkitt’s lymphoma B-cell (5x10%cells/ml) was activated with 3pug/ml 10103
CpG-ODN for up to 120 minutes to investigate the involvement of the different
signalling pathways mediated by CpG-ODN activation. Antibodies against ERK1/2,
AKT-1 and p38 activation product ATF-2, were used in western blots to determine

their activation by detecting the relevant phosphorylated product.

Five x10%ells/ml Burkitt’s lymphomas (RAMOS and BJAB) and TLRY and
pDisplay transfected Hek293 human cells were either left unactivated or activated
for various times (up to 120 minutes) using the appropriate activating dose of 10103
CpG-ODN (10ug/ul for Ramos and 3ug/ml for the other cell lines). For a known
control, PBMCs were treated with 1ug/ml of Salmonella abortus equii
lipopolysaccharide (LPS) (Alexis Biochemicals, Lausen, Switzerland), as indicated
to induce pIxB activation in macrophages (Kim CS et al., 2001).

A) Preparation of cell lysate:

To determine the activation of ERK and PI3K/AKT pathways, BJAB cells were
either left in medium alone (indicated as time 0) or activated with CpG-ODN for
up to 120 minutes for the ERK pathway, and 90 minutes for AKT pathway. Cells
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were centrifuged and washed with PBS for each time interval and then lysed for 30
minutes on ice with 0.5ml lysis buffer (20mM Tris HCI (pH 7.5), 15mM NaCl,
2.5mM Sodium Pyrophosphate, ImM EDTA, 1mM EGTA, 1% Triton X-100S,
ImM Na orthovanadate, 1mM -glycerolphosphate, and protease inhibitors
(Sigma,UK) of 10pug/ml Leupeptin, 10ug/ml Aprotinin and 10ug/ml Pepstatin).
For the p38MAPX pathway, cells were IP/WB and determined using a non
radioactive p38 MAP Kinase assay (New England BioLab, UK) as described in
section (3.2.2.5).

Similarly, 5x10%ells/ml of cells activated with CpG-ODN (RAMOS, BJAB,
Hek293 TLRY and Hek293 pDisplay) or LPS (PBMCs) for up to 90 minutes were
centrifuged and washed with PBS for IkB-a determination. The pellet of the
washed cells was lysed for 30 minutes on ice using 0.5ml RIPA lysis buffer (1%
NP-40, 0.5% Nadeoxycholate, SOmM Tris HCI, 150mM NaCl, ImM Na-fluoride,
30mM Na-pyrophosphate, 2mM EDTA, 0.1% SDS, 100uM Na-orthovanadate
1mM phenylmethanusulphonylfluoride (PMSF) and protease inhibitors (Sigma) of
10pg/ml Leupeptin, 10pg/ml Aprotinin and 10ug/ml Pepstatin). After lysis, the
samples were centrifuged at high speed (14,000 rpm) for 10 minutes at 4°C. The
supernatants were collected and dried using Bench-Top Freeze Dryer (ModulyoD
Freeze Dryer, Thermo Fisher Scientific, UK).

B) Gel Electrophoresis procedure.

After the BJAB cell lysis for the determination of ERK1/2 and AKT-1, the
samples were centrifuged at 14,000rpm for 10 minutes at 4°C and supernatant
collected in a new tube. The lyophilized supernatant for the IkB-o determination
was dissolved in 50ul of the lysis buffer. Protein concentration was estimated
using a microplate assay done according to the instructions of the mini-protean®II
and blotting system (BioRad, Hercules, USA). 20 pl of ERK and AKT lysed cells
were suspended in 20ul 2X loading dye with -ME (reduced) (BioRad, Hercules,
USA) and boiled for 5 minutes/95°C. 20ul of IxB-a lysate was resuspended in 20pl
Laemmli loading dye with B-ME (reduced) (BioRad, Hercules, USA) and boiled
for 5 minutes at 95°C. 25ul of ERK, AKT or IxB-a lysate from each interval time
was loaded on precast 12% SDS-PAGE gels (Ready gel Tris-HCL gels, BioRad,
Hercules, USA) and submitted to electrophoresis at 20mA for the stacking gel (10
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minutes) and 30mA for the resolving gel (40 minutes) to fractionate the protein
according to size, using premixed 1X Tris/Glycine buffer (BioRad, Hercules,
USA). Afterwards the proteins were transferred into a Hybond-C Super
nitrocellulose membrane (Amersham Biosciences, Little Chalfont, UK) at 300mA
for 90 minutes on ice using 1X Tris/Glycine/SDS buffer (BioRad, Hercules, USA).

C) Immunoblotting procedure.

The membrane blots were washed in 1X PBS — 0.1% Tween 20 three times for 5
minutes each time on the orbital shaker. To prevent the non-specific binding, the
membranes were incubated in 5% non-fat dry milk in 1X PBS — 0.1% Tween-20
for 1 hour. The membranes were washed in 1X PBS — 0.1% Tween-20 for 10
minutes and then the membranes were blotted with the specific antibody needed
for each pathway in 1X PBS — 0.1% Tween 20 for at least 18hours. For ERK 1/2,
blots were stained with 1:1000 mouse polyclonal anti- p-ERK (E-4) (Santa Cruz
Biotechnologies, Santa Cruz, USA) in 1% non-fat dry milk in 1X PBS — 0.1%
Tween-20 for 24 hours. This primary monoclonal antibody epitope corresponds to
a sequence containing phosphorylated Tyr 204 of ERK of human origin. On the
other hand, the membrane with AKT-2 lysates was blotted with 1:1000 rabbit
monoclonal AKT/PKB [pS473] in 1% non-fat dry milk in 1X PBS - 0.1% Tween-
20 for 24 hours. The membranes for the IxkB-o were blotted with 1:500 rabbit
polyclonal anti-p-IkB-a (Ser 32)-R (Santa Cruz Biotechnologies, Santa Cruz,
USA) in 1% non-fat dry milk in 1X PBS — 0.1% Tween-20 for 24-48 hours. This
primary antibody is recommended for detection of Ser 32 phosphorylated IkB-o. of
mouse, rat and human origin. The membranes were then washed in 1X PBS -
0.1% Tween-20 three times for 10 minutes each time. A secondary antibody was
diluted in 4% non-fat dry milk in 1X PBS — 0.1% Tween 20 and incubated for 1
hour. Peroxidase-labelled anti-mouse IgG (NIF824, Amersham Biosciences, Little
Chalfont, UK) at 1:1000 dilution was used for pERK 1/2 blots, while peroxidase
labelled polyclonal swine anti-rabbit immunoglobulins/HRP (Dako Cytomation,
UK) 1:1000 dilution was used for pAKT-1 and IkB-o blots. Membranes were
washed in 1X PBS — 0.1% Tween 20 three times for 10 minutes each time. The
protein bands were visualized by Chemiluminescence ECL Blotting detection kit

and exposed to Hyperfilm™ ECL Western (Amersham Biosciences, Little
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Chalfont, UK) for 1 minute to get bands at 42 and 44 kDa for pERK 1/2, 60 kDa
for pAKT-1 and 38 kDa for pIkB-a.

D) Stripping and membrane re-blotting procedure:

After investigating the presence of the phosphorylated form of ERK1/2 and AKT
following activation by CpG-ODN, the membranes were tested for the total
ERK1/2, AKT-1 and IxB-a proteins. The membranes were washed 10 minutes in
1X PBS — 0.1% Tween 20 and stripped with 0.15M Glycine (pH 2.2) and 1% SDS
in 1X PBS - 0.1% Tween 20 for 10 minutes three times. To stain the membranes
for the total proteins of each, they were blocked with 5% non-fat powdered milk in
1X PBS — 0.1% Tween 20 for 1 hour before blotting with ERK (sc-94), AKT-1 (C-
20) or IxkB-a (C-21) specific antibodies. A rabbit polyclonal antibody of ERK (sc-
94 Santa Cruz Biotechnologies, Santa Cruz, USA) was used for the detection of
ERK 1/2, whilst goat polyclonal affinity purified antibody raised against a peptide
mapping at the C-terminus of AKT-1 of human origin (C-20) (sc-1618 Santa Cruz
Biotechnologies, Santa Cruz, USA) was used for AKT-1 determination, and rabbit
polyclonal IgG anti- IkB-a ((C-21): sc-371 Santa Cruz Biotechnologies, Santa
Cruz, USA) was used for the IkB-a. Both ERK and AKT antibodies used were
diluted 1:1000, whereas it was 1:500 for IxkB-a. Antibodies were diluted with 1%
non-fat powdered milk in 1X PBS — 0.1% Tween 20 and blots were incubated for
24-48 hours. After washing the membranes three times (10 minutes each time)
with 1X PBS — 0.1% Tween 20, the membranes were exposed for 1 hour to a
secondary antibody diluted in 4% non-fat powdered milk in 1X PBS — 0.1%
Tween 20. The secondary antibodies used were either 1:1000 peroxidase labelled
polyclonal swine anti-rabbit immunoglobulins/HRP (Dako Cytomation, UK) for
ERK and IxB-a, or 1:2000 of polyclonal rabbit anti-goat immunoglobulin/HRP
(Dako Cytomation, UK) for AKT-1. Three washes in 1X PBS — 0.1% Tween 20
for 10 minutes each were done. ERK 1/2 blots showed 42/44kDa bands, while
60kDa bands for AKT-1 blots and 40kDa for IxB-a blot were visualized within 1

minute after the exposure to the ECL.

E) Loading control determination procedure:
To ensure that each well was loaded with the same concentration of protein, blots

were stained for a house keeping gene. The same membranes were washed for 10
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minutes in 1X PBS - 0.1% Tween 20 and blocked with 5% non-fat powdered milk
in 1X PBS - 0.1% Tween 20 for 1 hour. Then, ERK1/2 and IkB-a blots were
stained for expression of a-tubulin using a-tubulin/HRP antibody (Santa Cruz
Biotechnologies, Santa Cruz, USA) at 1:10,000 dilution for 2 hours, and AKT-1
blots and some of IkB-a blots for the expression of B-actin using B-actin/HRP
antibody (Santa Cruz Biotechnologies, Santa Cruz, USA) at 1:5,000 dilution for 2
hours. The membranes were then washed in 1X PBS — 0.1% Tween 20 three times
for 10 minutes each time. The a-tubulin and B-actin blotted membranes were
developed within 15 seconds using ECL Blotting detection kit, and images at
42kDa for B-actin and 60kDa for a-tubulin were observed. Band intensities were
quantified using a GS-710 densitometer (Bio-Rad, UK). The relative ratio of
phosphorylated and total bands to the house keeping bands was determined. The
activated Hek293 TLR9 cells were compared with the TLR9 negative construct in
activated Hek293 pDisplay cells.

3.2.2.5 p38 MAP Kinase activation upon TLR9 stimulation.

A non-radioactive p38 MAP Kinase assay kit (New England BioLab, UK) was used
to detect p38MAPK activation product (ATF-2) in BJAB cells in the presence or
absence of 3pug/ml of 10103 CpG-ODN.

A) Preparation of cell lysate.

BJAB, Burkitt’s Lymphoma B-cell (5x10%ells/ml), was activated with 3pg/ml
10103 CpG-ODN for up to 120 minutes. Cells were centrifuged and washed with
PBS for each time interval and lysed for 30 minutes on ice with 500ul of ice-cold
1X cell lysis buffer (20mM Tris (pH 7.5), 150mM NaCl, ImM EDTA, ImM
EGTA, ImM PMSF, 1% Triton, 2.5mM Sodium pyrophosphate, 1mM b-
Glycerolphosphate, 1mM Na3VO,, 1pg/ml Leupeptin). ATF-2 activation occurs
inside the nucleus, so lysed cells were sonicated on ice four times for 15 seconds/4
cycles each using soniprep 150 sonicator (Sanyo) to ensure the lysis of the nucleus.
Cells were micro-centrifuged 14,000xg for 10 minutes at 4°C and protein

concentration was determined using Lowry method.
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B) Immunoprecipitation/Western blotting procedure.

100pg protein from lysed and sonicated cells was immunoprecipitated using 20pl
bead slurry with immobilized phospho-p38™4P¢ (Thr180/tyr184) monoclonal
antibody, and incubated with gentle rocking overnight at 4°C. Cell
lysate/immobilized antibody was then micro-centrifuged at 14,000xg for 30
seconds and washed two times with 500l of 1X ice cold cell lysis buffer. Pellets
were washed twice with 500ul of 1X kinase buffer 25mM Tris (pH 7.5, SmM B-
Glycerolphosphate, 2mM DTT, 0.1mM Na3VO04, 10mM MgCl2) and kept on ice.
Each pellet was resuspended in 50ul of 1X kinase buffer supplemented with
200uM ATP and 1pl of kinase substrate ATF-2 fusion protein (GST fused to ATF-
2 codons 19-96 produced from E. coli expressing pGEXKG) to be incubated for 30
minutes at 30°C. Reactions were terminated with 25ul 3xSDS sample buffer,
vortexed and micro-centrifuged for 30 seconds at 14,000 xg. Samples were heated
to 95-100°C for 2-5 minutes and 30ul were loaded on 12.5% SDS-PAGE (Ready
gel Tris-HCL gels, BioRad, Hercules, USA). 10ul of bionylated protein marker
were loaded. The SDS-PAGE was submitted to electrophoresis at 20mA for the
stacking gel (10 minutes) and 30mA for the resolving gel (40 minutes) to
fractionate the protein according to size using premixed 1XTris/Glycine buffer
(BioRad, Hercules, USA). Afterwards the proteins were transferred into a Hybond-
C Super nitrocellulose membrane (Amersham Biosciences, Little Chalfont, UK) at
300mA for 90 minutes on ice using 1X Tris/Glycine/SDS buffer (BioRad,
Hercules, USA).

The membrane blots were washed in 1X PBS — 0.1% Tween 20 three times for 5
minutes each time on the orbital shaker. To prevent non-specific binding, the
membranes were incubated in 5% non-fat powdered milk in 1X PBS - 0.1%
Tween 20 for 1 hour. The membranes were washed with 1X PBS — 0.1% Tween
20 three times for 10 minutes, and blotted with 1:1000 phospho-ATF-2 (Thr76)
antibody in 1X PBS - 0.1% Tween 20 with 5% w/v BSA overnight at 4°C. The
membranes were then washed three times with 1X PBS — 0.1% Tween 20 for 10
minutes each. A secondary antibody was added with 1:2000 HRP-conjugated
antibody to detect the pATF-2 bands, and HRP-conjugated anti-biotin antibody
(1:1000) to detect biotinylated protein markers, in 10 ml of blocking buffer (4%
non-fat powdered milk in 1X PBS — 0.1% Tween 20) with gentle agitation for one
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hour at room temperature. The membrane was washed in IX PBS - 0.1% Tween
20 three times for 10 minutes each time. The protein bands were visualized by
Chemiluminescence ECL Blotting detection kit and exposed to Hyperfilm™ ECL
Western (Amersham Biosciences, Little Chalfont, UK) for 1 minute to get the
images of a band at 38 kDa. Band intensity was quantified using a GS-710
densitometer (Bio-Rad, UK).

3.2.2.6 Nuclear factor-KB luciferase assay, transient transfection assay.

Transient transfections using Effectene Transfection Reagent (Qiagen, UK) were
done according to the manufacturer’s instructions, using plasmid DNA of NF-kB
luciferase reporter construct (Figure 3.1) (a kind gift from Prof. L Ziegler-Heitbrock,
Department of Infection, Immunity and Inflammation, University of Leicester, UK).
The plasmid NF-kKB luciferase reporter vector contained three copies of the
prototypic NF-KB sequence from the mouse kappa light-chain enhancer cloned

upstream ofthe TATA box ofthe ppTATA luci reporter plasmid.

Cells transiently transfected with the construct gene were either the adherent Hek293
and HeLa epithelial cell lines transfected with pCIlneo-hTLRO9 or the empty plasmid
pClneo, or the suspension cells of PBMCs, RPMI 8226, BJAB and CLL B-cells. The
day before transfection, 5x105 cells/ml for the adherent cells and 5x106 cells/ml for
the suspension cells per well in six well plates were cultured in 3ml supplemented
growth medium and incubated under their normal growth conditions (37°C and 5%

C02).

[Sal 1. kB .Xho L kB Sal L Xba L Bam HI. kB .Sam HI
ifll IISBS
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Kpn 13438 EcoR 12936’
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Figure 3.1. 3XNFKB luciferase reporter gene constructs.
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3xNFxB.luc DNA construct (0.4 pg/well) were dissolved in TE buffer, pH 7-8
(minimum DNA concentration: 0.1 pg/pul) with the DNA-condensation buffer, ‘
Buffer EC, in a total volume of 100 pl, and 3.2 pl enhancer were added and all
mixed by vortexing for one second and left for 2-5 minutes at room temperature.
10ul of Effectene Transfection Reagent were added to the DNA-Enhancer mixture
and mixed by pipetting up and down 5 times or by vortexing for 10 seconds to be
left for 10 minutes at room temperature. Meanwhile, the growth medium was
aspirated from cells and the cells were washed once with PBS. 1.6 ml fresh
supplemented growth medium were added to the cells. Another 600ul supplemented
growth medium were added to the transfection complexes and mixed by pipetting up
and down twice, and were immediately added to the well gently to ensure uniform
distribution of the transfection complexes. Cells were incubated with the transfection
complexes under their normal growth conditions. After 24 hours cells were washed

from the growth medium and fresh supplemented medium was added.

Following transfection, each cell line was split into two groups each in three wells in
24 well plates (1ml/well). One group of cells was left as resting cells and the other
group was activated with 3ug/ml 10103 CpG-ODN, and left to grow in the normal
conditions for 18 hour. Control groups of non-transfected cells were split and treated
in the same way. Afterward, cells were harvested, washed with PBS and the pellet
was dissolved in 150ul of 1X reporter lysis buffer (Promega, UK). Twenty
microliters of lysate was used for assay with 100ul of luciferase assay system
(Promega, UK). The luciferase activity was measured using a Sirius luminometer,
which measures standard glow (Berthold Detection Systems, Germany). Protein
concentration using Lowry method was measured for each lysate to normalize the

data and results were analyzed using GraphPad software.

3.2.2.7 Cytokine assay:

A multiplex cytokine assay was done in collaboration with Dr. John Curnow,
University of Birmingham, UK, using a Beadlyte® Human Multi-cytokine
Beadmaster™ Kit (Milipore, UK) for the measurement of the secretion of three
cytokines (IL-6, IL-10 and TNF-0) in resting and 10103 CpG-ODN activated cells.
In a flat bottom 96 well plate, 5x10° cells/ml of tumour or normal B-cells, or 1x10°

cells/ml of non-haematological tumour cells were split into three wells (triplicates)
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and left to grow without treatment (resting cells). Another group was prepared in the
same way, but stimulated with 3pg/ml 10103 CpG-ODN. After 36 hours of ‘
incubation, supernatants were collected and frozen at -80°C until ready for the assay.
Cytokine assay was done according to the manufacturer's instructions. IL-6
(14.0pg/ml), IL-10 (10.0pg/ml) and TNF-a (10.0pg/ml) standards were mixed and
resuspended in eight different concentrations after 1:4 serial dilutions in assay buffer
(PBS, 0.05% tween-20 and 1% BSA). Luminex filter plates provided w1th the kit
were rehydrated with 200ul/well washing solution (PBS, and 0.05% Tween-20) and
aspirated using vacuum manifold (Millipore, UK). Bead solution conjugated to
analyte-specific antibodies to IL-6, IL-10 and TNF-a was diluted 1:9 in assay buffer,
and 25ul/well was added. Beads were washed with 200ul/well washing solution and

aspirated.

In the 96 well plate, 25ul of assay buffer and 50ul of the serially diluted standards
(for the standard curve), blank (negative control, assay buffer alone) or cell
supernatants were added to the wells. The concentration of the cytokine released by
each cell was tested in triplicate for each culture condition. Luminex filter plates
were covered and incubated at room temperature on an orbital shaker. Two hours
later, plates were washed three times with 200ul/well washing solution and
aspirated. Beadlyte® Anti-Human Multi-cytokine, Biotin (biotinylated detector
antibody) was diluted 1:9 in assay buffer and 100ul of the diluted solution was added
to each well. Plates were covered and incubated at room temperature on an orbital
shaker for one hour. The wells were washed three times with 200ul/well of washing
solution. To detect the presence of the cytokines, 25ul/well of Streptavidin-
Phycoerythrin (RPE) solution was added after diluting it 1:9 in assay buffer. Plates
were covered and incubated at room temperature on an orbital shaker for half an
hour before washing and aspiration three times in washing solution, and 100ul/well
of assay buffer was added at the end. At this stage, plates were ready to measure the
concentrations of each cytokine compared with the relevent standard curve. Each
well contained a four-member solid-phase sandwich, the bead- polystyrene
microsphere with the analyte-specific antibodies of IL-6, IL-10 and TNF-a attached
to the Luminex filter plates, cytokines (analytes) present in the samples, the analyte-
specific biotinylated detector antibody which binds to one of the four available sites

on the streptavidin-RPE that is conjugated to a fluorescent protein. The mean
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fluorescent intensity (MFI)/60 seconds for each well was read using Luminex® 100
instrument. IL-6 was read at region 38, IL-10 at region 36 and TNF-a at region 06 »
using star station-2 program. IL-6, IL-10 and TNF-a concentrations were analyzed
using GraphPad prism 4 software.

