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ABSTRACT

Death receptor 5 (DR5) is a cell surface receptor that binds the ligand TRAIL and triggers
apoptosis. Its expression is mediated by transcription factors nuclear factor kB (NFxB) and p53.
Histone acetylation facilitates the interaction of transcription factors with nuclear DNA thereby
affecting the transcription process. Histone acetyltransferases (HATs) allow the transcriptional
machinery access to the DNA template for gene expression; whereas histone deacetylases
(HDAC:s) prevent this access and lead to repression of gene expression. HDAC inhibitors bind
HDACs and inhibit their activity by inducing histone acetylation. DRS is upregulated by DNA
damaging agents and radiation in a p53-dependent manner. Analysis of the DR5 gene found p53
and NF«B binding sites in the first intron. Using ChIPs on HEK293 cells we found that the p65
subunit of NFxB and p53 bind to the DR5 gene upon treatment with either etoposide, an
apoptotic stimulus, or epidermal growth factor (EGF), a survival stimulus, and that p53 is
required for the binding of p65 under etoposide treatment. Using luciferase assays on HEK293
cells we have determined that the basal level of promoter activity of DR5 dependent on NFxB
activation, p65 expression, and the p53 and NF«B binding sites in the first intron. Using ChIPs on
HEK293 cells, we have determined that there is acetylation of histone H3 occurring on the DR5
gene following etoposide treatment and that HDAC! is recruited to the DR5 gene upon treatment
with EGF and requires the binding of p65. Using ChIPs on HEK293 cells we have determined
that treatment with HDAC inhibitor trichostatin A (TSA) enhanced the binding of p53 and NFxB
to the DRS5 gene but not HDAC1. Understanding the mechanism of DRS gene expression could
lead to its use as a target for chemotherapy in combination with other drugs, such as HDAC
inhibitors. Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in
Manitoba, with approximately 100 new patients every year. Due to resistance to standard
treatment, chlorambucil (CLB) and fludarabine (FLU), new therapies are required. DR5 is
upregulated in many cancer cell lines, including primary CLL cells, however, upregulation of
DRS5 is not observed in normal lymphocytes. Using ChIP assays on primary CLL cells, we have
found that the p65 subunit of NFxB and p53 are bound to the DR5 gene in CLL cells following
either CLB or FLU treatment. In addition, acetylated histone H3 is found on the DR5 gene
corresponding to p300 binding to the DR5 gene. HDACI is not found on the DR5 gene following
FLU treatment and only at later time points following CLB treatment. Lysophosphatidic acid
(LPA) was used as a survival stimulus, as CLL cells do not express EGF receptors. Using ChIP
assays on primary CLL cells, we have found that the p65 subunit of NFxB and HDACI1 bind to
the DR5 gene following LPA treatment, however there is no acetylated histone H3, p53 binding,
or p300 binding to the DR5 gene. Using western blot, acid urea gels, and immunohistochemistry,
we have determined that the overall level of histone acetylation is increased in CLL patient cells
compared to normal cells. In addition, the level of acetylation is increased in CLL cells treated
with FLU and decreased in CLL cells treated with LPA, compared to untreated cells, and that
LPA protects against the FLU-induced acetylation. We have also determined that the overall level
of histone phosphorylation is increased in CLL patient cells compared to normal cells. In contrast
to acetylation, FLU did not induce an increase in histone phosphorylation but LPA did induce a
decrease in histone phosphorylation. Histone methylation levels do not seem to be affected by
either FLU or LPA treatment and there seems to be no difference between CLL and normal cells.
These findings suggest that histone acetylation, p53, and NF«xB are important in the regulation of
DRS5 gene expression and this could provide a mechanism to sensitize CLL cells to TRAIL-
induced apoptosis.
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1.1 APOPTOSIS