3.2.2.8 Flow Cytometry:
Flow cytometry was used to investigate the expression of the adhesion molecule
CD54, costimulatory molecules CD80 and CD86, and Major Histocompatibility
Complex (MHC) class II to detect if they would be upregulated upon activation of
the cells with CpG ODN.

Cultured cells (5x10° /ml) were stimulated with the activating dose (3ug/ml for most
cells) of 10103 CpG for three days (optimum time) in parallel with a control group
left without activation. Cells were washed with PBS and the pellet stained with one
of the following surface marker monoclonal antibodies (10pl in each), CD54-PE,
CDS80-FITC, CD86-PE (Beckman Coulter, UK) and MHC II-FITC (anti-human
HLA-DP DQ, Dako, UK). Two other tubes were labelled with 10 pl IgG1-PE and
IgG1-FITC each (Beckman coulter, UK) as an isotype control for PE and FITC
conjugates. All tubes were incubated for 15min/ RT covered. Pellets washed twice
with 1X PBS — 0.5% (w/v) BSA and fixed with 0.5ml 2% paraformaldehyde. Live
gated cells (of 199 threshold or more) were read by the FACS Calibur flow
cytometer and analysed using Cell Quest Pro software (Becton-Dickinson Ltd, UK).

Mean and median fluorescence intensity values were calculated after gating based on
a combination of forward scatter (FSC) and side-scatter (SSC) features. Data of
10,000 events were acquired and analysed in a linear mode for FSC and SSC
characteristics, and in a logarithmic mode for fluorescence intensities. Measurements
included percentage of total population positive for each surface marker, and median

in addition to mean channel fluorescence intensity (MFI) in energy channels.
3.2.2.9 Cellular Proliferation:

A direct proliferation assay for the detection of the DNA synthesis was used as an

indicator of cell growth, by using incorporation of a radioactive nucleotide ([methyl-
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H] thymidine). The incorporation of 3H-thymidine into DNA is directly

proportional to the amount of cell division occurring in the culture.

One x10° cells/well in flat bottom 96 well plate of tumour B-cell lines ( Ramos,
RPMI, RAJI, U266, Karpas 707H and BJAB), non-haematological hTLR9
transfected Hek293 and HeLa tumour cells, or ex vivo cells (PBMC, B-CLL, and
THO044) were left to grow in triplicate wells for three days in the presence or absence
of 3ug/ml 10103 CpG-ODN (except Ramos, which was cultured with 10pg/ml
10103 CpG-ODN), and pulsed with [methy1-3H] thymidine (1uCi/well) (GE
Healthcare, UK, Ltd) for the next 16-18 hours. A negative control of media alone
was done. The cells were harvested on printed filtermat A (Glass fibre filter 1450-
421, Wallac, Finland) using Harvester 96 Tomtec MACHII, (Wallac Finland) and
left to dry. When dried, the filters were sealed in sample bag (1450-432, Perkin
Elmer, Life science, UK) after adding the liquid scintillation cocktail Betaplate scint
(Berkin Elmer life science, UK), and the incorporation of [°H] thymidine in cellular
DNA was measured on a 1450 Microbeta plus liquid scintillation counter (Wallac,
Finland). *H-thymidine incorporation data for each cell was analysed using
GraphPad prism 4 software.

3.2.2.10 Statistical analysis:

Each experiment was done in triplicates except for western blotting and some of the
flow cytometric results. Data points stand for the mean of the three parallel samples
measuring S.E.M. Data were analysed using Student’s paired t-test using GraphPad
prism 4 software version 4.03. Results were considered significant when p value was

less than 0.05, and very significant when p value was less than 0.001.
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3.3 Results:

CpG ODN, type-B, was recommended in publications as TLR9 agonist used to activate
human B lymphocytes and other cells (Krieg AM 2002a; Krieg AM 2002b; Latz E et al.,
2004a; Vollmer J et al., 2004a). For optimal stimulatory activity of CpG-ODN, the
expression of the adhesion molecule CD54 antigen (ICAM-1), the costimulatory
molecules CD80 and CD86 and the Major Histocompatibility Complex (MHC) class 11
were determined before and after CpG-ODN stimulation.

3.3.1 Optimal dose and time for CpG-ODN activation:

Jahrsdorfer B and colleagues (2001), recommended three days of activation with 2006
CpG-ODN for the best immune response. Table 3.1 represents some of the TLR9
positive B-cells tested for their optimal concentration of CpG-ODN after three days of
activation. Cells were activated with 0.1, 1, 3, or 12ug/ml 10103 CpG-ODN. In
general, the tumour B-cells tested showed the best response with 3pg/ml 10103 CpG-
ODN, except for the Burkitt’s Lymphoma Ramos cell line which was between 3ug/ml
to 12pg/ml. The responsiveness to CpG-ODN was variable in each cell tested. B-CLL
ex vivo cells and RPMI multiple myeloma showed similar levels of responsiveness at
both 3 and 12 pg/ml 10103 CpG-ODN. In Ramos Burkitt’s lymphoma cell line,
12pg/ml showed a greater upregulation for CD54 and MHC II than 3ug/ml, indicating
that 12pg/ml of 10103 CpG-ODN is an optimal dose for this activation. For the
determination of the optimal dose for the TLRY transfected Hek293 and Hela
epithelial cells, 3pg/ml and 10pg/ml of 10103 CpG-ODN activation doses were used.
Table 3.2 illustrates the effect of the two doses on TLR9 transfected Hek293 and HeLa
epithelial cells. Neither 3ug/ml nor 10pg/ml of 10103 CpG-ODN showed an activation
leading to upregulation of the relevant surface markers. The basal expression levels of
the four tested surface markers were low in Hek293 transfected cells, and the same
were seen with the non-transfected Hek293 cells (data not shown). CpG-ODN
activation did not change their expression. TLR9 transfected HeLa cells showed the
same basal CD54 expression level as in non-transfected HeLa cells (data not shown),
but they did not show any changes in the four surface markers’ expression, upon the
CpG-ODN stimulation (Table 3.2).
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Table 3.1. Tumour B-cell lines activated with different concentrations of 10103 CpG-ODN for three
days to determine the activating dose that would optimally upregulate the relevant surface markers.

Data represents MFI readings for each surface marker. This experiment was done only once.

Although the published papers recommended three days of activation
(Jahrsdorfer B et al., 2001), testing the best time for the activation of TLR9
positive cells in this project was also essential. Cells were treated with the
appropriate activating dose for up to three days to determine the optimal
activation time. Table 3.3 summarises some of the tested cells for one and three
days activation with CpG-ODN, and shows that three days is the more
appropriate time for the activation. B-CLL showed a significant upregulation of
the four surface markers after three days, while CD80 was not upregulated after
one day of CpG-ODN activation. Ramos and BJAB Burkitt’s Lymphomas
showed activation after one day, but the activation and upregulation of CD54,
CD86 and MHC II were higher after three days as indicated in Table 3.3. Based
on these results, all TLR9 positive cell lines tested showed an optimal activation
response with 3pg/ml 10103 CpG-ODN after three days except, for Ramos in
which the optimal dose was 12pg/ml.
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Cells Non Active

Hek293 TLR9

Hek293 HA/TLRY9

HeLa TLRY9

HeLa HA/TLR9

Table 3.2. TLRY transfected Hek293 and HelLa Cells activated for three days with 3pg/ml and
10pug/ml 10103 CpG-ODN to check the activating dose that would optimally stimulate surface
markers upregulation. Data represents the MFI readings for each surface marker. This experiment was

done only once.

Days B-CLL RAMOS BJAB
rkers 3 pg/ml 10 pg/ml 3 pg/ml
CD54 75.54 1054 665.65
. CD80 8.07 23.9 50.25
Non active CDS86 8.89 27.9 507.91
MHC II 246.61 14.9 368.12
CD54 480.86** 1542%* 1359.57**
Day CD80 6.39 11.22 69.27
One CD86 13.11* 102.3%* 816.83*
MHC 11 615.04** 195.4** 417.01
CD54 1033.17%** 1729%* 1547.59%%**
Day CDS80 20.20* 18.17 133.46*
Three CD86 135.98%** 84.77%* 1107.52%*
MHC 1 914.83%** 207.6** 261.59

Table 3.3. Tumour B-cells time course for one and three days, for optimal time for 3pg/ml 10103 CpG-
ODN to activate cells (Ramos with 10pug/ml). Data presents the MFI for one time experiment.* P<0.05, **

P<0.005, *** P<0.001 (compared to non active cells).
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3.3.2 Effect 02137 non-CpG control vs. 10103 CpG-ODN:

Using 2137 ODN as non- CpG control ODN showed almost the same effect as 10103
CpG-ODN on the upregulation of the relevant immunological surface markers. Figure
3.2 illustrates the expression of one of the tested surface markers (CD54) in two cell
lines, Ramos and RPMI, after their treatment with either 2137 ODN (the green line) or
10103 CpG-ODN (the blue blocks) at equivalent doses. These observations indicate
that control 2137 non-CpG ODN activated Ramos and RPMI cells to the same extent
as 10103 CpG-ODN. Also, reports indicated that the thymidine content in ODN 2137
would be sufficient to stimulate human B-cell activation (Vollmer J et al., 2004b),

therefore I did not use it as a control ODN in my subsequent experiments.

Ramos
8
O
)
10° 10 10 to 10
CD54-PE
I 1 IsotypeIgG 1" 1 21370DN smmn 10103 CpGODN

Figure 3.2. Flow cytometry overlay plots for the extracellular staining of CD54 in Ramos and RPMI
cell lines. Cells were either treated with 3pg/ml 2137 ODN (green line) or with 3pg/ml 10103 CpG-
ODN (blue blocks), and compared with the isotype control (red line). This experiment was repeated

in three independent experiments.

3.3.3 CpG-ODN mediates responses:

Having established the optimal activating dose and time of 10103 CpG-ODN for
different cell lines, I have investigated the CpG-ODN mediated responses in TLR9
positive and negative expressing cells (as determined by RT-PCR). Cells were studied
for CpG-ODN mediated intracellular signalling, cytokine release, surface marker

upregulation and cellular proliferation.

3.3.3.1 CpG-ODN mediated intracellular signalling:

Activation of NF-kB, ERK1/2, AKT-1 and p38MAK intracellular signalling

pathways was detected after CpG-ODN activation of TLR9, using western blot
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analysis in a time-dependent fashion. BJAB cells were used as a model for the
determination of those intracellular pathways, after CpG-ODN activation. Ramos
and PBMCs were also studied for the IxB-a phosphorylation after CpG-ODN
treatment. Furthermore, to determine the association of TLR9 in IxB-a degradation,
TLR9 transfected Hek293 and HelLa cells were activated with CpG-ODN. Mock
transfected Hek293 and HeLa cells were activated with CpG-ODN and used as
control. This would also indicate whether TLR9 in transfected cells was functional.

3.3.3.2 Mitogen-activated protein kinase (MAPK) signalling pathway:

A) ERK 1/2 pathway:

MAPK pathways include the activation of ERK 1 and 2 via MAP kinase-ERK
pathway. CpG-ODN was found to enhance this production (Hacker H et al., 2000;
Hemmi H et al., 2000). Activation of MAPK is an early step in intracellular
signalling after CpG-ODN activation of TLR9. BJAB Burkitt’s Lymphoma cells
were stimulated with 10103 CpG-ODN and western blot analysis was done to detect
the phosphorylation of MAPK ERK1/2 (Figure 3.3) in a time-dependent fashion.
Figure 3.3 illustrates western blots for the effect of CpG-ODN on BJAB cells, for the
induction and activation (pERK/total ERK) of ERK-1 after 60 minutes of
stimulation and ERK-2 after 120 minutes. The phosphorylation of ERK 1/2 indicates
that activation of TLR9 via CpG-ODN in BJAB cells provoked MAP kinase-ERK
pathway activation leading to the production of pERK 1/2 activated product. In
recent published data, Longo PG and colleagues reported similar results in B-CLL
cells (Longo PG et al., 2007).

BJAB cells showed a constitutive basal activation of ERK 1/2, but initial decrease in
pERK/ERK at 10 to 60 minutes of CpG-ODN stimulation was seen. CpG-ODN
activated BJAB cells, gradually returned towards normal after 60 minutes, as
indicated in Figure 3.3.
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Figure 3.3. Activation of MAPK/ERK pathway by CpG-ODN in Burkitt’s Lymphoma BJAB cells.
BJAB cells (5x106cells/ml) were stimulated with CpG-ODN (3pg/ml) for up to 120 minutes. Equal
amounts of whole cell lysates (30pl/lane) were subject to Western blotting using antibodies against
the phosphorylation of ERK 1/2. Total ERK 1/2 was determined for the same blot, a-tubulin for each
sample was used as a house keeping protein loading control. This experiment was repeated in two

independent times.

B) p38 MAPKpathway:

The purpose of this part was to investigate the role of p38 MAPK and its downstream
target, activating transcription factor 2 (ATF2), during TLR9 signalling in BJAB
tumour cells. The activation of p38 MAPK produces phospho- p38 MAPK that activates
the downstream signalling. This activation increases phosphorylation of ATF2 in a
p38MAPK dependent manner. BJAB Burkitt’s lymphoma cells were treated with
10103 CpG in a time-dependent manner, and phospho-p38MAPK was
immunoprecipitated from the protein lysates, to be used in an assay of ATF2
phosphorylation using exogenous ATF2 substrate. Figure 3.4 illustrates the typical
western blot of p38MAPK immunoprecipitated BJAB cells, showing that ATF2
phosphorylation peaked at 60 minutes, and decreased afterward. BJAB cells showed
a weak basal activation level of phospho ATF2 even without CpG-ODN stimulation,
when compared with the untreated HeLa negative control cells which did not show

any ATF2 phosphorylation production (Figure 3.4).

M in. 0 15 30 60 120 Ctrl
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Figure 3.4. Activation of p38MAPK-dependent phosphorylation of ATF2 and phosphorylation of
p38MAK in Burkitt’s Lymphoma BJAB cells. BJAB cells (5x106cells/ml) were stimulated with
10103CpG-ODN (3lig/ml) for up to 120 minutes. Equal amounts of whole cell lysates (50pg/lane)
were immunoprecipitated with agarose bead-bound anti-pp38 Abs. In vitro kinase assay was done at
30°C for 30 minutes using ATF-2 fusion protein as a substrate. Non-activated HeLa cell was used as

a negative control in the last lane. This experiment was repeated in two independent times.
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Figure 3.5 illustrates the band intensities of pATF-2 production in BJAB cells. Cells
showed and increase in pATF2 production from the first 10 minutes of CpG-ODN
activation with gradual increase to show the highest production after 60 minutes,

then started to decline afterwards.

o pATF-2

Omin 16min 30 min CpG 60min CpG 120 min CpG

Figure 3.5. Activation of p38MAPK-dependent phosphorylation of ATF2 and phosphorylation of p38MAPK in
Burkitt’s Lymphoma BJAB cells. BJAB cells (5x106cells/ml) were then stimulated with 10103CpG-ODN
(3pg/ml) for up to 120 minutes. Band intensities of pATF-2 were quantified using a GS-710 densitometer.

3.3.3.3 PI3-kinase/AKT pathway:

The AKT pathway is considered a key determinant of biologic aggressiveness of
tumours. To explore the significance of the PI3-kinase-Akt pathway in the CpG-
ODN activated TLR9 positive cells, Burkitt’s lymphoma BJAB cells were treated
with 10103 CpG-ODN in a time-dependent manner and western blot analysis of
phospho and total AKT were done. Blots in Figure 3.6 demonstrated increased
phosphorylation of AKT in a time-dependent fashion that showed a maximal
pAKT:total AKT ratio at 90 minutes. It also shows basal activation of pAKT in
absence of CpG-ODN, which increased following CpG-ODN treatment.

Total AKT

Figure 3.6. Activation of PI3K/AKT pathway by CpG-ODN in Burkitt’s Lymphoma BJAB cells.
BJAB cells (5x106cells/ml) were stimulated with CpG-ODN (3pg/ml) for up to 90 minutes. Equal
amounts of whole cell lysates (50pl/lane) were subject to Western blotting using antibodies against
the phosphorylation of AKT. Total AKT was determined for the same blot. P-actin in each sample

was used as the equal loading control. This experiment was repeated in two independent times.
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3.3.3.4 NF-kB/ licB-a pathway:

A) licB-a degradation:

Lipopolysaccharide (LPS), TLR4 agonist, is known to activate the IxB-a
phosphorylation in macrophages (Kim CS et al., 2001). To establish the technique,
LPS was used to activate normal PBMCs to detect the ItcB-a phosphorylation. In this
study PBMCs were activated with Ipg/pl LPS for up to 90 minutes, and IxB-a
phosphorylation was detected by western blotting as illustrated in Figure 3.7. Cells
were showing activation and a phosphorylation of licB-a (pIxB-a/ licB-a), which was
detected to be highest (relative to p-actin) after 15 minutes and started to decline
afterward to be almost back to its normal level after 90 minutes.
Min
LPs
pIK{J-

P-Actin
plKO
11C0

Figure 3.7. LPS induced licB-a phosphorylation in PBMCs activated with 1pg/pl for LPS up to 90
minutes. Cells were lysed and blotted for p]IKB-a and total IxB-a. p-actin was used as a house keeping

protein loading control. This experiment was done only once.

To investigate the effect of TLR9 signalling on plicB-a production, TLR9 positive
Burkitt’s Lymphoma Ramos and BJAB cell lines were activated with 3pg/ml 10103
CpG for up to 120 minutes and blotted for pIxB-a and total IxB-a. Figure 3.8
illustrates Ramos western blots showing activation and production of the pIxB-a and
total IkB-cL P-actin as a house keeping gene was done to ensure the even loading of
protein. Band intensity was quantified and the relative ratio of pIxB-a and total 1kB-
a signals to p-actin signal were determined. Ramos cells started to activate and
phosphorylate the licB-a in the first few minutes of activation to show a maximal
pIxB-a/ IxB-a ratio at 15 minutes, declining afterward and returning back to normal

after two hour.
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Figure 3.8. .CpG-ODN induced IxB-a phosphorylation in Ramos cells. Cells were activated with
3pg/ml 10103 CpG-ODN up to 120 minutes then lysed and blotted for plicB-a and total IKB-X p-actin

was used as a house keeping protein loading control. This experiment was done only once

Burkitt’s lymphoma BJAB cells were activated with 3pg/ml of 10103 CpG-ODN for
up to 90 minutes in a similar way. Figure 3.9 illustrates the western blots for the
plKB-a and total 1kB-ex production, and the use of a-tubulin as a house keeping

protein loading control. There was no clear induction of plicB-a on the western blots.

Minutes 15 30 60 90
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plkB

Total TkB
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Figure 3.9. CpG-ODN induced IKB-0.phosphorylation in BJAB cells. Cells were treated with 3pg/ml
10103 CpG-ODN up to 90 minutes then lysed and blotted for pIxB-a and total IKB-c. a-Tubulin was
used as a house keeping gene and protein loading control. This experiment was repeated in two

independent times.

However, Figure 3.10 illustrates the normalised band intensities for plicB-a against
the house keeping gene, a-tubulin. plicB-a production showed low basal expression
and a slight increase after 30 minutes of CpG-ODN activation, peaking after 60

minutes and declining afterwards.
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Figure 3.10. CpG-ODN induced iKB-a phosphorylation in BJAB cells. Band intensities of plKB-a

signals were normalised to a-tubulin house keeping protein loading control.

To determine whether transfected TLRO9 is functional, and to demonstrate the
specificity of CpG-ODN/TLR9 activation, TLR9 transfected Hek293 and HeLa cells
were activated with 10103 CpG-ODN to detect the CpG-ODN mediated intracellular
licB-a degradation via TLR9. Mock transfectants were used as a negative control.
Figure 3.11 shows the plicB-a and total licB-a bands produced upon the activation of
Hek293 HA/TLRO transfected cells. Membranes were blotted for P-actin house
keeping gene to determine the protein loadings. Hek293 HA/TLRO cells showed
plKB-a production after 15 minutes of CpG-ODN activation, which gradually
increased over 60 to 90 minutes. plKB-a level did not decline in the first 90 minutes,
the latest time point determined in this assay. The total licB-a degradation remained
relatively constant (Figure 3.11). Hek293 pDisplay cells were treated with 10103
CpG-ODN and blotted the same way as Hek293 HA/TLROY, to determine if the effect
is from TLRY construct gene (Figure 3.12). CpG-ODN had no effect on the
production of 1kB-o phosphorylation in Hek293/pDisplay cells, as illustrated in
Figures 3.12.
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Figure 3.11. CpG-ODN induced licB-a phosphorylation in Hek293 HA/TLR9 transfected cells. Cells were
treated with 3jxg/ml 10103 CpG-ODN up to 120 minutes, lysed and blotted for pIKB-a and total IkB-aL (3-

actin was used as a house keeping protein loading control. This experiment was done only once.
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Figure 3.12. CpG-ODN does not induce IxB-a phosphorylation in Hek293 pDisplay mock transfected
cells. Cells were treated with 3pg/ml 10103 CpG-ODN up to 120 minutes then lysed and blotted for plicB-
a and total licB-a. P-actin was used as a house keeping gene and protein loading control. This experiment

was done only once.

Figure 3.13 shows the normalised band intensities for plicB-a against P-actin in
Hek293 HA/TLRY and Hek293 pDisplay cells. The pDisplay transfected Hek293
cells did not show any plKB-a production upon 10103 CpG-ODN activation. In
contrast, TLR9 transfected Hek293 (Hek293 HA/TLR9) cells showed an increase in
plKB-a production from the first 15 minutes showing a high levels of plicB-a after 60
and 90 minutes (Figure 3.11). These data demonstrate that CpG-ODN induction of
plicB-a was mediated by TLRO.
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Figure 3.13. CpG-ODN induced licB-a phosphorylation in Hek293 HA/TLR9 or Hek293 pDisplay
cells. Cells were treated with 3pg/ml 10103 CpG-ODN for up to 90 minutes. Band intensities of

plKB-a signals were normalised to p-actin house keeping protein loading control.

TLRO transfected HeLa cells were also tested for the intracellular signalling function
of TLRY upon the stimulation with 10103 CpG-ODN. Figures 3.14 and 3.16 show
the activation of HelLa HA/TLR9 cells, where licB-a phosphorylation was the
highest in 30 minutes and started to decline after that, returning to baseline by 90
minutes. Total licB-a degradation remained constant throughout in CpG-ODN
treated HeLa HA/TLRO cells (Figure 3.14). Mock transfected HeLa pDisplay was
used as a negative control, to ensure the effect of TLR9 gene in this activation.
Treatment of HeLa pDisplay with CpG-ODN did not induce plicB-a and no plKB-a
production was seen, as indicated in Figure 3.15, and the total licB-a production
remained constant throughout. The presence of TLR9 construct gene in the HA-

tagged/TLRY construct rendered HeLa cells responsive to CpG-ODN activation.

J3-Aclio- 7 1

Figure 3.14. CpG-ODN induced licB-a phosphorylation in HeLa HA/TLRY transfected cells treated
with 3|ig/ml 10103 CpG for up to 90 minutes. Cells were lysed and blotted for pIxB-a and total IkB-

a. p-actin was used as a house keeping protein loading control. This experiment was done only once.
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Figure 3.15. CpG-ODN does not induce IkB-0 phosphorylation in HeLa pDisplay mock transfectants
treated with 3pg/ml 10103 CpG for up to 90 minutes. Cells were lysed and blotted for pIxB-a and
total licB-a. P-actin was used as a house keeping protein loading control. This experiment was done

only once.
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Figure 3.16. CpG-ODN induced IxB-a phosphorylation in HeLa cells transfected with HA/TLR9 and
pDisplay blots activated with 3pg/ml 10103 CpG-ODN for up to 90 minutes. Band intensities of

pIxB-a were normalised to p-actin house keeping protein.

B) NF-KB activation:

To determine the CpG-ODN mediated nuclear factor-KB (NF-kB) activation,
PBMCs, tumour B-cells and transfected/non-transfected Hek293 and HelLa cells
were transfected with a luciferase construct (3x-kB luc) containing 3 NF-kB binding
regions, and activated with CpG-ODN. In Table 3.4 and Figure 3.17 the ex vivo
PBMCs and B-CLL cells induced a significant NF-kB activation following treatment
with CpG-ODN. In addition, TLR9 positive tumour B-cell lines (BJAB and RPMI)
activated with 10103 CpG-ODN stimulated NF-kB activation. Untransfected, TLR9
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transfected, and mock transfectants of Hek293 and HeLa cell lines were also tested
for their response to CpG-ODN stimulation. Null and mock transfectants did not
show any induction in the NF-xB activation, whereas TLR9 transfected Hek293 and
HeLa cells induced a significant NF-xB activation, as illustrated in Table 3.4. For all
cells tested, a group was left untransfected with the NF-xB construct gene resting
and activated with CpG-ODN as a negative control. Only baseline luciferase activity
was detected, and no effect from CpG-ODN was seen. (data only shown for BJAB

and TLRO transfected Hek293 and HeL a negative controls; Table 3.4).

NFxB production Resting cells Activated cells
PBMCs 368.7+56.70 772.7£55.15%*
B-CLL 122.7+19.5 789.7+45.45%*

RPMI 5086+188.2 104869+£7369**
BJAB 197.7£9.905 703.0+£39.15%*
BJAB neg. ctrl 46.00+10.45 49.67+12.88
Hek293 34007133.8 33205£410.7
HeLa 7766x102.0 8009+79.61
Hek293 pCl-neo 36735+2073 29813+1391
Hek293 TLRY 26037+351.6 39860+790.1**
Hek293 pDisplay 16336:!:_132.5 11130+345.4
Hek293 HA/TLRY 38208+1056 73961+2766**
Hek293 HA/TLRY neg. ctrl 187.5+2.887 176.5+£39.84
HeLa pCl-neo 16264+1101 17776+815.3
HeLa TLR9 5665 + 84.95 8465 + 137.6***
HeLa pDisplay 2962+11.79 3162+44.29
HeLa HA/TLR9 3081 = 64.41 3780 £ 41.62%*
HelLa TLRY neg. ctrl 103+2.45 98+4.65

Table 3.4. NF-kB activation in normal and tumour cells before and after the activation with 10103 CpG-
ODN. Luciferase non-transfected cells were used as a negative control. Data represent the mean of
luciferase activity RLU + S.E.M of triplicates. This experiment was repeated in two independent
experiments. * P<0.05, ** P<0.005, *** P<0.001 (compared to control non- activated cells).

From Table 3.4, ex vivo cells of PBMCs, B-CLL cells and RPMI and BJAB tumour
B-cells showed a significant induction in the NF-xB activation after treatment with
CpG-ODN. TLR9 transfected Hek293 and HeLa cells also showed an activation
response for NF-kB upon stimulation with 10103 CpG-ODN (Table 3.4). Neither
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untransfected or mock transfected Hek293 and HeLa cells showed an activation
response for NF-xB (Table 3.4).

3.3.3.5 Effect of CpG-ODN on the induction of cytokines:

As CpG-ODN was known to stimulate the immune cells to release cytokines such as
TNF-q, IL-6 and IL-10 (Wooldridge JE et al., 1997; Smith JB et al., 1998), I wanted
to investigate the effect of CpG-ODN on the activation of the TLR9 positive cells
and compare them with TLR9 negative cells. Ex vivo B-cells (normal PBMCs and B-
CLL) and tumour B-cell lines (RPMI, LiLa and BJAB) were investigated for the
release of IL-6, IL-10 and TNF-a cytokines. Table 3.5 shows the effect of CpG-
ODN on the different B-cells. This Table also includes data from several cell lines
(THO044, FC029, Ramos, U266 and Karpas) in which the cytokine assays were
performed by Hélia Esteves, (BSc student, University of Leicester) and which were
subsequently clarified as TLR9 positive or negative by me using RT-PCR (Chapter
Two). Ex vivo B-cells (normal PBMCs, B-CLL, TH044 and FC029) were all found
to express TLR9 and showed a significant induction of the three tested cytokines
upon their activation with CpG-ODN. TLR9 expressing tumour B-cell lines (RPMI,
Ramos, Lila and BJAB) showed CpG-ODN mediated cytokine induction, but in a
variable way. RPMI 8226 cells showed a significant induction of TNF-a production,
but not of IL-6 and IL-10. Ramos cell line upregulated synthesis of IL-10, but not
IL-6 or TNF-a in the presence of CpG-ODN. Lila cells showed very low basal level
expression of the three tested cytokines, but a highly significant CpG-ODN
induction of IL-6 and IL-10, and a lesser upregulation of TNF-a production. BJAB
cells showed a high basal level for IL-10 which was further induced by CpG-ODN,
together with induction of IL-6 and TNF-a. In contrast, the TLR9 negative cell lines
U266 and Karpas did not enhance cytokine induction in response to CpG-ODN.
Although U266 showed a high basal level for IL-6, it did not enhance its induction
after CpG-ODN activation. Karpas cells showed no cytokine expression of IL-6, IL-
10 or TNF-a before or after CpG-ODN activation (Table 3.5).

121



TLR9 Cells CpG-ODN Cytokine release (pg/ml) -
expression (ng/ml) IL-6 IL-10 TNF-q.
0 5.53£0.42 1.13:0.13 2.60+0.54
PBMCs 3 802.8+21.95%%% |  117.2:6.9%* 7.84::0.00*
0 19.60:0.96 0.09:0.05 0,510,003
B-CLL 3 873.7463.42%* | 676.1421.25%** | 30.89+6.03*
4 0 38.73x1.61 1.000.00 1.000.00
THO44 3 122622.25%%% | 1100£027*** | 25.00£0.41%**
" 0 19.00£0.35 2.00£0.27 4.00+0.42
tﬁ;ﬁe FC029 3 553.0+14.87*%% | 173.0+528*** | 187.0+8.04%*
P 0 0.83720.00 19.84:1.03 1.7620.76
RPMI 3 1.35+0.52 21.1042.20 39.02::4.46*
Ramos” 0 0.00:£0.00 12.960.40 1.38£0.46
mos 3 0.00:0.00 | 107.78+2.45%** |  1.38+0.46
. 0 0.060.00 0.2320.03 0.000.00
LiLa 3 170.845.73%* |  21.69+2.99%% |  3.99+0.81*
0 1.02:0.18 443.3:11.88 4.8551.7
BJAB 3 IBALELIT* | 3240£72.72%%% | 30.7+1.28%*
U266" 0 "1883.3£63.06 1.04+0.05 2.14:0.84
TLRY 3 1883.3+59.93 1.22+0.08 1.38+0.00
negative Ka 4 0 0.00+0.00 0.00+0.00 1.38+0.46
rpas 3 0.00::0.00 0.00:0.00 1.38+0.46

Table 3.5. Effect of CpG-ODN in mediating the induction of IL-6, IL-10 and TNF-a cytokines on B-cells.
Cells (lxloscellslzi)Oprell) were stimulated with medium or 10103 CpG-ODN (3ug/ml) for 36 hours
and supernatants were collected to determine the cytokine production. Cytokine release was assayed using
Beadlyte® Human Multi-cytokine Beadmaster™ Kit (Milipore, UK). Data represent the mean
concentration pg/ml + S.E.M of triplicates. This experiment was done only once.* P<0.05, ** P<0.005,

**¥ P<0.001 (compared to control non-activated cells). # Data derived from Helia Esteves, BSc student,

University of Leicester.

TLRO9 transfected Hek293 and HeLa cells were also tested for their response to CpG-
ODN activation by the production of IL-6, IL-10 and TNF-a cytokines. Negative
controls of mock transfected Hek293 and HeLa cells were also tested. Table 3.6
illustrates the effect of CpG-ODN on these cell lines. Hek293 transfected with either
TLR9, HA/TLRY, pCl-neo or pDisplay constructs did not show any significant

induction in IL-6, IL-10 and TNF-a production in response to CpG-ODN, although

they showed a low basal expression for IL-6 cytokine which was not enhanced after
CpG-ODN activation. HA/TLR9 transfected HeLa cells showed no basal expression

for the tested cytokines, with no induction after CpG-ODN activation. Similar results

were obtained with their mock transfected HeLa pDisplay cells (Table 3.6).
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Cells TLRY CpG-ODN Cytokine release (pg/ml)
€ .

expression | (ng/m)) ™y 76 IL-10 | TNF-a
Hek293 0 5.94:0.84 | 0.00:0.00 | 0.51%0.00
HA/TLRY 3 5.53:0.42 | 0.032+0.03 | 0.51+0.00
TLRY 0 2.33£0.85 | 0.00£0.00 | 0.34%0.17
Hek293 TLRY | gitive 3 239+0.00 | 0.00:000 | 0.17+0.17
0 0.8420.00 | 0.032£0.03 | 0.34%0.17
HeLa HA/TLR9 3 0.84+0.00 | 0.155:0.06 | 0.340.17
Hek293 0 4.22:0.44 | 0.03220.03 | 0.34%0.17
pDisplay 3 332+0.47 | 0.0952£0.00 | 0.17+0.17
TLR9 0 3.78£0.00 | 0.032£0.03 | 0.51+0.00
Hel293 pCl-neo | oo ative 3 3.78+0.00 | 0.00:0.00 | 0.34x0.17
HeLa uDisol 0 0.8420.00 | 0.00:0.00 | 0.34x0.17
eLa pDisplay 3 0.84+0.00 | 0.00£0.00 | 0.34x0.17

Table 3.6. Effect of CpG-ODN in mediating the induction of IL-6, IL-10 and TNF-a cytokines on
TLR9 and mock trasnfected Hek293 and HeLa cells. Cells (1x10°cells/200pl/well) were stimulated
with medium or 10103 CpG-ODN (3pg/ml) for 36 hours and supernatants were collected to
determine the cytokine production. Cytokine release in cell extracts was assayed using Beadlyte®
Human Multi-cytokine Beadmaster™ Kit (Milipore, UK). Data represent the mean concentration
pg/ml (fold induction from unstimulated control) + S.E.M of triplicates. This experiment was done

only once.

3.3.3.6 CpG-ODN mediated surface marker upregulation:

To determine the surface marker upregulation mediated by CpG-ODN activation,
TLR9 positive cells were activated with the optimal dose and time course of 10103
CpG-ODN. Four relevant surface markers were tested for their upregulation upon
CpG-ODN stimulation. The adhesion molecule CD54, the costimulatory molecules
CD80 and CD86, and MHC class II are known to be expressed in B-lymphocytes,
and their expression to be upregulated in CpG-ODN activated B-cells (Jahrsdorfer B
et al., 2001; Jahrsdorfer B et al., 2005). Their upregulation would differ depending
on the cell type and its responsiveness toward CpG-ODN activation. To investigate
CpG-ODN mediated surface marker upregulation, I tested several ex vivo cells,
tumour B-cell lines and non-haematological tumour cell lines. Different TLR9
positive cells showed variable surface marker upregulation levels after CpG-ODN
activation, whereas TLR9 negative cells did not show any upregulation of the tested
surface markers. This CpG-ODN activation response in the upregulation of the
surface markers in normal and tumour cells is summarised in Table 3.7. Ex vivo cells
from the PBMCs and B-CLL and the TLR9 positive tumour B-cells, Ramos, RPMI,
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Raji, BJAB, 380 and Lila, showed a significant increase in the expression of at least
one of those relevant surface markers. The degree of upregulation varied from one
cell to another. TLRY negative tumour cell lines HL-60 and U266 were not
stimulated, and none of the tested surface markers was upregulated. TLR9 negative
MCF-7, HeLa and Hek293 non-haematological cell lines did not show significant
upregulation in surface markers upon their culture with CpG-ODN (Table 3.7).

From Table 3.7, CpG-ODN activated B-cells showed different responses toward the
upregulation of the surface markers. The normal PBMCs showed an upregulation in
the expression of all four surface markers upon the stimulation with 10103 CpG-
ODN for three days. TLR9 expressing tumour B-cells showed different responses
towards the activation of TLR9 (Table 3.7). Ex vivo B-CLL showed a significant
upregulation in the four surface markers tested, with at least two fold increases after
CpG-ODN activation. Burkitt’s lymphoma cell line BJAB showed a highly
significant upregulation in the surface markers tested, but to a lesser extent in the
costimulatory CD80 molecule compared with the other surface markers tested.
Ramos Burkitt’s Lymphoma cell line showed an upregulation in all of the markers
except CD80. Raji, BJAB and, to a less extent, Ramos Burkitt’s Lymphoma cells
showed high basal expression of the four surface markers. Upon stimulation with
CpG-ODN, the surface marker’s expression did not increase to a significant level in
Raji cells except for the costimulatory molecule CD86 which showed a two fold
upregulation.

Multiple myeloma RPMI 8226 cells showed an upregulation in all surface markers,
with the greatest increase in CD54. Precursor B-ALL cell, 380, increased all surface
markers while Lila upregulated CD54 and MHC II, but not costimulatory molecules
CD80 and CD86 upon CpG-ODN treatment. HL-60 and U266, TLRY negative cells,
did not respond to CpG—-ODN activation by upregulation of any of the surface
markers tested (Table 3.7).

Non-haematological tumour cell lines (TLR9 negative cell lines), MCF-7, Hek293
and HeLa, did not show any response of the four surface markers (Table 3.7).
Similarly, TLR9 transfected Hek293 and HeLa cell lines did not show a significant

difference in expression of the surface markers upon CpG-ODN activation. Mock

124



transfected Hek293 cells (Table 3.7) and mock transfected HeLa cells (data not
shown) were also tested for their response to CpG-ODN stimulation, and showed no
upregulation of surface markers. Based on those results, TLR9 expression is a pre-
request for CpG-ODN mediated surface marker upregulation, although TLR9
transfected Hek293 and HeLa cells did not upregulate the tested four surface
markers suggesting that the TLR9 mediated response to CpG-ODN may be cell type

specific.
Resting Cells Three days active cells
Cell type | TLRO -
apresir | CD54 | cpso | CDs¢ | MHCH CD54 CD80 CD$6 | MHCI
Normal ex vivo + 51.1 457 7.62 15.20 206%** | 9.9%%* [ 79 yusx | 2gwwx
B-CLL | Temor oo |4 1778 | 519 | 1299 | 3528 | 474rxr | 15%wx | 58gesx | 296%%+
RAMOS + 4477 | 1358 | 3504 3114 1475%*+ | 1295 | 79.8%** | 112%*
BJAB ' Lny;':;f;; + 7123 | 7826 | 494.57 7728 1467%%% [ 114%% | 1050*%* | 1046+«
Raji + 7351 | 6323 | 1468 673.6 7438 79.92 | 286%** 550.3
380 + 79.25 558 1221 596 564*** | 9.76** 179%* 707%%
Precursor B-ALL
Lila + 63.02 592 | 101.89 183.2 245%%* 5.01 98.31 486%**
RPMI Multiple + 5579 | 6.765 | 81.374 | 11.155 1109** | 12.6%* | 1163* | 213**
U266 myeloma - 635 | 1301 | 1818 54.22 578.3 18.33 20 33
Promyelocytic
HL60 Leukemia - 1072 96.86 | 561.11 463.1 889.2 64.28 3899 3079
Breast cancer
MCF-7 adenocarcinoma - 24.18 4.77 642 420 2287 438 599 394
Human embryo.
Hek293 Kidney - 596 6.19 6.28 6.76 5.85 632 6.34 6.89
Human cervical
HeLa carcinoma - 141.1 4.51 6.35 4.13 1329 552 6.29 4.54
Hek293 TLR9 | TLR :n";mn + | 1357 | 846 | 1119 | 658 527 6.80 6.17 473
Hek293uaTLRY Kidney + 459 4.26 4.53 4.04 4.66 4.01 4.41 3.99
HeLa TLR9 H?;‘:: Z’e“;"fa X + 87.72 | 499 522 4.12 67.79 3.76 2.77 330
HeLa HA/TLRY carcinoma + 90.21 4.61 436 5.03 69.53 4.84 4.61 4.34
Hek293 pCl-neo Hm‘;;k:’n:l:‘r’yf;m - 6.10 5.46 6.54 5.45 626 433 5.01 5.75
HeK293 ppiepiay Kidney - 6.32 5.21 6.18 5.01 6.40 5.01 598 543

Table 3.7. CpG-ODN induced surface antigen upregulation in different tumour and normal cells. Data
presents the mean of at least three independent experiments, and are expressed as mean MFI reading of
surface markers. This experiment was repeated in two independent experiments.* P<0.05, ** P<0.005,

*** P<0.001 (compared to control non-activated cells).

3.3.3.7 CpG-ODN mediated cellular proliferation:
In order to investigate the effect of CpG-ODN on cellular proliferation, DNA
synthesis, an indicator of cell growth and cellular proliferation, was measured using

a radioactive nucleotide ([methyl-3H] thymidine). Normal PBMCs were used as
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control cells to detect the cellular proliferation after 10103 CpG-ODN stimulation.
They showed a significant increase in their cellular proliferation after their treatment
with CpG-ODN (Table 3.8). Ex-vivo B-CLL and TH044, and TLR9 positive tumour
B-cell lines, Ramos, Raji, BJAB and RPMI, also showed a significant increase in
cellular proliferation (Table 3.8).