1.1.1 Introduction

Cell death is an integral part of the normal life of multicellular organisms. Along with
cell division and migration, regulation of cell death allows for the tight control of cell
number and tissue size, as well as protecting the organism from unwanted, damaged, or
virally infected cells that would threaten its homeostasis (1, 2). The term apoptosis was
suggested by Kerr et al. in 1972 to describe a form of cell death used to dispose of
unwanted cells during embryonic development, normal cell turnover in proliferating
tissues, and in pathological situations (3). Apoptosis can be observed with an electron
microscope by identifying morphological changes (See Figure 1). Within the nucleus,
chromatin are condensed and in the later stages of apoptosis the nucleus is fragmented
into several particles. Upon disintegration of the cell, these particles are packaged into
apoptotic bodies and are taken up by phagocytes and neighboring cells (1, 3). In terms of
the cell’s shape, the cells round up and sever contacts with neighboring cells. In addition,
protrusions, or “blebs”, from the cell surface become visible and later
condensation/shrinkage of the cell occurs leading to its disintegration into apoptotic
bodies (1, 3, 4). Molecular changes also occur during apoptosis, such as internucleosomal
DNA cleavage and the random distribution of phosphatidyl serine between the inner and
outer leaflets of the plasma membrane (4, 5). Due to the extensive impact that apoptosis
has on the organism, abnormalities in this process can lead to diseases such as cancer,
autoimmune diseases, and degenerative disorders (5). There are two main apoptotic
pathways; the intrinsic pathway, operated through the mitochondria, and the extrinsic

pathway, operated through TNF ligands and the TNFR
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Diagram illustrating the morphological changes that occur to the cell when it

undergoes apoptosis.
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family. There are thought to be four major groups involved in the regulation of these
apoptotic pathways. They are caspases, adaptor proteins, members of the tumor necrosis

factor receptor (TNFR) superfamily, and the Bcl-2 family of proteins.

1.1.2 Caspases

Caspases were first implicated in the process of apoptosis with the discovery of CED-3
and its involvement in cell death in the nematode Caenorhabditis elegans (6). Its
discovery lead to the identification of the first caspase (caspase-1 or interleukin-1p-
converting enzyme (ICE)) in mammals due to its similarities to CED-3 (6). At least 14
caspases have been identified in mammals (1, 5). Caspases are cysteine proteases that are
highly conserved through evolution, having been found in humans down through hydra
(2, 5). They recognize a tetrapeptide motif, four residues amino-terminal to the cleavage
site, that gives them distinct substrate specificities (2, 5). They cleave their substrates on
the carboxyl side of an aspartate residue. Caspases are synthesized as zymogens, with
very low intrinsic enzyme activity. The zymogens are composed of three domains: an N-
terminal prodomain, and the p20 and p10 domains, found in the mature enzyme (2). The
functional enzyme is a heterotetramer composed of two p20 subunits and two p10
subunits (2, 5). The functional enzyme is produced by cleavage from another caspase or it
is also thought possible that an aggregation of caspase zymogens can self-initiate
cleavage and activation (1, 5). The cascades of caspases found in the apoptotic pathways
are thought to be initiated by the activation of an initiator caspase, such as caspase 8 or 9,
through protein-protein interaction, involving their death effector domain, and leading to

the activation of downstream effector caspases, such as caspase 3 or 7 (5, 7, 8). Caspase 8



is the initiator caspase in the extrinsic apoptotic pathway and caspase 9 is the initiator
caspase in the intrinsic apoptotic pathway (2). The pathway that each caspase affects is
likely based on its protein-protein interaction module within its prodomain (2). This
module allows each caspase to bind to and associate with upstream regulators. Caspase-8
and —10 contain a death-effector domain (DED), whereas caspase-2 and —9 contain a

caspase activation and recruitment domain (CARD) (2).

1.1.3 Adaptor Proteins

Adaptor proteins link the cell death effectors, caspases, with the cell death regulators,
death receptors, and Bcl-2 family members. The adaptor proteins form a bridge between
the caspases and the upstream regulators of apoptosis (5). These bridges are made
through domains such as the death domain (DD), the death effector domain (DED), and
the caspase recruitment domain (CARD) (5). The adaptor proteins such as Apaf-1 in the
intrinsic apoptosis pathway and death receptors in the extrinsic apoptosis pathway were
discovered through their homology to CED-4 in C. elegans (9). Other examples of

adaptor proteins include FADD, TRADD, etc.