TLR9 negative tumour cells of both haematological (Karpas and U266) and non-
haematological cell lines (MCF-7, DU-145, HRT-18, WM1361A, Hek293 and
HeLa) did not show any significant changes in the cellular proliferation (Table 3.8).
TLRY transfected Hek293 and HeLa cell lines, and their empty plasmid
transfectants, were tested for their response to CpG-ODN stimulation to detect the
functional effect of TLR9. TLR9 transfected HeLa cells did not show a significant
increase in proliferation (Table 3.8), while TLRY transfected Hek293 cells did
increase cellular proliferation. Mock transfectants did not show any changes in the

cellular proliferation (Table 3.8).
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TLR9 Cellular proliferation
. Cells
expression Unstimulated cells Activated cells
Control Media 1643 155
PBMCs 579.0+54.24 20929+371.3%**
B-CLL 87.50+43.62 1726+424.9%**
THO044 48.67+5.812 103.0£1.732%*
Positive BJAB 70954 + 9881 10125+5846**
RAMOS 5515+ 177.8 8751+618.1**
RAJI 76784 £3703 101424+2258*
RPMI 33106 +1829 61686+1881%**
U266 35983 +489.6 27079+897.6
Negative
Karpas 8686 +274.0 8449+610.5
HeLa 65292+1597 62450+:1469
Hek293 112800 £1244 93696 £4263
) MCF-7 14863+786.5 14692+1557
Negative
DU-145 3985+189.1 4614+348.3
HRT-18 5081+658.1 51161276
WM1361A 20531+3660 16714+2358
. Hek293 TLR9 14426111076 208265+1066*
Positive
Hek293 HA/TLR9 190330+5954 243419+7555*
. Hek293 pCl-neo 212502+6534 22482117842
Negative
Hek293 pDisplay 2301+40.51 1885+96.67
Positive HeLa HA/TLRY9 829.0+29.94 1072+50.65
Negative HeLa pDisplay 666.0£56.11 824.0+38.04

Table 3.8. CpG-ODN induced cellular proliferation for normal and tumour cells, unstimulated or after
activation with 10103 CpG-ODN for 3 days, and incorporated with [methyl-’H] thymidine. Data present
the mean of triplicate cultures + SEM. This experiment was repeated in two independent experiments.*
P<0.05, ** P<0.005, *** P<0.001 (compared to control non-activated cells).
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3.4 Discussion:

In this Chapter, I wanted to check the CpG-ODN mediated immuno-stimulatory
responses in haematological and non-haematological tumour cells and relate them to the
expression of TLR9. To determine that, cells that express TLR9 at constitutively high
levels (Chapter Two) were compared with the TLR9 negative cells in presence and
absence of CpG-ODN, investigating their response to CpG-ODN activation. As’
previously stated, human tumour B-cells originate from different stages of
differentiation which might render the cells to differ in their TLR9 expression and
consequently in their response to CpG-ODN stimulation.

In the preliminary experiments, I determined that 3pg/ml 10103 CpG-ODN was the
optimal dose to activate most of the TLR9 expressing cells, except Ramos cells which
required 10-12pg/ml 10103 CpG-ODN concentrations (Table 3.1). In addition to that,
the optimal activation time was found to be three days, when compared with the one day

of stimulation as illustrated in Table 3.3.

As a control in this study and to demonstrate the role of TLR9 in cells’ responsiveness to
CpG-ODN, I have used TLR9 transfected Hek293 and HeLa cells. Mock transfected
Hek293 and HeLa cells were used as a control for the TLR9 transfected ones. Again, I
had to determine the optimal activating dose and time on the transfected Hek293 and
HeLa cell lines, where 10103 CpG-ODN was used in different concentrations and times
looking for the different CpG-ODN mediated immune responses. CpG-ODN activated
TLR9 transfected Hek293 and HeLa did not show any effect on the upregulation of the
relevant surface markers with 3ug/ml nor 10pg/ml 10103 CpG-ODN (Table 3.2).
However, when tested for NF-kB activation mediated by CpG-ODN, 3ug/ml was
sufficient to activate TLR9 transfected Hek293 and HeLa cells. In addition, 3pg/ml
10103 CpG-ODN induced increased cellular proliferation in TLRY transfected Hek293,
but not in TLRY transfected HeLa cells. This may reflect the different levels of TLR9

expression observed in these cell lines (Chapter Two).

ODN 2137 is produced as a non-CpG control ODN. It was found to activate TLR9-
positive cell lines, and to upregulate surface markers to almost the same level as the
stimulatory 10103 ODN (Figure 3.3). This activating effect of the non-CpG ODN 2137
was also reported by other researchers and these ODN companies (Vollmer J et al., 2004

128



and http://www.invivogen.com/family.php?ID=104&ID_cat=2&ID_sscat=9#groupe379
respectively). As 2137 ODN has an activating effect, I did not use it as a negative
control for 10103 CpG-ODN, but used cells cultured in medium alone as a control, for
the 10103 CpG-ODN mediated responses. As a conclusion of this part, three days of
activation with 3ug/ml 10103 CpG-ODN treatments were considered the optimal
conditions to induce TLRY activation (with the exception of Ramos, 10-12pg/ml 10103
CpG-ODN for three days) for induction of upregulation of cell surface markers.

Akira S and colleagues in 2003 and 2004 indicated that TLR9 activation by CpG-ODN
would undergo signalling cascades leading to a rapid activation of several mitogen-
activated protein kinases, such as the extracellular signal-regulated kinases (ERK1/2),
the p38MAPX protein kinase and phosphatidyltinositol 3-kinase (PI3-kinase)/AKT, in
addition to IxB/NF-kB complex the down stream target of MAP Kinases. To study these
CpG-ODN mediated immune responses, cells were tested for the production of the
active protein kinases in each pathway in the presence and absence of CpG-ODN in a
time dependent manner using a western blotting technique (except for p38 MAPX by

IP/WB) and NF-xB activation (using a luciferase assay).

BJAB Burkitt’s lymphoma cell line was used as a model cell line in this study as it was
previously found to express TLR9 constitutively and to respond to CpG-ODN 10103 in
a similar way to normal B-cells. At the same time, other cells were tested for some
signalling pathways and CpG-mediated responses to determine the CpG-ODN mediated
responses in different normal and tumour cells. The downstream signalling molecules of
MAPK kinases ERK1/2 and p38M4PX were detected in the activated BJAB cells. CpG-
ODN activated TLR9 in BJAB cells and phosphorylation activity of ERK 1/2 and
p38MAPK was detected, and cells showed significant pERK-1 activation after 60 minutes
of CpG-ODN stimulation. pERK-2 also showed a high activation in 60 minutes, but it
was higher at 120 minutes. Also, observations for phosphorylation of the activating
transcription factor ATF-2, a p38™MAPX target, was detected in the first 60 minutes of
activation, and declined afterward, which would indicate that p3 MAPK active form was
produced within the first hour of activation. Furthermore, CpG-ODN treatment lead to
the activation of PI3-kinase-AKT pathway in BJAB cells, and cells showed a significant
level of pAKT in 90 minutes of activation. BJAB cells showed a significant basal

activation level for pERK1/2 and pAKT products, but to a less extent for pATF-2
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product. The basal levels of pERK1/2 declined directly upon the CpG-ODN stimulation,
but returned to increase in a time manner response subsequently, whereas it increased
gradually in AKT-1 activation. Moreover, ERK 1/2 and ATF-2 phosphorylation were
only seen after one hour of CpG-ODN activation, whereas AKT phosphorylation was
increasing and showed a high pAKT/AKT ratio at 90 minutes, the latest time point
determined in this assay. As a result, PI3K/AKT pathway activation occurs in a longer

time when compared with the other pathways.

As previously stated, the activation of TLRY through CpG-ODN recruits MyD88-
adaptor to induce the activation of MAPK and AKT pathways which induces the
degradation of IkB-o complex and thus NF-xB pathways (Akira S. 2004). For that,
detecting the activated parts of the subsequent pathway (pIkB-o and NF-xB activity
respectively) indicates their activation with 10103 CpG-ODN. To detect IxB-a
degradation, cells were tested using a western blotting technique in a time dependent
manner in the presence or absence of 10103 CpG-ODN. Normal PBMCs treated with
LPS, showed an activation and IxkB-a phosphorylation in macrophages (Kim CS et al.,
2001). In this work, LPS treated PBMCs showed a significant plkB-a degradation in 15
minutes, which declined afterward indicating the efficiency of technique. plkB-a
degradation was then tested in tumour cell lines. Burkitt’s lymphoma Ramos and BJAB
cell lines treated with 10103 CpG-ODN showed a significant pIkB-a production. Ramos
cell line was highly activating IkB-o. degradation from the first minutes peaking the
highest after 15 minutes, to decline after that. In contrast, BJIAB cells needed a longer
time to activate the IkB-a degradation, and showed a significant pIkB-a production after
60 minutes, declining towards normal after that, which was the same time as MAPK

activated pathway results in BJAB cells.

To confirm the involvement of TLR9 in the CpG-ODN mediated downstream IxB-o
degradation, TLR9 transfected Hek293 and HeLa cells were tested. Mock transfected
Hek293 and HeLa cells were used as a TLR9 negative control cells. TLR9 transfected
Hek293 and HeLa cells showed IxB-a degradation, leading to the production of pIkB-a
that peaked at 15-30 minutes in HeLa HA/TLRY cells and remained high after 90
minutes of CpG-ODN activation in Hek293 HA/TLR9, whereas the mock transfected
cells (Hek293 pDisplay and HeLa pDisplay) did not show any activation process, as no
plkB-a was produced. These data indicate that CpG-ODN mediated plkB-a production

130



is TLR9 dependent, and that the transfected TLR9 in Hek293 and HeLa cells was
functional. Also, each cell line differs in its activation time, but all of the TLR9 positive
cells tested were activated with CpG-ODN.

NF-xB activation results from CpG-ODN stimulation of IkB-o/ NF-xB pathway via
TLR9 (Longo PG et al., 2007). NF-xB activation prompts the synthesis of IxkB and its
activation is anti-apoptotic, so enhances cellular proliferation (Shishodia S et al., 2005).
Determining NF-xB activation indicates its involvement in the downstream signalling
due to CpG-ODN activation via TLR9 and its influence on cellular proliferation. For
that reason, cells were tested for the effect of CpG-ODN in activating NFxB pathway by
transfecting them with 3xXNF«kB luciferase construct gene, to determine their luciferase
activity in presence and absence of 10103 CpG-ODN. Ex vivo PBMCs and B-CLL cells,
and tumour B-cells, BJAB and RPMI, showed a significant NF-kB activation on
stimulation with CpG-ODN. A control group of the same cells were left without
luciferase construct, did not enhance NF-xB activation. Untransfected, mock transfected
and TLRY transfected Hek293 and HeLa cells were also tested for their NF-xB
activation in the same way. Un-transfected and Mock transfected Hek293 and HeLa
cells were used as a negative control to ensure the involvement of TLRY in this
activation, and a control group of the same cells were left without luciferase construct.
CpG-ODN treated untransfected and mock transfected Hek293 and HeLa cells did not
activate NF-xB. In contrast, TLR9 transfected Hek293 and HeLa cells responded to
CpG-ODN stimulation and showed NF-xB activation. These results were consistent with
other studies (Takeshita F et al., 2001; Ishii KJ et al., 2002; Cornélie S et al., 2004,
Takeshita F et al., 2004; Vollmer J et al., 2004a), and indicate that CpG-ODN mediated
activation of NF-kB is TLR9 dependent.

The observations of the IkB-o/NFxB activated pathway along with the activation of
MAPK and AKT pathways, indicates that CpG-ODN induces a downstream signalling
cascade via the activation of TLR9. In addition to that, each TLR9 positive cell line
responds to this activation in slightly different times. These results are consistent with
other studies done on CpG-ODN/TLR9 mediated responses (Hacker H et al., 1998; Yi A
et al., 1998; Hacker H et al., 1999; Hacker H et al., 2000; Hemmi H ef al., 2000; Ishii
KJ et al., 2002 Yi AK et al., 2002; Shishodia S et al., 2005; Longo PG ef al., 2007).
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Cytokine release results from the activation of TLR9 with CpG-ODN (Yi AK et al.,
2001; Yi AK et al., 2002; Saegusa K et al., 2007). Detecting their release would help in
determining the functional responses of CpG-ODN via TLR9. TLRY positive and
negative cells were tested for their production of IL-6, IL-10 and TNF-a after 36 hours
of stimulation with 10103 CpG-ODN or medium alone. The data indicate that ex-vivo
cells (PBMCs, B-CLL, TH044 and FC029) expressed a low basal level of IL-6, that was
significantly increased after CpG-ODN activation, whereas the TLR9 expressing B-cell
lines (RPMI, Ramos, Lila and BJAB) did not express IL-6 cytokine in the resting stage,
but significantly increased its release in Lila and BJAB cells after CpG-ODN activation,
but not in Ramos and RPMI cell lines. In contrast, IL-10 basal level was relatively high
in tumour B-cell lines (except for Lila), compared with the ex vivo cells, but upon the
CpG-ODN stimulation most of them showed a significant increase in IL-10 release,
except for RPMI cell line. Ex-vivo cells, PBMCs, B-CLL, TH044 and FC029, showed a
low to negative basal expression of IL-10 that was significantly increased after CpG-
ODN stimulation. Both ex-vivo cells and tumour B-cell lines showed a low basal
expression of TNF-o that was mostly enhanced in the presence of CpG-ODN, except in
Ramos cell line, which did not show any increase in TNF-o release. RPMI multiple
myeloma cell line showed a small increase in the release of TNF-a, while it did not
enhance the production of IL-6 and IL-10 after CpG-ODN activation. U266 and Karpas
TLR9 negative multiple myeloma cell lines did not show any induction in the IL-6, IL-
10 and TNF-a cytokines following culture with CpG-ODN. Although U266 cells
expressed a high basal IL-6 level, consistent with previous observations of this cell line
(Schwab G et al., 1991), the expression was not augmented by the treatment with CpG-
ODN.

To further determine the role of TLR9 in CpG-ODN mediated cytokine release, TLR9
transfected Hek293 and HeLa cells were tested. They showed no significant production
or induction of IL-6, IL-10 and TNF-a cytokines in the absence or presence of CpG-
ODN respectively. Furthermore, mock transfected Hek293 and HeLa, used as control
cells, also did not show a basal cytokine expression nor an enhancement in the cytokine
release after CpG-ODN ftreatment. Taken together with the data in U266 and Karpas
(TLR9 negative multiple myeloma) cell lines, TLR9 is a pre-request for CpG-ODN
mediated cytokine release. On the other hand, the lack of this response in TLR9
transfected Hek293 and HeLa cells might indicate cell type-specific differences in
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cytokine responses between B-cells and epithelial cell lines. Published data on Hek293
and HeLa cells, mostly discussed IL-8 and MCP-1 cytokine release (Marchand P et al.,
2000; McFarlane SM et al., 2002), which I did not test for.

To determine the functional effect of 10103 CpG-ODN in upregulating the relevant
surface markers and cellular proliferation, ex-vivo cells and tumour (haematological and
non-haematological) cells were tested for surface marker upregulation (CD54, CD80,
CD86 and MHC II) and cellular proliferation in response to CpG-ODN stimulation. To
rule out the effect of factors other than TLR9 in enhancing CpG-ODN function, TLR9
and mock transfected Hek293/HeLa cells were tested for their CpG-ODN mediated
surface marker upregulation and cellular proliferation. CpG-ODN mediated responses
towards the upregulation of the surface markers were variable depending on cell type.
Ex-vivo B-cells (PBMCs and B-CLL) showed a highly significant upregulation on the
four tested surface markers, whereas the tumour B-cell lines showed more variable
results, although at least one surface marker upregulation was detected in TLR9
expressing cell lines, whilst TLR9 negative cell lines did not upregulate any of the
surface markers in response to CpG-ODN. Almost all TLR9 expressing B-cells showed
a significant upregulation in the adhesion molecule, CD54, except for Raji cells which
only upregulated CD86 costimulatory molecule in response to CpG-ODN. CpG-ODN
stimulation upregulated costimulatory molecules CD80 and/or CD86 in almost all the
TLRY expressing cells except for Lila cell line. MHC II was significantly upregulated in
CpG-ODN stimulated tumour B-cell lines expressing TLR9, except Raji cell line. TLR9
negative tumour cells did not show any upregulation in the four surface markers
although, two of them (HL-60 and U266) showed a high basal expression levels that was
not upregulated after CpG-ODN activation.

These results were similar to the published data as they showed that normal B-cells, B-
CLL cells, EBV—transformed cell lines and other cell lines representative of mature B-
cell neoplasias (Burkitt’s lymphoma and follicular lymphoma) expressed TLR9 and
responded to CpG-ODN stimulation activating signalling pathway, secreting IL-6, IL-10
and TNF-a cytokines, activating NF-kB, upregulating CD54, CD80, CD86 and MHC II
surface markers and induceding cellular proliferation (Krieg A et al., 1995; Klinman D
et al., 1996; Decker T et al., 2000a; Decker T et al., 2000b; Hartmann, G et al., 2000;
Jahrsdorfer B et al., 2001; Verthelyi e al., 2001; Brouke E et al., 2003; Leifer CA et al.,
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2004; Takeshita F et al., 2004; Henault M et al., 2005; Jahrsdorfer B et al., 2005;
Grandjenette C et al., 2007).

Jahrsdorfer B and colleagues (2005) found that most B-cell malignancies except
plasmacytoma, isolated from bone marrow of patients with multiple myeloma,
responded to CpG-ODN stimulation by upregulating surface markers and cellular
proliferation. They also reported that B-CLL and marginal zone lymphoma showed the
strongest activation upon stimulation with CpG-ODN whereas follicular lymphoma and
mantle cell lymphoma showed an intermediate response. B-CLL cells also showed a
strong response to CpG-ODN by increasing cellular proliferation and activating
signalling pathways (Longo et al., 2007). These results were consistent with mine, B-
CLL showed significant responses to CpG-ODN activation while cells lacking the
expressing of TLR9 (U266 and Karpas multiple myeloma) were unresponsive to CpG-
ODN activation.

CpG-ODN stimulation of TLR9 negative non-haematological (MCF-7, Hek293 and
HeLa) cells, had no effect on surface marker expression. In addition, TLRY transfected
or mock transfected Hek293 and HeLa cells did not show surface marker upregulation
after CpG-ODN treatment. Taking the results together, CpG-ODN mediated surface
marker upregulation is TLR9-dependent, but expression of TLR9 does not confer the
ability to upregulates the surface markers tested, as demonstrated by TLR9 transfected
Hek293 and HeLa cells. As with cytokine responses, this effect may be dependent on
cell type and TLRY transfected Hek293 and HeLa cells might respond to CpG-ODN
activation by upregulating surface markers other than CD54, CD80, CD86 and MHC I1.

To determine the other functional response of CpG-ODN, cellular proliferation, tumour
cells were studied, according to their TLR9 expression. Ex-vivo (PBMCs, B-CLL and
THO044) cells and TLR9 positive tumour B-cell lines showed a significant increase in
cellular proliferation in response to CpG-ODN activation. On the other hand, TLR9
negative tumour B-cells, U266 and Karpas, did not show cellular proliferation in
response to CpG-ODN. TLR9 negative non-haematological tumour cell lines, Hek293,
HeLa, MCF-7, DU-145, HRT-18 and WM1361A, did not respond to CpG-ODN
stimulation with enhanced cellular proliferation. To determine the role of TLR9 in CpG-
ODN mediated cellular proliferation, TLR9 and mock transfected Hek293 and HeLa
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cells were tested. TLRY transfected Hek293 cells showed some increase in cellular
proliferation when compared with their mock transfectants’ response towards CpG-ODN
mediated cellular proliferation. In contrast, TLR9 transfected HeLa cells did not show
any changes in their cellular proliferation and same results were seen with the mock
transfected HeLa cells. As TLRY transfected HeLa cells did not express TLR9 to the
same level as in TLR9 transfected Hek293 cells, it might be a reason why the TLR9
transfected HeLa cells did not show some increase in cellular proliferation. The response
in cellular proliferation to CpG-ODN in TLR9 positive Hek293 cells, along with the
activation of NF-kB pathway, further emphasizes that CpG-ODN activation is TLR9
dependent.

In this work, the cellular proliferation and NF-kB activation data from CpG-ODN
activation via TLR9 indicate that NF-kB activation enhances and regulates cellular
proliferation. This result is consistent with the reports indicating that NF-xB activation is
anti-apoptotic and enhances cellular proliferation (Shishodia S et al., 2005). At the end
of this chapter, I have shown the different CpG-ODN mediated immune responses
resulted from the activation of TLR9 in normal and tumour cells. However, major
challenges remains; ‘what are the biochemical and molecular events that connect the
intracellular signalling pathways and the functional responses in CpG-ODN mediated

responses?’ Determining that could lead to the birth of new aspects in cancer therapy.
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3.5 Conclusion:

This chapter demonstrates elemental insights into the role of TLR9 in CpG-ODN
mediated responses in human tumour cells. Firstly, the expression of TLR9 is a
prerequisite for CpG-ODN responsiveness. Results indicate that TLR9 positive
haematological tumour B-cells are CpG-responsive cells, while TLR9 negative tumour
B-cells and non-haematological tumour cells are not. Furthermore, TLR9 transfections
in Hek293 and HeLa cells confer CpG reactivity to the cells that are otherwise non-
responsive to cellular proliferation and NF-xB pathway activation, although these cells
differed in cytokine responses and surface marker upregulation when compared with

TLR9 positive B-cell lines.

The data in this chapter indicate that TLR9 recognizes CpG-ODN, mediating cellular
activation and proliferation. CpG motif was recognized in this work as a potent adjuvant
that led to the activation of ERK1/2, AKT, p38MA™® and IxB-o/NF-xB downstream
intracellular pathways. TLR9 expressing B-cells were activated by CpG-ODN, and the
active phosphorylated product of ERK1/2, ATF-2 (p38MAPX activation product), AKT
and IxB-o were detected in BJAB Burkitt’s lymphoma. NF-kB activation was also
detected in CpG-ODN activated BJAB cells. The activation of these downstream
signalling pathways by CpG-ODN suggested that they might be effectors in the TLR9
activating pathway during CpG-ODN stimulation. NF-kB downstream intracellular
pathway was also tested in other cells to determine the CpG-ODN mediated stimulatory
effect in TLR9 positive and negative cells. TLR9 expressing tumour B-cells were found

to activate this pathway, while TLR9 negative cells did not.

TLR9 positive cells, also, showed a CpG-ODN mediated cytokine release, whereas
TLR9 negative cells did not. The CpG motif was found to activate the cell and enhance
the release of IL-6, IL-10 and TNF-a cytokines in ex-vivo cells and in some of the
tumour B-cell lines. These cytokines were found to be CpG-ODN/TLR9 dependent to
regulate the immune responses. IL-6, IL-10 and TNF-a release were increased in almost
all TLRO positive cells in response to CpG-ODN. TLR9 negative B-cell lines, U266 and
Karpas, and non-haematological tumour cells did not respond to CpG-ODN and had no
effect on cytokine release. However, CpG-ODN stimulation of TLR9 or mock
transfected Hek293 and HeLa cells did not enhance IL-6, IL-10 and TNF-a cytokine
release. This might indicate that these cytokines are not expressed in Hek293 and HeLa
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cells, and I should look for the release of other cytokines after CpG-ODN activation.
TNF-a was known for its role in the regulation of inflammatory responses by activating
intracellular signalling and cellular proliferation (Han Y ef al., 1999), and data in this
chapter were consistent with that. While TLR9 positive B-cells showed intracellular
signalling, NF-xB pathway activation by inducing IxB-o phosphorylation and NF-xB
translocation, increased CD54 and MHC II expression and cellular proliferation they

also showed an increase in TNF-a release after CpG-ODN activation.

Human B-cell malignancies originate from different stages of cell differentiation which
may affect expression of TLR9 and their sensitivity and responsiveness towards the CpG
activation. TLR9 positive tumour B-cells recognized CpG motif and upregulated at least
one of the four surface markers tested. The expression of adhesion molecule CD54 and
the antigen-presenting molecule MHC II were significantly upregulated in almost all
TLR9 positive tumour B-cells. The expression of the costimulatory molecules CD80 and
/or CD86 was upregulated in most of the B-cells. The upregulation of the costimulatory
molecules in the activated B-cells suggest that CpG-ODN would improve the cellular
interactions of B cells and T cells by enhancing the upregulation and expression of the
adhesion molecule CD54, and would increase the levels of the costimulatory molecules
CD80 and CD86 and the antigen-presenting molecule MHC II needed to facilitate
antigen presentation to naive helper T cells. In this way, CpG-ODN might provide a

rational immunotherapy for TLR9 positive B-cell malignancies.

The recognition of the CpG motif in the TLR9 positive cells was found to increase their
cellular proliferation significantly. TLR9 negative cells did not induce any CpG-ODN
mediated cellular responses, as no cytokine release, NF-xB activation, cellular
proliferation or surface marker upregulation were indicated. Another fundamental
insight of this work is that hTLR9 transfections in Hek293 and HeLa cells conferred
CpG reactivity, leading to increase cellular proliferation, IxB-a degradation and NF-xB
activation, but not to upregulation of the surface molecules or cytokine release as tested.
This might be due to testing the wrong parameters, or to differences in responsiveness to
CpG-ODN of different TLR9 positive cell types. These results indicate that the
transfected TLR9 was capable of mediating CpG-ODN induced intracellular signalling,
but that the effect of CpG-ODN stimulation in TLR9-transfected Hek293 and HeLa cells
was distinct from the effects of CpG-ODN/TLRY signalling in B-cells and cell lines
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constitutively expressing TLR9. The conclusion of this chapter provides a clear evidence
for the causative relationship between the expression of hTLR9 and the CpG-mediated

response in human tumour cells.
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CHAPTER FOUR
CpG-ODN Mediated Tolerance

4.1 Introduction:

CpG oligodeoxynucleotide (ODN) mediated tolerance is a state of refractoriness towards
a second stimulation by CpG-ODN after a preceding treatment with CpG-ODN. B-cells
were found to express TLR9 and upon their activation with CpG-ODN, they rapidly
increase levels of costimulatory molecules, produce cytokines, proliferate, and induce
activation of transcription factor NF-xB. NF-kB plays a critical role in CpG DNA-
mediated cellular proliferation and TNF-a cytokine production. TNF-a release stimulates
the innate immune response, induces cytokine production such as IL-6, and induces
tumour cell death (Klinman D M et al., 1996 ; Yi AK et al., 1998; Yi AK et al., 2002;
van Horssen R et al., 2006; Wei L et al., 2006). I wished to determine whether a non-
activating dose of CpG-ODN could render the target cells unresponsive to a subsequent
activating dose of CpG-ODN, as this could have important implications for the use of
CpG-ODN in immunotherapy. Tolerance status has been demonstrated for
Lipopolysaccharide (LPS) in TLR4 activation, a phenomena that has been called "
endotoxin tolerance” (Wysocka M et al., 2001; Sato S et al., 2002).

CpG DNA /TLR9 tolerance has been studied in monocyte/macrophages of mouse
(Crabtre. TD et al., 2001; Yeo SJ et al., 2003), but not previously in B-cells. The
mechanisms that lead to ‘endotoxin tolerance’ and ‘CpG DNA/TLRY tolerance’ and
their immunological paralysis remain unclear and still under investigations. Most of the
published studies were on ‘endotoxin tolerance’ induced by TLR2 and TLR4 agonists,
LPS, suggesting an impaired expression and/or function of common signalling
intermediates involved in LPS signalling including ERK, JNK, and p38 MAP Kinases
and NF-kB pathways (Kraatz J et al., 1999; Tominaga K et al., 1999; Medvedev AE et
al., 2000; Dobrovolskaia MA et al., 2003). Recent studies indicated the involvement of
other signalling components, the IRAK and IkB, in the induction of ‘endotoxin
tolerance’ (Dobrovolskaia MA et al., 2003; Hatao F et al., 2004; Kim YI et al., 2008).
The ‘CpG-ODN/TLRY tolerance’ was studied in murine macrophages either as
homotolerance (i.e. CpG-ODN is the tolerising and the challenge stimulus) or

heterotolerance (i.e. in conjunction with LPS cross-tolerance), and the underlying
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mechanisms were suggested to be an interaction of altered conditions at several steps of
signal transduction and mainly in IRAK (Yeo SJ et al., 2003; Hatao F et al., 2004;
Dalpke A.H et al., 2005; Kim Y1 et al., 2008).

As a result, the immunologic effects of CpG-ODN delivery are dose-dependent, and the
appropriate dosage to regulate and initiate the innate and adaptive immune response are
likely to be necessary for its immunotherapeutic uses. In in vitro studies on murine
macrophages done by Wei L and colleagues, pretreatment with CpG-ODN significantly
inhibited the activation of NF-xB, which also inhibited cellular proliferation (Wei L et
al., 2006). Additionally, several studies reported that CpG DNA pretreatment suppressed
expression of TNF-a, IL-6, IL-10, and IL-12 in murine macrophage-like RAW264.7
cells in response to subsequent challenge by CpG DNA. Furthermore, they have stated
that CpG DNA-mediated signalling activation, including ERK, p38 and NF-«xB
pathways, were greatly suppressed in RAW264.7 cells pretreated with CpG DNA
(Crabtree TD et al., 2001; Yeo SJ et al., 2003; Dalpke AH et al., 2005; Broad A et al.,
2007; Kim YI et al., 2008).

In the last few years, a lot of effort has been put in to reveal the CpG DNA mediated
responses in activating cells to mediate its therapeutic benefits. Yet, the effect of its
suppressed activity and down-regulation of the immune system has received relatively
little attention. It is still not clear whether previous exposure of tumour B-cells to a non-
activating dose of CpG DNA induces suppressive response (tolerance) to subsequent
stimulation with an activating dose. In the present study, I wanted to investigate whether
CpG DNA has the ability to induce a refractory state in tumour B-lymphocytes via
TLRY, and to what extent. For this purpose, I have used Burkitt’s lymphoma BJAB
tumour B-cells as a model system, and studied the effect of a non-activating dose of
10103 CpG-ODN on the downstream signalling for the induction of the transcription
factor NF-xB and its role in CpG DNA-mediated cytokine production of TNF-a, IL-6
and IL-10 to subsequent challenge with CpG DNA in BJAB tumour B-cells.
Furthermore, 1 have studied its effect on the levels of adhesion and costimulatory
molecules and cellular proliferation. Finally, BJAB cell responses were compared with
ex vivo B-cells and other transformed tumour B-cell line (RPMI) to demonstrate the

consistency of these responses.
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4.2 Materials and methods:

4.2.1 Materials:
o 10103 CpG ODN (Coley Pharmaceutical, Canada)
. Anti-CD54-PE (Beckman Coulter, UK)
° Anti-CD80-FITC (clone MAB104, Beckman Coulter, UK)
. CD86-PE (clone HAS5.2B7, Beckman Coulter, UK)
° Anti-MHC II-FITC (monoclonal mouse anti-human HLA-DP DQ, Dako ,
UK)
. Anti-IgG1-PE (Beckman Coulter, UK)
o Anti-IgG1-FITC (Beckman Coulter, UK)
. [methyl->H] thymidine (GE Healthcare, UK, Ltd)
° Effectene Transfection Reagent (Qiagen, UK)
. Luciferase assay system (Promega, UK)
° Beadlyte® Human Muli-cytokine Beadmaster™ Kit (Milipore, UK)

4.2.2 Methods:

4.2.2.1 Tolerising effect of low dose of CpG-ODN:

As indicated in Chapter Three (section 3.3.1), 3ug/ml 10103 CpG-ODN was
considered as an activating dose, for most of the tested TLRY positive cells, whereas
the low dose of 0.1pg/ml 10103 CpG-ODN showed little or no effect on the
upregulation of their surface markers (Table 3.1). To test the effect of the non-
activating dose of CpG-ODN on the ex vivo cells (PBMCs and CLL B-cells) and
tumour B-cells (RPMI 8226 and BJAB), and to detect the response after the
subsequent addition of an activating dose, cells were left one or three days in
0.1pg/ml 10103 CpG-ODN, before exposing the cells to the activating dose (3pg/ml
10103 CpG-ODN) for three days (optimum time). Tumour B-cells RPMI 8226 and
BJAB were also pretreated for up to four weeks with 0.1pg/ml 10103 CpG-ODN and
then activated for three days with 3ug/ml 10103 CpG-ODN to determine the
duration of the tolerising effect. Finally, BJAB cells were treated with the low dose
of 10103 CpG-ODN for one or three days, washed, and were then tested for the
length of the time that they remained unresponsive to a subsequent activating dose of
3pg/ml 10103 CpG-ODN.
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4.2.2.2 Effect of 0.1pg/ml 10103 CpG-ODN on NF-xB luciferase activity: )
To determine the effect of the 0.1pg/ml 10103 CpG-ODN dose for a limited time on
the activation of NF-kB, ex vivo cells (PBMCs and B-CLL) and tumour B-cell lines
(RPMI 8226 and BJAB) were left for one and three days with 0.1pg/ml 10103 CpG-
ODN before being transiently transfected with 3xNFxB.luc DNA construct gene
using Effectene Transfection Reagent (Qiagen, UK) (as described in section 3.2.2.6).
In addition, tumour B-cells (RPMI and BJAB) were left for up to four weeks with
the non-activating dose and tested each week for its effect on the activation of NF-
kB.

4.2.2.3 Effect of 0.1pg/ml 10103 CpG-ODN dose on cytokine release:

Ex vivo B-cells of PBMCs and B-CLL and tumour B-cells of Burkitt’s lymphoma
BJAB and multiple myeloma RPMI 8226 cell lines were left one and three days with
0.1pg/ml 10103 CpG-ODN before they were activated with the 3pg/ml 10103 CpG-
ODN activating dose. Resting and 10103 CpG-ODN activated cells were cultured
for 36 hours in triplicate wells, flat bottom 96 well plate, after which supernatants
were collected and assayed for their cytokine release as described earlier in Chapter
Three (section 3.2.2.7) using a multiplex cytokine assay, Beadlyte® Human Muli-
cytokine Beadmaster™ Kit (Milipore, UK), for the measurement of the secretion of
three cytokines (IL-6, IL-10 and TNF-a) by those cells.

4.2.2.4 Effect of low CpG dose on flow cytometric analysis of surface markers:
Flow cytometry was used to investigate the expression of the adhesion molecule
CD54, costimulatory molecules CD80 and CD86 and Major Histocompatibility
Complex (MHC) class II, and to detect if 0.1pg/ml 10103 CpG-ODN would affect
their upregulation upon their subsequent activation with CpG ODN.

To determine the effect of the low dose of CpG-ODN for a limited time on the
upregulation of the relevant surface markers, 5x10° cells/ml were treated with the
0.1pg/ml 10103 CpG-ODN, cells were washed with PBS, and the pellet stained with
the four surface marker monoclonal antibodies as described in section (3.2.2.8).
Fluorescence values were brought together after live gating of 10,000 events were

acquired using CellQuest software (BD Biosciences, UK).
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4.2.2.5 Effect of low CpG dose on Cellular Proliferation: )

A direct proliferation assay in which DNA synthesis was the indicator of cell growth
was carried out using a radioactive nucleotide assay ([methyl->H] thymidine). The
incorporation of *H-thymidine into replicating DNA was measured, which is directly
proportional to the amount of cell division occurring in the culture. To determine the
occurrence of CpG-ODN mediated tolerance phenomena, cells were pretreated with
the low dose CpG-ODN for a limited time before exposing the cells to an activating
dose and measuring their proliferative response. 5x10° cells/well in triplicates, flat
bottom 96 well plate, of tumour B-cell lines (RPMI and BJAB ) and ex-vivo cells
(PBMC and B-CLL) were pretreated with the low dose of 0.1pg/ml 10103 CpG-
ODN for one and three days. In addition, tumour B-cells (RPMI and BJAB) were
left for up to four weeks with the low dose and tested each week for their
proliferative responsiveness to a subsequent activating dose of CpG-ODN. A control
group of the same cells were left untreated with 0.1 pg/ml 10103 CpG-ODN.
[Methyl->H] thymidine (1xCi/well) (GE Healthcare, UK, Ltd) was added overnight
and cells were harvested and read as described in section (3.2.2.9). The incorporation
of [3H] thymidine in cellular DNA was measured using f-counter (1450 Microbeta

plus liquid scintillation counter - Wallac, Finland).

4.2.2.6 Time-dependent response of CpG-ODN to re-activate pretreated BJAB
cells.

- To determine the effect of pre-treatment on the length of refractory period, BJAB
cell lines were pretreated with the low dose (0.1 pug/ml) of 10103 CpG-ODN for one
and three days before washing them with fresh media and then investigated for the
time that they needed to return back to be responsive to the activating dose of 3ug/ml
10103 CpG-ODN and activate NF-kB production.

4.2.2.7  Statistical analysis:

Each experiment was done in triplicates, except for the FACS results. Data were
analysed using Student’s paired t-test using GraphPad prism 4 software version 4.03.
Data points represent the mean of at least three parallel samples plus/minus S.E.M.
Results were considered significant when p value was less than 0.05, and very

significant when p value was less than 0.001.
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4.3 Results: :

As was previously determined (Chapter Three, Table 3.1), 0.1pg/ml of 10103 CpG-
ODN was found to be a non-activating dose for many cell lines when tested for its effect
on upregulating the surface marker CD54, CD80, CD86 and MHC II. Burkitt’s
lymphoma BJAB cell line was found to express TLR9 and respond to CpG-ODN
activation in a highly sensitive way. 0.1ug/ml 10103 CpG-ODN did not upregulate the
four surface markers’ expression in BJAB cell line (data not shown) suggesting that it
might be a non-activating dose. In this work I wanted to investigate whether pre-
exposure to low dose (0.1pg/ml) of 10103 CpG-ODN would induce hypo-
responsiveness in Burkitt’s lymphoma BJAB cells in response to subsequent activating
dose (3ug/ml) 10103 CpG-ODN challenge, and to compare its response with that of
another TLR9 positive tumour B-cells (RPMI multiple myeloma) and normal PBMCs
and B-CLL ex vivo B cells to demonstrate the consistency of this effect. Cells were
pretreated with the proposed non-activating dose of 10103 CpG-ODN (0.1pg/ml) for a
limited time, and then tested for their responsiveness to the subsequent activating dose
of 10103 CpG-ODN (3ug/ml), by activating the transcription factor NF-xB, enhancing
cytokine release, upregulating the relevant surface markers, and increasing cellular

proliferation.

4.3.1 Effect of 0.1pg/ml of 10103 CpG-ODN pretreatment on CpG-mediated
immune responses:

As previously demonstrated (Chapter Three), TLR9 expressing B-cells showed
significant CpG mediated immune responses to stimulation with optimal doses of
CpG-ODN. In this work I wanted to determine the effect of pretreatment with low
doses of CpG-ODN (0.1pg/ml of 10103 CpG-ODN) on B-cells, and to what extent it
will affect the CpG-ODN mediated responses to a subsequent activating dose.

4.3.1.1 CpG-ODN mediated response of Burkitt’s lymphoma BJAB B-cells
pretreated with 0.1pg/ml of 10103 CpG-ODN:

Burkitt’s lymphoma BJAB cell line was used as the main cell line in my studies to
determine their CpG-ODN functional and molecular mediated immune responses.
BJAB cells were found to respond to 3pg/ml of 10103 CpG-ODN by activating the
downstream signalling pathways (ERK, p38 MAPX AKT pathways and IxkB-NF-«xB

pathway), by releasing cytokines, upregulating surface marker expression and
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increasing cellular proliferation (Chapter Three). BJAB cells were left for up to three
weeks in O.lpg/ml 10103 CpG-ODN before activating them with 3pg/ml 10103
CpG-ODN to study the short term and long term effects of low dose CpG-ODN.

A) Effect on CpG-ODN mediated downstream signalling:

Table 4.1 illustrates the effect of O.lpg/ml 10103 CpG-ODN pretreatment of BJAB
cells on the activation of the transcription factor NF-kB. Control BJAB cells
(cultured in medium alone) showed a highly significant increase in NF-KB activity
after CpG-ODN activation. Additionally, BJAB cells were tested for the effect of
short term (one, two and three days) and long term (two and three weeks)
pretreatment with O.lpg/ml CpG-ODN and showed an obvious inhibition of NF-
KB activity following subsequent exposure to an activating dose of CpG-ODN
(3pg/ml). O.lpg/ml 10103 CpG-ODN was found to be a non-activating dose, and
cells did not increase the basal activation level of NF-KB. As a result, BJAB cells
pretreated with the non-activating (O.lpg/ml) dose dramatically inhibited NF-kB

activation to a subsequent activating dose (3pg/ml) in a short or long term assay.

BJAB

NF-KB activation. Resting Active
Control Medium 197.2+10.10 702.7+£38.90**
One day 207.2 £10.79 249.2 £3.928
?:r(;t Two days 260.7 £31.71 204.7£18.85
Three days 152+9.849 238.7+£37.37
Long Two Week 127.7+5.696 193+30.24
term Three weeks 270.1 = 4.816 254.7+ 7.351

Table 4.1. Effect of the non-activating dose of O.lpg/ml 10103 CpG-ODN on NF-KB activation
in Burkitt’s lymphoma BJAB cells pretreated for up to three weeks followed by a subsequent
activating dose of 3pg/ml 10103 CpG-ODN. Control Burkitt’s lymphoma BJAB cells were left
untreated (medium alone) before their activation for 18 hours. Data represent the mean luciferase
activity RLU + S.E.M oftriplicates. This experiment was done only once. ** P<0.005 (compared

to control non-active cells).

To determine the effect of pretreatment with O.lpg/ml 10103 CpG-ODN on the
ability of BJAB cell line to release cytokines, cells were left with the O.lpg/ml
10103 CpG-ODN for one and three days before their subsequent activation with
3pg/ml 10103 CpG-ODN for 36 hours. As Table 4.2 illustrates, the control group
of untreated BJAB cells showed a highly significant release in IL-6, IL-10 and
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TNF-a cytokines after CpG-ODN activation (3pg/ml). The basal expression level
ofthe cytokines in the control cells was low except for IL-10, which also showed
the highest induction after the subsequent activation. The basal expression level
of three cytokines did not change upon their pretreatment with 0.1 pg/ml 10103
CpG-ODN. On the other hand, 0.1pg/ml 10103 CpG-ODN did not induce a
complete inhibition of cytokine release in pretreated BJAB cells, and cells still
showed some induction of IL-6, IL-10 and TNF-a release, although this was
reduced compared with the responses of control resting and CpG-ODN activated

cells for IL-6 and TNF-a production (Table 4.2).

Cells Time CpG—/O]IDN Cytokine release (pg/ml)
(pg/ml) IL-6 IL-10 TNF-a
0 1.020+0.1823  443.8+11.88  4.845+1.7
Control 3 1341£1. 1% 3240472.7%%% 397041 28%*
0.1 13534052 293741121  3.147+0.00
BJAB ~ One day 3 7.92312.07%  2699+264.6%  23.92:+4.69%*
0.1 1.868+0.52  375.0+14.57  2.602+0.545
Three days 3 5.52740.42%  3393+£1863%*  18.41£3.21%

Table 4.2. Effect of O.lpg/ml 10103 CpG-ODN on the CpG-ODN mediated induction of IL-6,
IL-10 and TNF-a cytokines in Burkitt’s Lymphoma BJAB cells. BJAB cells
(1x10 5cells/200pl/well) were pretreated with medium alone or with O.lpg/ml 10103 CpG-ODN
for one and three days before their subsequent activation with 3pg/ml 10103 CpG-ODN for 36
hours, and supernatants were collected to determine the cytokine production. Cytokine release in
cell supemates was assayed using Beadlyte® Human Multi-cytokine Beadmaster™ Kit
(Milipore, UK). Data represent the mean concentration pg/ml = S.E.M of triplicates. This
experiment was done only once. * #<0.05, ** P<0.005, *** /*<).001 (compared to its non-

activated cells).

B) Effect on CpG-ODN mediated surface marker upregulation and cellular
proliferation:

In this work I wanted to determine the effect of 0.1 pg/ml 10103 CpG-ODN on the
subsequent ability of CpG-ODN to upregulate surface marker expression and
cellular proliferation in Burkitt’s lymphoma BJAB cell line. BJAB cells were
tested for their short term (one and three days) and long term (one, two and three

weeks) effects.
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Figure 4.1 shows the effect of 0.1 pg/ml of 10103 CpG-ODN pretreatment on the
surface markers CD54, CD80, CD86 and MHC II upregulation in BJAB cells.
BJAB control cells pretreated with medium alone showed a significant
upregulation in the adhesion molecule CD54, costimulatory molecules CD86,
MHC 1II and to a lesser extent CD80 surface markers in response to CpG-ODN
subsequent activation. 0.1pg/ml 10103 CpG-ODN did not show a significant
increase in the basal CD54, CD80 and CD86 expressions over the three weeks of
pretreatment, indicating that it is a non-activating dose for them (data not shown).
BJAB Burkitt Lymphoma with non activating dose for up to three weeks
1 - coso e

o CD86 PE
1 o CLASS n FITC

ftf1r ., 1 1

Resting Active ONE DAY THREE DAYS ONE WEEK TWO WEEKS THREE WEEKS

Control BJAB Activated BJAB cells after loir doses of 10103 CpG-ODN

Figure 4.1. Fold changes in the effect of O.lpg/ml 10103 CpG-ODN on the upregulation of adhesion
molecule CD54, costimulatory molecules CD80, CD86, and MHC II expression in pretreated BJAB
Burkitt’s lymphoma up to three weeks, followed by a subsequent activating dose of 3pg/ml 10103
CpG-ODN for three days. Control BJAB Burkitt’s lymphoma was left untreated before their
activation for three days. Data represent the fold induction from unstimulated control of MFIL. This

experiment was done only once.

The short term (less than a week) changes in the surface marker upregulation
showed a reduced expression level in all of the surface markers, but to a lesser
extent for CD80 than for the other markers, after the subsequent activation. The
long term effect of one and two weeks were still showing a reduction in CD54,
CD86 and MHC II expression after CpG-ODN activation, but their upregulation
returned towards normal after three weeks of pretreatment for CD54 and MHC 1l
expression, although CD86 upregulation remained reduced even in the three weeks

pretreated cells compared with the activated control BJAB cells. CD80 expression
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did not show a significant short term and long term effect compared with the
activated control cells, although it was also the surface marker that showed the

least response to CpG-ODN in control BJAB cells.

To determine the influence of the low dose of CpG-ODN on BJAB proliferative
responsiveness to a subsequent activating dose, CpG-ODN mediated cellular
proliferation was investigated. Cells were studied for their cellular proliferation
response in short term (one and three days) and long term effect (one and three
weeks). BJAB cells were pretreated with 0.1pg/ml 10103 CpG-ODN before the
subsequent activating dose (3pg/ml). Pretreatment with 0.1pg/ml 10103 CpG-
ODN did not show a significant increase in the basal cellular proliferation at the
indicated times, confirming it is a non-activating dose. Figure 4.2 illustrates the
fold differences in the induction ofthe cellular proliferation in short and long term
BJAB cells pretreated with 0.1pg/ml 10103 CpG-ODN, before and after their
subsequent activation. Activated control BJAB cells showed a significant increase
in their cellular proliferation. Both the short term and long term pretreatment made
the cells unresponsive to the subsequent CpG-ODN activation, as no increase in
cellular proliferation was seen.

Effect of low dose of 10103 CpG-ODN for up to three weeks on BJAB cellular proliferation
**0 0076

Resting Active 0.1 ul/ml Active 0.1 iil/ml Active 0.1 jiL'ml  Active 0.1 iiL'ml  Active
ONE DAY THREE DAYS ONE WEEK THREE WEEKS
Control BJAB cells Activated BJAB cells witk 10103 CpG-ODN

Figure 4.2. Cellular proliferation in Burkitt’s lymphoma BJAB cells pretreated with the non-
activating dose of O.lpg/ml 10103 CpG-ODN for up to three weeks, followed by a subsequent
activating dose of 3pg/ml 10103 CpG-ODN for 3 days. Control Burkitt’s lymphoma BJAB cells were
left untreated (resting) before their activation for three days. Resting or non-activating dose: blue bar,
three days activated cells: purple bars. Basal count in resting cells is (90270£4934 cpm), and it did
not change over the time. Data represent the mean (fold induction from unstimulated control) 3H-
thymidine incorporation + S.E.M of triplicates. This experiment was repeated in two independent

times.
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As a conclusion, the non-activating dose 0.1pg/ml 10103 CpG-ODN induced a
hyporesponsive state in Burkitt’s lymphoma BJAB cells for periods of up to three
weeks in some CpG-ODN mediated responses. To evaluate the tolerising effect of
low doses of CpG-ODN further, another tumour B-cell line (RPMI cells) and normal
PBMCs and tumour ex vivo B-cells were studied for the same effects.

43.1.2 CpG-ODN mediated response on RPMI multiple myeloma cells
pretreated with 0.1pg/ml of 10103 CpG-ODN:

I wanted to investigate the tolerising effect of low doses of CpG-ODN on multiple
myeloma RPMI 8226, another TLR9 positive tumour B-cell line. As transformed B-
cell lines can grow for longer time in the tissue culture, RPMI 8226 was tested for
the short and long term effects of the pretreatment with 0.1pg/ml 10103 CpG-ODN
on CpG-ODN mediated responses after the subsequent activation.

Effect on Multiple myeloma RPMI 8226 tumour B-cells:

Multiple Myeloma RPMI 8226 cell line was studied to detect any changes in the
CpG-ODN mediated NF-kB activation, cytokine release, surface marker
upregulation and cellular proliferation to the activating dose of 3pg/ml 10103 CpG-
ODN after pretreatment with 0.1ug/ml 10103 CpG-ODN for up to four weeks, to
find out if it would induce a hyporesponsiveness state, as was demonstrated in BJAB

cells.

A) Effect on CpG-ODN mediated downstream signalling:

RPMI tumour B-cells were cultured in 0.1pg/ml 10103 CpG-ODN for a short term
of one day and four days, and a long term of one week and two weeks before
transfecting them with the luciferase construct gene, and then activating with
3ug/ml 10103 CpG-ODN. 0.1pg/ml CpG-ODN did not affect the basal NF-xB
activation, indicating that it is a non-activating dose. Figure 4.3 illustrates the
effect of 0.1pug/ml 10103 CpG-ODN pretreatment of RPMI tumour B-cells on the
activation of the transcription factor NF-kB after a subsequent activation dose of
CpG-ODN. The control (untreated) cells were done in parallel at each time
interval, and the results are expressed as the mean fold increase for each time point
presented. Control RPMI cells showed a significant increase in NF-xB activity in
response to 3ug/ml 10103 CpG-ODN, while RPMI cells pretreated with 0.1pug/ml
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10103 CpG-ODN for one and four days did not show any activation for the
transcription factor NF-KB after the subsequent CpG-ODN activation. In contrast,
pretreatment of RPMI cells with 0.1 pg/ml 10103 CpG-ODN for one and two
weeks had no effect on the subsequent ability of CpG-ODN to induce NF-KB

activation.

Low dose effect 0of 10103 CpG-ODN for up to two weeks in 3xNF-kB
transfected RPMI 8226 cells
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DAY ONE DAY FOUR ONE WEEK TWO WEEKS
Control RPM1 Activated RPMI ceBs witk 10103 CpG-ODN

Figure 4.3. NF-KB activation in multiple myeloma RPMI 8226 cells pretreated with 0.1 pg/ml 10103
CpG-ODN for up to two weeks, followed by a subsequent activating dose of 3pg/ml 10103 CpG-
ODN. Control multiple myeloma RPMI 8226 cells were left untreated (medium alone) before their
activation for 18 hours. Resting or non-activating dose: blue bar, 18 hours activated cells: purple bars.
Basal activity in resting cells is (1402+33.2 RLU/s), and it did not change over the time. Data
represent the mean fold induction, from unstimulated control, in luciferase activity RLU+ S.E.M of

triplicates. This experiment was repeated in two independent times.

The effect of CpG-ODN mediated cytokine release was also determined for RPMI
tumour B-cell lines pretreated with 0.1 pg/ml 10103 CpG-ODN. RPMI cells were
pretreated for three days with the 0.1pg/ml 10103 CpG-ODN, before their
subsequent activation with 3pg/ml 10103 CpG-ODN for 36 hours. Table 4.3
illustrates the effect of 0.1 pg/ml 10103 CpG-ODN pretreatment on the release of
IL-6, IL-10 and TNF-a before and after the subsequent activation on RPMI cell

lines.
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V/CIIS L ime CpG-ODN Cytokine release {pg/ml)

(pg/ml) IL-6 IL-10 TNF-a
0 0.84£0.00 19.84£1.025  1.76+0.76
Control 3 1.3540.52  21.104221  39.02+4.46*
RPMI
Three da 0.1 0.56£0.28 13.38£0.348  0.34+0.17
y 3 0.8440.00 39.80+1.88%* 154.8+21.35*

Table 4.3. CpG-ODN mediated induction of IL-6, IL-10 and TNF-a cytokines on RPMI cell line. Cells
(1x10 5cells/200pl/well) were pretreated with medium alone or with 0.1 pg/ml 10103 CpG-ODN for
three days before their subsequent activation with 3pg/ml 10103 CpG-ODN for 36 hours and
supernatants were collected to determine the cytokine production. Cytokine release in cell supernatants
was assayed using Beadlyte® Human Multi-cytokine Beadmaster™ Kit (Milipore, UK). Data represent
the mean concentration pg/ml £ S.E.M oftriplicates. This experiment was done only once. * P<0.05, **

P<0.005 (compared to its non-activated cells).

Table 4.3 indicates that the control group of untreated RPMI cell line showed a
significant release of TNF-a after CpG-ODN activation, and this response was
enhanced in 0.1 pg/ml CpG-ODN pretreated cells after activation. IL-6 and IL-10
were not released in activated control RPMI cells, but 0.1pg/ml CpG-ODN
pretreated RPMI cells enhanced IL-10 release after the subsequent CpG-ODN
activation. 0.1pg/ml 10103 CpG-ODN did not enhance basal cytokine release in

RPMI after three days, indicating that it is a non-activating dose.

B) Effect on CpG-ODN mediated surface marker upregulation and cellular

proliferation:

RPMI tumour B-cell line pretreated with medium alone showed an upregulation in
the adhesion molecule CD54, costimulatory molecules CD80 and CD86 and MHC
I expression. RPMI cells were cultured for up to four weeks with 0.1 pg/ml of
10103 CpG-ODN, to study its effect on the upregulation of the surface markers
after their subsequent treatment with an activating dose of CpG-ODN. Cells were
studied for a short term effect (less than a week) and a long term effect (one to four
weeks) and 0.1 pg/ml of 10103 CpG-ODN had no effect on basal surface markers
expression by the RPMI cells over this time period.

Figure 4.4 illustrates the changes in the expression of the adhesion molecule
CD54, costimulatory molecules CD80 and CD86, and MHC II in medium (control)

and 0.1pg/ml 10103 CpG-ODN pretreated RPMI cells before and after their
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activation with 3pg/ml 10103 CpG-ODN. The short term response (less than one
week) was not clearly inhibiting the expression of the four surface markers.
However, RPMI cells showed a clear inhibition on the upregulation of the surface
markers in the long term response compared to control cells. At two and three
weeks, CD54 and CD86 upregulation was inhibited after pretreatment with
0.1pg/ml 10103 CpG-ODN, whereas CD80 and MHC II expression in the

activated cells, were only inhibited after one week of pretreatment.

RPMI 8662 Multiple M yloma with non activating do»« up to four weeks
o CD5J PE
= CD80 FITC
o CD86 PE
a CLASS II FITC

Resting Active OMDAY THREE DAYS ONIWTEK TWO WEEKS FOITS WEEKS

RPMI1 8662 Control Activated RPM 1 8662 cells after low doses of 10103 CpG-ODN

Figure 4.4. The effect of O.lpg/ml 10103 CpG-ODN on the expression of the adhesion molecule
CD54, costimulatory molecules CD80 and CD86, and MHC II expression on Multiple Myeloma
RPMI cells pretreated with 0.1pg/ml 10103 CpG-ODN for up to four weeks, followed by a
subsequent activation with 3pg/ml 10103 CpG-ODN for three days. Control Multiple Myeloma RPMI
cells were left not treated (medium alone) before their three days of activation with 3pg/ml 10103
CpG-ODN. Data represents fold induction of MFI from unstimulated control. This experiment was

repeated in two independent times.

To determine the effect of 0.1 pg/ml 10103 CpG-ODN on the ability of multiple
myeloma RPMI cell line to proliferate, cells were left in 0.1 pg/ml 10103 CpG-
ODN to study its short term effect (one and three days) and long term effect (one
and two weeks), before their subsequent activation with 3pg/ml 10103 CpG-ODN
for another three days. Control RPMI cells were pretreated with medium alone
before their activation with 3pg/ml 10103 CpG-ODN, and cells showed a
significant increase in cellular proliferation. 0.1pg/ml 10103 CpG-ODN did not
show an activating response at any of the indicated times, indicating that it is a
non-activating dose. From Figure 4.5, the short term effect of 0.1pg/ml 10103
CpG-ODN for one and three days was to inhibit the subsequent CpG-ODN
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induced cellular proliferation. In the long term effect, the one week pretreated cells
were partially inhibited, whereas it did not inhibit the subsequent CpG-ODN

induced cellular proliferation after two weeks of pretreatment.

Effects of non-activating dose of 10103 CpG-ODN in RPMI cellular proliferation
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Figure 4.5. Fold changes in the effect 0£ 0.1 pg/ml 10103 CpG-ODN on multiple myeloma RPMI cells
induced cellular proliferation. RPMI cell line was pretreated with 0.1pg/ml 10103 CpG-ODN for up
to two weeks followed by a subsequent activating dose 3pg/ml 10103 CpG-ODN. Control multiple
myeloma RPMI cells were left untreated (medium alone) before their activation for three days.
Resting or non-activating dose: blue bar, three days activated cells: purple bars. Basal count in resting
cells is (43730 = 1833 cpm), and it did not change over the time. Data represent the mean fold
induction, from unstimulated control, in 3H-Thymidine incorporation = S.E.M of triplicates. This

experiment was repeated in two independent times.

43.13 CpG-ODN mediated response on ex vivo cells pretreated with
O.lpg/ml of 10103 CpG-ODN:

Normal PBMCs and B-CLL cells were used as ex vivo cells, to determine their
response towards CpG-ODN sensitivity. Cells were pretreated with a low dose of
0.1pg/ml 10103 CpG-ODN for one and three days, and then tested for their CpG-
ODN mediated response upon the subsequent activation with 3pg/ml 10103 CpG-
ODN.

1. Effect on ex vivo normal PBMCs:

Normal PBMCs were studied as a normal B-lymphocyte control, and cells were
pretreated with 0.1pg/ml 10103 CpG-ODN for 24 hours and 72 hours before their
activation with 3pg/ml 10103 CpG-ODN. Cells were studied for their response
towards the downstream signalling NF-KB activation and cytokine release, in

addition to upregulating surface markers and cellular proliferation.
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A) Effect on CpG-ODN mediated downstream signalling:

Table 4.4 illustrates the effect of 0.1pug/ml CpG-ODN pretreatment of PBMCs on
the activation of the transcription factor NF-xB in response to 3pg/ml CpG-ODN.

Control cells showed a significant increase in NF-xB activity, and 0.1pg/ml CpG-

ODN was found to be a non-activating dose in that it did not significantly increase

the basal activation level of NF-xB. PBMCs ex vivo cells pretreated with the low
dose (0.1pug/ml) of CpG-ODN for one or three days dramatically inhibited NF-xB

activation to a subsequent activating dose (3ug/ml). A negative control of PBMCs

ex vivo cells left untransfected with 3xNF«xB construct as control for the luciferase

assay showed no significant activity (data not shown).

NFxB

0.1pg/ml 10103 CpG-ODN

activa ﬁon Control cells

Day Zero 119.7+16.74 155+11.53

Three days
148.7+12.66

PBMCs Day Three

(3pg/ml CpG)

|414.7:i:34.82**| 152+14.11 |

176.7£12.9

Table 4.5. NF-kB activation in PBMCs pretreated with 0.1pug/ml 10103 CpG-ODN for one day or
three days, followed by a subsequent activating dose of 3pug/ml 10103 CpG-ODN. Control PBMCs

cells were left untreated (medium alone) before their activation for three days. Data represent the

mean luciferase activity RLU £ S.E.M of triplicates. This experiment was repeated in two

independent times. ** P<0.005 (compared to control unactivated cells).

To determine the effect of 0.1ug/ml 10103 CpG-ODN pretreatment on the ability
of PBMCs to release cytokines, cells were left with CpG-ODN for one or three

days before their subsequent activation with 3ug/ml CpG-ODN for 36 hours.

‘

Cells Time | CPG-ODN Cytokine release (pg/ml)
(pg/ml) IL-6 IL-10 TNF-a.
Control 0 5.527+0.42 1.125+0.13 | 2.602+0.54
3 802.8+21.95%** | 117.2+6.9** | 7.836+0.00*
0.1 16.72+0.00 2.840+0.38 | 2.602+0.54
PBMCs | One day 3 806.5£55.35%% | 132.5+4.9%* | 9.304+1.47*
Three 0.1 168.6+14.83 28.96+1.98 | 159.3+17.07
days 3 976.4+33.69*** | 62.83+4.73* | 20.23+1.66*

Table 4.4. CpG-ODN mediated induction of IL-6, IL-10 and TNF-a cytokines on ex-vivo PBMCs.
Cells (1x10°cells/200ul/well) were pretreated with medium alone or with 0.1pg/ml 10103 CpG-ODN
for one or three days before their subsequent activation with 3pug/ml 10103 CpG-ODN for 36 hours,

and supernatants were collected to determine the cytokine production. Cytokine release in cell

supernatants was assayed using Beadlyte® Human Multi-cytokine Beadmaster™ Kit (Milipore, UK).

Data represent the mean concentration pg/ml = S.E.M of triplicates. This experiment was done only
once. * P<0.05, ** P<0.005, *** P<0.001 (compared to its non-activated cells).
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As Table 4.4 illustrates, the control group of PBMCs showed a highly significant
release of [L-6 and IL-10, with less but still significant release of TNF-a following
activation with 3pg/ml CpG-ODN. O.lpg/ml 10103 CpG-ODN induced cytokine
release on its own, mostly on day three, indicating that it is an activating dose for
these cells. Furthermore, it inhibited the subsequent TNF-a cytokine response to

3pg/ml CpG-ODN, and possibly for IL-10 release, on day three.

B) Effect on CpG-ODN mediated surface marker upregulation and cellular
proliferation:

Control PBMCs (medium alone) activated with 3pg/ml 10103 CpG-ODN showed
a significant upregulation of the adhesion molecule CD54 and costimulatory
molecule CD86, and to a lesser extent of CD80 and MHC II expression. O.lpg/ml
of 10103 CpG-ODN pretreatment for one or three days did not significantly
increase the basal expression level of those molecules, indicating that it is a non-
activating dose.

12

Normal PBMCs with low dose of 10103 CpG for three days = CD54PE
m CD80 FITC
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PBM Cs Control Activated PBM Cs after low doses of 10103 CpG-ODN

Figure 4.6. Adhesion molecule CD54 (purple bar), costimulatory molecules CD80 (red bar), CD86
(cream bar), and MHC II (blue bar) expression on PBMCs pretreated with the non-activating dose of
O.lpg/ml 10103 CpG-ODN for one day or three days, followed by a subsequent activating dose of
3pg/ml 10103 CpG-ODN for further 3 days. Control PBMCs were left not treated (resting) before
their activation for three days. Data represent the fold induction from unstimulated control of MFI +

S.E.M oftriplicates. This experiment was repeated in two independent times.

Figure 4.6 shows a substantial decrease in the upregulation of the surface markers
(except for CD80) on PBMCs pretreated with O.lpg/ml 10103 CpG-ODN in
response to the subsequent 3pg/ml CpG-ODN stimulation. This inhibitory effect
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induced by 0.1pg/ml of 10103 CpG-ODN pretreatment was time-dependent.
PBMCs pretreated with CpG-ODN for three days showed a reduction in the
expression levels of all the surface markers after the subsequent CpG-ODN
challenge compared with the control cells, with partial inhibition seen in cells
pretreated with 0.1pg/ml of 10103 CpG-ODN for one day.

To determine the effect of pretreatment with 0.1pg/ml 10103 CpG-ODN on the
ability of PBMCs to proliferate, cells were left with the 0.1ug/ml 10103 CpG-ODN
for one or three days before their subsequent activation with 3pug/ml 10103 CpG-
ODN for three days. Table 4.5 illustrates the effect of 0.1ug/ml 10103 CpG-ODN
on the subsequent CpG-ODN activation in inducing cellular proliferation. Control
PBMCs were pretreated with medium alone before their activation with 3pg/ml
10103 CpG-ODN, and cells showed a highly significant induction in their cellular
proliferation. The basal cellular proliferation level was significantly increased after
one and three days of 0.1ug/ml 10103 CpG-ODN pretreatment, indicating that
0.1pg/ml of 10103 CpG-ODN was an activating dose for cellular proliferation, and

also showed a further significant increase in cellular proliferation after the

subsequent treatment with 3pg/ml of 10103 CpG-ODN (Table 4.5).

0.1 pg{ml 10103 CpG-ODN
One da Three days

2480+500

Uhtreated cells

579+93.95 10484+749.6

Day Three § 509294643+

%k ok
(3pg/ml CpG) 21532+1439

18649+484.5**

Table 4.5. CpG-ODN induced cellular proliferation of ex vivo PBMCs pretreated with 0.1pug/ml
10103 CpG-ODN for one day or three days, followed by a subsequent activating dose of 3pug/ml
10103 CpG-ODN then incorporated with [methyl-’H] thymidine. Control PBMCs were left

untreated before their activation for three days. Data represent the mean *H-Thymidine

incorporation (cpm) = S.E.M of triplicates. This experiment was repeated in two independent

times. ** P<0.005, *** P<0.001 (compared to its non-activated cells).

2. Effect on ex vivo B-CLL cells:

B-CLL cells were pretreated with 0.1pug/ml 10103 CpG-ODN for one or three days
before their activation with 3ug/ml 10103 CpG-ODN. Cells were studied for their
response towards the downstream signalling NF-xB activation and cytokine

release, in addition to upregulating surface markers and cellular proliferation.
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A) Effect on CpG-ODN mediated downstream signalling:

Table 4.6 illustrates the effect of 0.1ug/ml 10103 CpG-ODN pretreatment of B-
CLL cells on the activation of the transcription factor NF-xB. Control cells showed
a significant increase in NF-kB activity, while B-CLL cells pretreated with
0.1ug/ml 10103 CpG-ODN for one or three days did not show any activation in the
transcription factor NF-xkB after the subsequent 3ug/ml 10103 CpG-ODN
activation. The basal activity of NF-kB in the pretreated B-CLL cells did not
change after one day or three days of pretreatment with 0.1pug/ml 10103 CpG-
ODN, indicating that it is a non-activating dose for B-CLL cells. A negative
control of B-CLL cells left untransfected with 3xXNFxB construct were used as a

control for the luciferase assay (data not shown).

activation Time Control cells Three days
. Day Zero 122.7£19.50 123.7+5.686 183+12.53
B-CLL. Day Three
%%
l Gue/ml CoG) 789.7+45.45 l 193.7+52.01 212.7+4.726

Table 4.6. NF-kB activation in B-CLL pretreated with 0.1pug/ml 10103 CpG-ODN for one day or
three days followed by a subsequent activating dose of 3pg/ml 10103 CpG-ODN. Control B-CLL
cells were left untreated (medium alone) before their activation with 3pg/ml 10103 CpG-ODN for
three days. Data represent the mean luciferase activity RLU + S.E.M of triplicates. This experiment

was repeated in two independent times. ** P<0.005 (compared to its non-activated cells).

To determine the effect of pretreatment with 0.1ug/ml 10103 CpG-ODN on the
ability of B-CLL cells to release cytokines, the ex vivo cells were left with the
0.1pg/ml 10103 CpG-ODN for one or three days before their subsequent activation
with 3ug/ml 10103 CpG-ODN for 36 hours.

Table 4.7 indicates that the control group of untreated B-CLLs showed a highly
significant release of IL-6 and IL-10, with significant induction of TNF-o.
0.1pg/ml 10103 CpG-ODN was found to be a non-activating dose for IL-6, IL-10
and TNF-a in B-CLL cells when left for one or three days before their activation
with 3pug/ml 10103 CpG-ODN. On the other hand, 0.1pg/ml 10103 CpG-ODN
induced a partial inhibition of IL-6 and marked inhibition of IL-10 release in
pretreated B-CLL cells subsequently exposed to 3ug/ml 10103 CpG-ODN while
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TNF-a release was enhanced with the subsequent challenge with CpG-ODN after
three days pretreatment with low dose CpG-ODN, compared with the responses of
control cells (Table 4.7).

celts AR CpG-ODN Cytokine release (pg/ml)
(pg/ml) IL-6 IL-10 TNF-a
Control 0 19.60+0.96 0.089+0.050 0.51+0.003
ontro 3 873.7+63.42%*%  676.1£21.25%** 30.89+6.031*
One d 0.1 24.73+1.94 0.23+0.029 1.40+0.89
B-CLL ne day 3 325.2425.09%%  246.348.520%*  10.18+1.29%
Three 0.1 24.37+1.1 0.90+0.055 14.48+3.33
days 3 540.8+£18.49%%%  44.87+2.973*  233.8+18.79%

Table 4.7. CpG-ODN mediated induction of IL-6, IL-10 and TNF-a on ex-vivo B-CLL. Cells
(1x10 ells/200pl/well) were pretreated with medium alone or with O.lpg/ml 10103 CpG-ODN for
one or three days before their subsequent activation with 3pg/ml 10103 CpG-ODN for 36 hours,
and supernatants were collected to determine the cytokine production. Cytokine release in cell
supernatants was assayed using Beadlyte® Human Multi-cytokine Beadmaster™ Kit (Milipore,
UK). Data represent the mean concentration pg/ml + S.E.M of triplicates. This experiment was

done only once. * P<0.05, ** P<0.005, *** P<(0.001 (compared to its non-activated cells).

B) Effect on CpG-ODN mediated surface marker upregulation and cellular
proliferation:

Figure 4.7 illustrates the changes in median fluorescence intensities for the
expression of the surface markers on the control, one and three days pretreated B-
CLL ex vivo cells. Control B-CLL cells (medium alone) showed an upregulation in
the adhesion molecule CD54, costimulatory molecules CD80 and CD86 and MHC
IT surface markers. O.lpg/ml of 10103 CpG-ODN pretreatment for one and three
days did not clearly increase the basal expression level of those molecules
whereas, after the subsequent activating dose of CpG-ODN, CD54 upregulation
was reduced tolerising one and three days pretreatment, while CD86 expression
was enhanced after one day. B-CLL cells treated with O.lpg/ml 10103 CpG-ODN
for three days, however, showed a decrease in the expression of CD80, CD86 and

MHC II after the subsequent activation.
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B-CLL with low CpG-ODN dose for up to three days
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Figure 4.7. Adhesion molecule CD54 (purple bar), costimulatory molecules CD80 (red bar),
CD86 (cream bar) and MHC 1I (blue bar) expression on B-CLL pretreated with O.lpg/ml 10103
CpG-ODN for one day or three days, followed by a subsequent activating dose of 3pg/ml 10103
CpG-ODN for three days. Control B-CLL was left untreated (medium alone) before their
activation for three days. Data represent the fold induction from unstimulated control of MFIL.

This experiment was done only once.

To determine the effect of pretreatment with O.lpg/ml 10103 CpG-ODN on the
ability of ex vivo B-CLL to proliferate, cells were left with the O.lpg/ml 10103
CpG-ODN for one or three days before their subsequent activation with 3pg/ml
10103 CpG-ODN for three days. The effect of O.lpg/ml 10103 CpG-ODN for
one and three days on the subsequent CpG-ODN activation in inducing cellular
proliferation is presented in Table 4.8. O.lpg/ml CpG-ODN enhanced cellular
proliferation in pretreated cells before and after 3pg/ml CpG-ODN activation,
suggesting that O.lpg/ml is an activating dose. Control B-CLL cells were
pretreated with medium alone before their activation with 3pg/ml 10103 CpG-
ODN, and showed a highly significant increase in their cellular proliferation.
O.lpg/ml CpG-ODN pretreatment for three days showed a partial inhibition of
the cellular proliferation to subsequent activating dose of CpG-ODN. The effect
of pretreatment with O.lpg/ml CpG-ODN on B-CLL cells shows a dose

dependent increase in cellular proliferation, indicating (suboptimal) activation.
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O.lpg/ml 10103 CpG-ODN
One day Three days

Day Zero 39+£2.65 278+21 393.3+13.28

Proliferation Time Control cells

B-CLL

Day Three x
(3pg/ml CpG) 2597+116***  2055+152 1376+145.5%

Table 4.8. CpG-ODN induced cellular proliferation of ex vivo B-CLLs pretreated with O.lpg/ml
10103 CpG-ODN for one day or three days followed by a subsequent activating dose of 3pg/ml
10103 CpG-ODN then incorporated with [methyl-3H] thymidine. Control B-CLLs were left
untreated before their activation for three days. Data represent the mean 3H-Thymidine
incorporation = S.E.M of triplicates. This experiment was repeated in two independent times. *

P<0.05, ** PcO.005, *** PO.OOI (compared to its non-activated cells).

43.2 Time-dependent response of CpG-ODN to re-activate O.lpg/ml 10103
CpG-ODN pretreated BJAB Burkitt’s lymphoma tumour B-cells.

The different O.lpg/ml 10103 CpG-ODN pre-treated B-cells tested showed variable
hyporesponsiveness to the CpG-ODN challenges with respect to different parameters
of CpG-ODN mediated responses. NF-KB activation was one of those parameters that
was clearly inhibited when the cells were pretreated with O.lpg/ml CpG-ODN. For
that, I further investigated whether the suppressed NF-KB activation in BJAB cells
pre-exposed to CpG-ODN would remain hyporesponsive ifthe cells were exposed to a
low dose of CpG-ODN for a limited time (one day or three days), washed and then
retained in medium in absence of CpG-ODN before subsequently stimulating them

with CpG-ODN.

Figure 4.8 illustrates the changes in the CpG-ODN mediated NF-KB activation in
BJAB cells after being left for one day or three days with O.lpg/ml 10103 CpG-ODN
before washing the cells, and the time required for the cells to become responsive
again. Control cells showed a significant NF-KB activation after CpG-ODN
stimulation. BJAB cells pretreated for one day before activation with 3pg/ml 10103
CpG-ODN showed a significant inhibition in NF-KB activity. BJAB cells pretreated
for one day and then washed to get rid of CpG-ODN and kept in fresh medium for one
further day before activating them with 3pg/ml 10103 CpG-ODN, however, mediated
significant NF-KB activation, but not to the same extent as the control cells, indicating

that cells rapidly became responsive to a subsequent activity dose of CpG-ODN.
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The above observations indicate that one day of pretreatment was not enough to keep
BJAB cells hyporesponsive to the subsequent activating dose of CpG-ODN. Cells
were therefore left for three days with the non-activating dose before washings to
determine the duration of hyporesponsiveness to the subsequent CpG-ODN
stimulation. From Figure 4.8, three days of pretreatment induced a hyporesponsive
state towards the CpG-ODN mediated NF-«B activation, which lasted up to two weeks
after removal of the cells from exposure to CpG-ODN. This indicates that in BJAB
cell line, the non-activating dose (O.lpg/ml 10103 CpG-ODN) can affect cell

responsiveness even after removing it for more than one week.

*0.0055 Time dependent effect of the non-activating dose
1.6- 0f 10103 CpG-ODN on NF-kB activation in BJAB Burkitt's lymphoma cells
1.5
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Control BJAB ONE DAY ONE DAY Three days Three days Three days Three days

WASHED
WASHED for ONE DAY THREE DAYS ONE WEEK TW O WEEKS

Figure 4.8. Fold changes in the NF-KB activity for control cells (medium alone), one day (O.lpg/ml
10103 CpG-ODN) pretreated cells, and one day of pretreatment before cells were washed and left for
another day in fresh medium. In addition, another set of cells pretreated with O.lpg/ml 10103 CpG-
ODN for three days then washed and left for three days, one or two weeks in fresh medium. NF-kB
activity was determined before and after their subsequent activation with 3pg/ml 10103 CpG-ODN
for 18 hours. Resting or non-activating dose: blue bar, 18 hours activated cells: purple bars. Basal
activity in resting cells is (651+27.9 RLU/s), and it did not change over the time. Data represent the
mean fold induction, from unstimulated control, in luciferase activity RLU+ S.E.M oftriplicates. This

experiment was done only once.
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4.4 Discussion:

In recent years, a lot of effort has been made to uncover the mechanism of CpG DNA
mediated innate cell activation, and its beneficial effects and therapeutic uses. However,
we still need to understand the mechanisms where by the CpG-ODN mediated response
can be regulated and how the immune system would respond towards that. It has
previously been demonstrated that LPS pretreatment significantly suppresses the NF-xB
activation, and IL-6, IL-10, IL-12, and TNF-a production in response to CpG DNA or
LPS stimulation in murine macrophage-like cell RAW264.7 pretreated with CpG DNA
(Yeo SJ 2003; Hatao F et al., 2004; Dalpke AH et al., 2005; Wei L et al., 2006; Broad A
et al., 2007), however, Crabtree TD and colleagues (2001) indicated that this response
depends on the length of pre-exposure time. Very recently, Kim YI and colleagues
(2008) reported that CpG-DNA pretreatment resulted in the hyporesponsiveness of
murine macrophages by suppressing the activation of MAPKs and NF-«B and
production of TNF-a in response to CpG-ODN challenges.

Exposure of TLR9Y positive normal and tumour B-cells to the activating dose of 10103
CpG-ODN induces activation of the downstream signalling transcription factor NF-xB,
cytokine release, upregulation of surface markers, and cellular proliferation, as indicated
in the previous chapter. However, it is yet to be understood whether and how prior
exposure to low doses of CpG-ODN induces hyporesponsiveness to subsequent
challenge with CpG-ODN in normal and malignant B-cells, as indicated with CpG-ODN
or LPS studies in murine macrophages (Crabtree TD et al., 2001; Yeo SJ 2003; Hatao F
etal.,2004; Wei L et al., 2006; Kim YI et al., 2008).

In the present study, I have used Burkitt’s lymphoma BJAB cell line as the main model
of this study, and investigated whether CpG-ODN has the ability to induce a refractory
state in B-lymphocytes to a subsequent activating dose of CpG-ODN. Different ex vivo
B-cells and tumour B-cell lines were studied as supporting models to determine whether
CpG-ODN mediated responses are altered in ex vivo cells and cell lines pre-exposed to
low doses of CpG-ODN. In addition, I investigated the time needed for BIAB B-cells to
regain their responsiveness after pretreatment with the low doses of CpG-ODN. Tumour
B-cell lines (BJAB and RPMI) that can grow continuously in tissue culture were used in

this study for longer duration, up to four weeks, to determine the duration of the
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tolerising effect. RPMI cells regained some its responses within four weeks, whereas

BJAB cells regained responsiveness within three weeks.

Burkitt’s lymphoma BJAB B-lymphocytes express TLR9 and respond to CpG-ODN
activation. It was therefore considered a good model to study the effect of low doses of
CpG-ODN pretreatment on the subsequent CpG-ODN activation, and its ability to
maintain the cells refractory to CpG-ODN challenges. BJAB cells were studied for their
downstream signalling (NF-xB) and extracellular CpG-ODN mediated responses
(cytokine release, surface marker upregulation and cellular proliferation) following
treatment with low doses of CpG-ODN before their activation with optimal doses of
CpG-ODN. To determine the extent of this effect, it has been also tested on ex vivo B-
cells (PBMCs and B-CLL) and the tumour multiple myeloma cell line (RPMI).

0.1pg/ml 10103 CpG-ODN was a non-activating dose for all of the studied CpG-ODN
mediated responses in BJAB and RPMI tumour B-cell lines and for some responses in
ex vivo PBMCs and B-CLL cells, but inhibition levels vary depending on responses and
periods of pretreatment.

In BJAB cells, the non-activating dose (0.1pg/ml) did induce some refractory status for
IL-6 release, but not for IL-10. TNF-a release after activating the pretreated cells was
relatively less than that in the activated control cells. This attenuation of responsiveness
was also induced in the activation of the transcription factor NF-xB, and cells showed an
inhibition in CpG-ODN mediated NF-xB activation after pretreatment with low dose
CpG-ODN. These observations suggest that IL-6 production might be dependent on NF-
kB activation, whilst IL-10 and TNF-a production are independent. 0.1pg/ml 10103
CpG-ODN, also, induced a refractory state in BJAB cells that attenuated the
upregulation of CD86 surface marker after a week of pretreatment which was
maintained for another two weeks. As a result, CpG-ODN mediated CD86 upregulation
is CpG-ODN long-term dose dependent. In contrast, MHC II upregulation showed the
least induction after three days of pretreatment, which gradually returned to show an
activation level after three weeks of pretreatment. This indicates that attenuation of
CpG-ODN mediated MHC II upregulation is a short term effect. In contrast, CD54
upregulation showed the most inhibitory effect after two weeks of 0.1pg/ml CpG-ODN
pretreatment and returned to its control level after three weeks of pretreatment followed
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by 3pg/ml CpG-ODN activation. Finally, three weeks of non-activating doses of 10103
CpG-ODN were sufficient to keep the BJAB cells hyporesponsive in regard to the
cellular proliferation and NF-xB activation in response to subsequent CpG DNA
challenge.

In conclusion, pretreatment with the non-activating dose induced a time-dependent
refractory state for NF-kB activation, cellular proliferation and CD54, CD86 and MHC
IT surface marker upregulation following CpG-ODN challenge in BJAB cells. With
regard to cytokine release, IL-10 was CpG-ODN pretreatment-independent, while IL-6
release was attenuated by CpG-ODN pretreatment, and TNF-o release was partially
decreased. This would demonstrate that BJAB pretreated with 0.1pg/ml 10103 CpG-
ODN induces suppressive responses to subsequent stimulation with CpG DNA. These
results are consistent with studies done on murine macrophages RAW264.7 cells pre-
exposed to CpG-ODN before their subsequent LPS challenge. They have shown that
pre-exposure to CpG-ODN elicited IL-10 production, reduced TNF-o release and
inhibited the activation of NF-kB (Crabtree TD et al., 2001; Yeo SJ 2003; Hatao F et al.,
2004; Wei L et al., 2006; Broad A et al., 2007; Kim YI et al., 2008).

CpG-ODN mediated downstream NF-kB signalling in RPMI cells, showed a short term
refractory state in cells left for less than a week in 0.1pg/ml 10103 CpG-ODN, but it
gained responsiveness to CpG-ODN challenge after one week. This indicates that NF-
kB tolerance in RPMI cells is a short term (less than a week) response. Control RPMI
cells responded to CpG-ODN activation by releasing TNF-a, but not IL-6 or IL-10.
Pretreatment with 0.1pg/ml 10103 CpG-ODN did not induce a refractory state in RPMI
cells for CpG-ODN mediated TNF-o release, but it enhanced its activity. It also
activated IL-10 release with no effect on IL-6. This is relatively consistent with Crabtree
TD et al., (2001) and Dalpke AH et al., (2005) results where they showed that CpG-
DNA pretreatment enhanced TNF-a release to subsequent LPS challenge in murine
macrophage-like cell RAW264.7.

CpG-ODN mediated surface marker upregulation in RPMI cell line for CD54, CD80,
and MHC II expression and to a lesser extent for CD86 expression. 0.1ug/ml 10103
CpG-ODN did not induce a refractory state in the short term effect (less than a week)

and cells were responsive to the subsequent CpG activation by upregulating surface

165



markers to almost the same level as in control cells in response to CpG-ODN activation.
Whereas for longer periods, they showed a hyporesponsiveness to the subsequent CpG
activation in all tested surface markers, but this effect was variable depending on the
surface marker and time. One week in 0.1pg/ml 10103 CpG-ODN induced a complete
refractory state for the upregulation of CD80, CD86 and MHCII, while it reduced CD54
upregulation compared with the non-activated control cells. In contrast, two and four
weeks in 0.1pg/ml 10103 CpG-ODN induced a complete refractory state in CD54
upregulation, so inhibition of CD54 expression is a time-dependent response and
requires longer exposure time to affect its expression. CD80 and MHC II upregulation
was completely inhibited in activated RPMI cell line after a week in 0.1pg/ml 10103
CpG-ODN, but this effect was transient, and cells showed a significant activation after
two and four weeks in 0.1pg/ml CpG suggesting that cells were able to regain its
responsiveness and upregulate CD80 and MHC 1I in a short period.

RPMI cells pretreated with 0.1ug/ml 10103 CpG-ODN showed a refractory status in less
than a week in CpG-ODN induced cellular proliferation, but it retained its
responsiveness afterward, suggesting that RPMI response to the low doses of CpG-ODN
is time dependent. The same time dependent effect was noticed for CpG-ODN mediated
NF-kB activation in RPMI cells. Cells went into the refractory state in less than a week,
but regained their activity gradually afterward. As a conclusion, CpG-ODN mediated
cellular proliferation and NF-xB activation are time dependent and transient in RPMI
cells pretreated with 0.1pg/ml 10103 CpG-ODN. Furthermore, cellular proliferation is
NF-kB-dependent, consistent with Lin A et al., (2003) and Shishodia S et al., (2005)
findings. This demonstrates that, RPMI tumour B-cell line pretreated with 0.1pg/ml
10103 CpG-ODN induces transient suppressive responses in NF-kB activation, surface
marker upregulation and cellular proliferation, to subsequent stimulation with CpG-
ODN. These results are consistent with Crabtree TD and colleagues (2001) who
indicated that CpG-ODN responsiveness depends on the length of pre-exposure time to
CpG-ODN.

Comparing BJAB Burkitt’s lymphoma cell line with RPMI multiple myeloma cell line,
0.1pug/ml 10103 CpG-ODN induced a refractory state in NF-kB activation and cellular
proliferation in both cell lines, but it was transient and time dependent in RPMI cells. In

addition to that, low doses of CpG-ODN did not induce a hyporesponsiveness state for
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all tested cytokines in both cell lines, with inhibition of IL-6 and TNF-o in BJAB cells,
but enhanced IL-10 and TNF-a release in RPMI cells. Finally, both cell lines pretreated
with 0.1pg/ml 10103 CpG-ODN showed partial tolerance on the long term period for the
upregulation of surface markers, but in BJAB cells showed a transient response,
suggesting that this response is cell line specific, dose and time dependent, consistent
with Crabtree TD et al., (2001) and Wei L ef al., (2006) publications.

To study the tolerising effect of 0.1ug/ml 10103 CpG-ODN on ex vivo cells, normal
PBMCs and B-CLL cells were studied. Ex vivo PBMCs and B-CLL B-cells were tested
only for a short term effect (24 and 72 hours), as they can not grow for long times in
tissue culture. Normal ex vivo PBMCs control cells responded to CpG-ODN activation
(3ug/ml) by activating NF-kB, releasing IL-6, IL-10 and TNF-a cytokines, upregulating
surface markers (mostly CD54 and CD86) and enhancing cellular proliferation.
0.1pg/ml 10103 CpG-ODN was a non-activating dose for some responses, such as NF-
kB activation, but it showed an activation response in cellular proliferation before and
after the subsequent CpG-ODN challenges. Pretreatment of PBMCs with 0.1pg/ml
10103 CpG-ODN for one and three days showed a complete inhibition in NF-xB
activation while no clear tolerance on cellular proliferation and cytokine release in
response to subsequent CpG-ODN activation, but it induced an apparent reduction in
CD54 and CD86 expression after three days. Some of these results were consistent with
publications in CpG-ODN or LPS pretreated murine macrophages, showing an
inhibition in NF-kB activation in response to subsequent CpG-ODN or LPS challenges
(Crabtree TD et al., 2001; Yeo SJ et al., 2003; Hatao F et al., 2004; Dalpke AH et al.,
2005).

Ex vivo B-CLL cells responded to 3ug/ml CpG-ODN activation by activating NF-xB,
releasing IL-6, IL-10 and TNF-a cytokines, upregulating surface markers (mostly CD54
and MHC II) and enhancing cellular proliferation. 0.1pg/ml 10103 CpG-ODN was a
non-activating dose for some responses, such as NF-kB activation, but it showed an
activation response in cellular proliferation before and after the subsequent CpG-ODN
challenges. Pretreatment of B-CLL cells with 0.1pg/ml 10103 CpG-ODN for one and
three days, showed a tolerising effect in NF-xB activation and IL-10 release with partial
inhibition on cellular proliferation, surface markers upregulation (more in CD54 and

CD86 expression) and IL-6 release, but enhanced TNF-a release in response to CpG-
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ODN subsequent activation, especially three days of pretreatment, consistent with
publications showing that murine macrophage-like cell RAW264.7 pretreatment with
CpG-ODN resulted in enhancement of TNF-a release, suppression of IL-10 release and
inhibition of NF-kB activation to subsequent LPS or CpG-ODN challenges (Crabtree
TD et al., 2001; Yeo SJ et al., 2003; Hatao F et al., 2004; Dalpke AH et al., 2005).

In conclusion, pretreatment with 0.1pg/ml 10103 CpG-ODN induced a refractory state
in ex vivo cells (PBMCs and B-CLL), after three days, that rendered the cells
hyporesponsive to CpG-ODN mediated NF-kB activation, while no clear tolerising
effect on cellular proliferation, but a partial tolerising effect on IL-10 was seen in
PBMCs while it was strongly inhibited in B-CLL after the subsequent CpG-ODN
activation. On the other hand, CpG-ODN mediated TNF-a release was significantly
decreased after three days of pretreatment in PBMCs, whereas it was significantly
activated in B-CLL cells. This might explain the involvement of TNF-a cytokine in
tumour cells more than normal cells, although the study was done on one ex vivo tumour
cell, which might not be indicative to all ex vivo tumour cells. Finally, CD54 adhesion
molecule upregulation was clearly inhibited after the subsequent activation in PBMCs
and B-CLL cells pretreated for three days in 0.1ug/ml 10103 CpG-ODN. As a result, ex
vivo B-cells were almost responding in the same way with some exceptions which might
be related for being normal or tumour cells. These results are supported with Crabtree
TD et al., (2001) and Yeo et al., SJ (2003) publications, showing that CpG-ODN

hyporesponsiveness depends on the length of pre-exposure time.

Determining the tolerising effects of low doses of CpG-ODN in ex vivo B-cells was
helpful to a certain extent, in that it gave an idea about the responses in ex vivo normal
and tumour B-cells. However, the growth time limitations of these cells and sample size
limitations (one from each) could not make it a complete model for comparison with
BJAB or RPMI cell lines.

As Burkitt’s lymphoma BJAB cell line pretreated with 0.1pg/ml 10103 CpG-ODN
induced suppressive responses (such as in NF-xB and cellular proliferation) to
subsequent stimulation with CpG-ODN, I wanted to determine the time needed for
BJAB cells to regain its responsiveness after removing the low dose effect. In this part,
NF-xB activity was studied in BJAB cells pretreated with 0.1pg/ml 10103 CpG-ODN
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for one and three days before washing and maintaining them in fresh medium for up to a
further two weeks. One day of pretreatment was not enough to keep BJAB cells
hyporesponsive to the subsequent activating dose of CpG-ODN, while the suppressive
response to NF-kB activation was completely established in three days and lasted up to
two weeks after removal of the cells from exposure to CpG-ODN. This type of
hyporesponsiveness in BJAB B-cell line does not reflect a global deactivation of B-cell
function, but it might indicate that NF-xB activation was only partially deactivated for a
limited time in BJAB cells.

As a summary for this chapter, low doses of CpG-ODN can induce a tolerising effect on
TLR9 positive ex vivo cells (PBMCs and B-CLL) and tumour B-cell lines (BJAB and
RPMI) with respect to NF-kB activation and surface markers upregulation, when
pretreated with 0.1pg/ml 10103 CpG-ODN before their subsequent CpG-ODN
activation. Also, a variable effect on cytokine release was induced in the pretreated cells
after their activation, with inhibition of some cytokines (e.g. IL-6) in some cells (B-CLL
and BJAB), but not consistent for all cell lines tested. In addition, no clear effect on
cellular proliferation was induced in the pretreated cells after the subsequent activation.
The studied responses that were not activated with 0.1pg/ml CpG-ODN pretreatment,
such as NF-kB activation, showed a tolerance status towards the subsequent CpG-ODN
challenges, whilst the responses activated with 0.1pg/ml CpG-ODN, such as cellular
proliferation in ex vivo B-cells, did not. Finally washed and then 3pg/ml CpG-ODN
activated BJAB cell line, established a stable refractory state after three days of
pretreatment with 0.1ug/ml CpG-ODN that lasted at least one week before it regained its
responsiveness to NF-kB activation. This indicates that well-timed addition or deletion
of CpG-ODN low doses in BJAB cells, prior to their subsequent CpG-ODN activation,
might have enough effect to be useful as a new therapeutic modality in the treatment of

Burkitt’s lymphoma at least, but it might also be a time dependent effect.

Although there are no publications for the effect of CpG-ODN pretreatment on the
normal and tumour human B-cell’s responsiveness, and I was limited to a small group of
cells, only two tumour B-cell lines (BJAB and RPMI), one tumour ex vivo B-cells (B-
CLL) and normal PBMC:s, the results in this work were relatively consistent with other
publications on murine macrophages (Crabtree TD et al., 2001; Yeo SJ 2003; Hatao F et
al., 2004; Wei L et al., 2006; Kim YI et al., 2008). Wei and colleagues found that
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macrophage pretreatment with CpG-ODN would significantly inhibit NF-xB and
cellular proliferation (Wei L et al., 2006). NF-xB activation was found to be anti-
apoptotic so it would enhance cellular proliferation (Lin A et al., 2003; Shishodia S et
al., 2005). This activation prompts the synthesis of IkB and anti-apoptosis factors such
as IAP family (e.g.; survivin) (Lin A et al., 2003). NF-kB activation is also known to
stimulate TNF-o release which in turn stimulates innate immunity and induces cytokines
(van Horssen R et al., 2006). The results in this work were consistent with these facts.
Cell lines going into a refractory state inducing an inhibition in NF-kB activation also
induced relatively a hyporesponsive state towards CpG-ODN mediated cellular
proliferation for the same period of time. Also the response was mostly depending on
cell type and its differentiation. TNF-a release was affected in pretreated cells before
their subsequent CpG-ODN activation, enhanced in RPMI cell line and ex vivo B-CLL
while reduced in BJAB cell line and ex vivo PBMCs cells. Furthermore, the release of
IL-6, IL-10 and TNF-o showed some refractory responses in this study, which has been
seen in murine macrophages in previous studies (Crabtree TD et al., 2001; Yeo SJ 2003;
Hatao F et al., 2004; Dalpke AH et al., 2005; Wei L et al., 2006; Kim YI et al., 2008),
suggesting that cytokine release might be NF-kB—dependent. Finally, CpG-ODN-
induced hyporesponsiveness in pretreated cells is cell line specific, also, dose and time
dependent, which is consistent with Crabtree TD et al., (2001) and Wei L et al., (2006)
findings. As a conclusion, pretreatment with low doses of CpG-ODN suppresses at least
some responses to subsequent challenges, with the activating dose of CpG-ODN

rendering the tumour cells refractory to the effect of CpG-ODN.

Finally, the mechanisms underlying tolerance induction and cellular hyporesponsiveness
are expected to be due to altered conditions at several steps of signal transduction,
however, this is still incompletely known. Further studies are required to address the
mechanisms involved in CpG-ODN hyporesponsiveness in B-cells, and their cross-
tolerance with other TLR ligands, as previous studies were done on murine
macrophages. Yeo SJ and colleagues (2003) indicated that CpG-ODN mediated
tolerance of murine macrophages might be due to dysregulation of IRAK expression,
also Kim YI and colleagues (2008) recently reported that CpG-ODN pretreatment in
murine macrophages suppressed expression of IRAK-1, which was responsible for
hyporesponsiveness to CpG-ODN. On the other hand, Wei L et al., (2006) suggested
that macrophage pretreatment with CpG-ODN might lead to the suppression of a step(s)
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in the TLRY- signalling pathway, which is possibly through the reduction of intracellular
TLRY expression. However, it is crucial to understand the mechanisms that lead to this

tolerance in normal and tumour B-cells.

The effect of low CpG-ODN doses on the upregulation of surface markers after the
subsequent CpG-ODN activation has not been studied previously. Most of the reports
studying the hyporesponsiveness of cells were looking for the intracellular signalling
effect, but not surface marker upregulation. This study is considered to be the first to
determine the refractory state induced for the intracellular signalling, cytokine release,
surface marker upregulation and cellular proliferation in human tumour B-cells and
normal PBMCs pretreated with low CpG-ODN after their subsequent CpG-ODN

activation, and therefore presents novel findings.
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4.5 Conclusion:

The present study attempts to address questions of whether low doses of CpG DNA can
induce hyporesponsiveness in B-cells in response to the subsequent challenge with CpG
DNA and the duration of this response. In contrast to the ability of CpG DNA to induce
strong innate immune responses, this study has shown that B-cells previously exposed to
low doses of CpG DNA can induce a refractory state that leads to hyporesponsiveness
towards CpG-ODN mediated downstream signalling of NF-kB activation, cytokine
release, surface marker upregulation and/or cellular proliferation when subsequently
stimulated with CpG DNA. In summary, the present study demonstrates that normal and
tumour B-cells respond in a unique way to the subsequent CpG challenges after their
pretreatment with 0.1pg/ml 10103 CpG-ODN. Cells went through a hyporesponsiveness
state (e.g. in cytokine release and surface marker upregulation) after their exposure to
the low doses of CpG DNA, but in different times for different responses, and also
different cells responded in different ways as indicated in this study. This CpG DNA-
mediated refractory status in B-cells may, at least partially, involve desensitization of the
downstream signalling pathways by inhibiting of the transcription factor NF-xB

activation and thus cellular proliferation.

As a conclusion for this chapter, CpG-ODN pretreatment greatly attenuates the
activation of the transcription factor NF-xB, but the degree and length of suppression is
different for each cell line, and is also dependent on the time of the subsequent CpG-
ODN stimuli. Furthermore, NF-kB and TNF-a plays a critical role in CpG-ODN
mediated response. Finally, incorrect CpG-ODN dose could influence CpG-ODN

mediated responses, which in turn might affect tumour immunotherapy.

Finally, the understanding of the mechanisms involved in tolerance induction and
cellular hyporesponsiveness in those cells is still incomplete. Therefore, major
challenges remain to be elucidated to determine the underlying mechanisms involved in
the regulation of the hyporesponsiveness state towards the CpG-ODN mediated

responses in ex vivo B-cells and tumour B-cell lines.
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CHAPTER FIVE
Molecular Mechanisms of CpG-ODN/TLRY9
Mediated Responses

5.1 Introduction:

The molecular mechanism by which CpG-ODN mediates immune responses is still
under investigation. The CpG-ODN induced immune response in B-lymphocytes is
mediated via TLR9. Burkitt’s lymphoma BJAB cells are TLR9 positive B-cells which
showed a response to the CpG-ODN activation. In this study, I wanted to characterize
the molecular mechanism by which CpG-ODN activates TLR9 in BJAB cells. Nejad A
et al., (2002) indicated that upon the presence of CpG ODN, it will be endocytosed to
the endosome to be recognized by TLRY in the cell. TLR9 then will initiate a signalling
cascade by recruiting the myeloid differentiation factor 88 (MyD88), an adapter
molecule, through an interaction between Toll/IL-1 receptor (TIR) domains of both
molecules, which would initiate a signalling pathway that starts with the recruitment of
IL-1 receptor—associated kinases (IRAKs) and tumour necrosis factor-alpha receptor
associated factor 6 (TRAF6) (Wesche et al., 1997; Hacker H et al., 2000; Nejad A et al.,
2002).

The MyD88-mediated signalling pathway is essential for CpG-ODN induced NF-«B,
phosphatidylinositol 3-kinase (PI3K)/AKT and mitogen-activated protein kinases
(MAPKs) pathways. Three major MAPK pathways have been identified in this
activation, the extracellular signal-regulated kinase (MEK/ERK) which is the classical
MAP kinase that regulates the cellular proliferation and differentiation, c-Jun N-terminal
Kinase (JNK) which is also known as stress-activated protein kinases (SAPK/JNK), and
p3 gMAPK pathway. JNK and p38™PK signalling pathways are responsive to stress stimuli
and are involved in cell differentiation and apoptosis (Hacker H et al., 2000; Hemmi H
et al., 2000). The PI3K-AKT signalling pathway normally regulates cellular
proliferation, survival and growth through multiple downstream targets in normal and
cancer cells. In normal B-cells, CpG-ODN induced NF-kB activation and MAP kinases
and PI3K/AKT were found to initiate the up-regulation of costimulatory molecules,
cellular proliferation and the secretion of proinflammatory cytokines, such as TNF-a and
IL-6 and IL-10 (Yi AK et al., 1998; Chu W et al., 2000; Peng SL 2005).
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The CpG-ODN induced response is a complex response, as it was found to require both
TLR9 dependent and independent pathways. Chu W ef al., 2000 found that CpG-ODN
can activate DNA protein kinases (DNA-PK), which phosphorylates IkB kinases leading
to the activation of NF-kB which plays a central role in regulating the expression of
genes that encode for the pro- inflammatory cytokines and chemokines production in the
immune cells (Chu W et al., 2000). Dragoi et al., (2005) reported that DNA-PK is
required in the CpG-ODN induction of PI3K/AKT pathway. On the other hand, they
found that the activation and phosphorylation of AKT in response to CpG-ODN is a
TLR9 independent mechanism and it mostly involves the DNA-dependent protein kinase
(Dragoi et al., 2005), but this is not conclusive as recent study indicated that it is TLR9-
dependent (Sester et al., 2006).

In this work, TLR9 positive BJAB cell line, which exhibits a significant response to
CpG-ODN activation, was investigated for its responsiveness towards CpG-ODN
mediated signalling pathways, and to determine the molecular mechanisms that would
lead to this CpG-ODN induced activation by the use of selective inhibitors of NF-xB,
AKT and MAPK signalling pathways. CpG-ODN stimulation of BJAB cells showed an
upregulation of the relevant surface markers, increase in cellular proliferation, NF-xB
activation and cytokine release. For therapeutic/pathologic intentions, detecting the
biochemical and molecular activations in BJAB cells would help in determining the best
immunotherapeutic approaches. To establish that, BJAB cells were pre-treated with

signalling pathway inhibitors and stimulated with media alone or 10103 CpG-ODN.

Curcumin, derived from turmeric roots (Curcuma longa), is pharmacologically safe
agent known as a potent anti-tumour agent that exhibits anti-inflammatory and anti-
oxidant properties. Curcumin has been found to generally affect NF-xB activation in

normal and tumour cells, and to suppress a number of cellular responses in tumour cells
(Figure 5.1) (Singh S et al., 1995; Shishodia Sh et al., 2005; Shakibaei et al., 2007).
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Figure 5.1. Turmeric plant and roots (Curcuma longa) (left). Effect of Curcumin on NF-kB activation

(right). (Shakibaei et al., 2007).

Favata MF et al., (1998) identified a potent and specific inhibitor of the MAPK cascade
that selectively inhibited ERK1 and ERK2 activation. They have identified U0126
(Figure 5.2) which blocks the phosphorylation and activation of ERK. 30pM of U0126
was recommended by Li J et al,, (2002) for the optimal inhibitory effect, and was the

dose used in the following experiments.

uo0126

Figure 5.2.Structure of U0126, MEK/ERK inhibitor.

Scheid and Duronio (1996) identified LY294002 (Figure 5.3) as a potent and specific
cell-permeant inhibitor of phosphatidylinositol 3-kinases (PI3-K). This inhibitor was
found to act as antiproliferative agent and further substantiate a role for (PI3K)/AKT in
cell proliferation. It also competitively inhibits ATP binding to the catalytic subunit of
PI 3-kinases. Chiu D et al.,, (2005) recommended the use of 50pM LY294002 for the
optimal inhibitory effect in B-cells, and I have used this dose in the following

experiments.
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LY294002

Figure 5.3.Structure of LY294002, PI3K/AKT inhibitor.

Cuenda A et al, (1995) identified SB203580 (4-[5-(4-Fluorophenyl)-2-[4-
(methylsulfonyl) phenyl]-1H-imidazol-4-yl] pyridine) as a highly selective and cell
permeable inhibitor of p38 mitogen activated protein kinase (Figure 5.4). 10uM was
recommended to exhibit the optimal inhibitory effect for SB203580 (Chang JH et al.,

2006), which I also used in my experiments.
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Figure 5.4. Structure of SB203580, p38™A¥ inhibitor.

The aims of this work were to determine the intracellular molecular mechanisms that led
to the CpG-ODN mediated responses, by studying the different signalling pathways
involved in the activation of TLR9 by CpG-ODN. Also, to evaluate the effects of these
pathways on different functional responses to CpG-ODN, using a panel of inhibitors

specific for the different intracellular signalling pathways.
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5.2 Materials and methods:

5.2.1

Materials:

10103 CpG ODN (Coley Pharmaceutical, Canada)

Anti-CD54-PE ( Beckman Coulter, UK)

Anti-CD80-FITC (clone MAB104, Beckman Coulter, UK)
Anti-CD86-PE (clone HA5.2B7, Beckman Coulter, UK)

Anti-MHC II-FITC (monoclonal mouse anti-human HLA-DP DQ, Dako ,
UK)

Anti-IgG1-PE (Beckman Coulter, UK)

Anti-IgG1-FITC (Beckman Coulter, UK).

Rabbit polyclonal anti- p-IxB-a (Ser 32)-R Santa Cruz Biotechnologies,
Santa Cruz, USA)

Peroxidase-labelled anti-mouse IgG (NIF824, Amersham Biosciences,
Little Chalfont, UK).

Peroxidase labelled anti-rabbit Ab 