1.1.4 The Tumor Necrosis Factor Receptor (TNFR) Family

Members of the TNFR family are pleiotropic. They can trigger proliferation, survival,
differentiation, or death, depending on the cell type and the other signals received by the
cell (5). Examples of members of the TNFR family include TNF-R1, CD95, death
receptor 4 (TRAIL-R1, DR4), death feceptor 5 (DRS5), and decoy receptor 1 (DcR1).

These receptors are activated by ligands belonging to the TNF ligand family, such as



TRAIL, most of which are synthesized as membrane-anchored trimers (5). Members of
the TNFR receptor family contain cytoplasmic regions that are essential for inducing
apoptosis. CD95 and TNF-R1, as well as others, contain a death domain (DD) within

their cytoplasmic regions, allowing them to interact with adaptor proteins.

1.1.4.1 Death Receptor 5 (DR5)

DRS, also known as TRAIL-R2, Apo2, TRICK2, and KILLER, is a member of the tumor
necrosis factor receptor (TNFR) superfamily. It possesses a death domain sequence
within its C-terminus that is required to induce cell death. DRS is a receptor for the ligand
TRAIL and their association leads to the induction of the extrinsic pathway of apoptosis.
Death receptor 5 (DRS) is upregulated by DNA damaging agents and radiation in a p53-
dependent manner (10). It has been shown that up-regulation of DRS in lung cancer cell
lines is p53 dependent (10), as well, primary chronic lymphocytic leukemia (CLL) cells
lacking functional p53 fail to up-regulate DR5 following genotoxin treatment (11). The
p33 responsive element responsible for DRS expression has been identified in the first
intronic region of the DR5 gene (10). Another factor involved in the up-regulation of
DRS5 is the transcription factor NFkB. Blockage of NF«B effectively inhibits etoposide
and TRAIL induced DR5 expression and any synergistic apoptotic response (12, 13). The
binding of TRAIL to DRS also leads to the activation of NFxB. A putative NFkB binding
site has been identified in the first intronic region of the DR5 gene near the p53
responsive element (14). Although we know some of the factors involved in the
regulation of DRS gene expression we do not know the mechanism for the regulation of

the DR5 gene at the transcriptional level.



1.1.5 The Bcl-2 family of proteins

In mammals, the Bcl-2 family of proteins is made of 20 relatives of the Bcl-2 protein, all
sharing at least one conserved Bc¢l-2 homology (BH) domain (See Figure 2) (15). The
Bcl-2 family of proteins includes differentially regulated mammalian homologs of CED-9
(1). This family of proteins is divided into two groups, those that inhibit apoptosis and
those that promote apoptosis. Some members of this family can homodimerize however
the pro-apoptotic members and the anti-apoptotic members can heterodimerize thereby
neutralizing the other’s effect (2). Therefore whether a cell survives following an
apoptotic stimulus could be determined by the ratio of pro-apoptotic versus anti-apoptotic
members, as well as the level of caspase activation (1). Bcl-2, Bel-x, Bel-w, A1/Bfl-1,
and Mcl-1 promote cell survival whereas Bax, Bak, Bid, Bik/Nbk, and Bim/Bod induce
apoptosis (5). The anti-apoptotic members associate with the mitochondrial outer
membrane, endoplasmic reticulum, and the nuclear envelope through their hydrophobic
carboxy-terminal domain. They can prevent cytochrome c release from the mitochondria
and therefore prevent caspase 9, and probably others, from activation (15). The presence

of the pro-apoptotic members is essential for apoptosis, specifically Bax and Bak (15).
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Schematic diagram of representative Bcl-2 family proteins. Examples of anti-
apoptotic (Bcl-2, Bel-X; , and Mcl-1), pro-apoptotic multidomain (Bax, Bak, and
Bok), and pro-apoptotic BH3-only (Bid, Bim, and Bad) proteins are shown. Bcl-2
homology (BH) and transmembrane (TM) domains are indicated (137).




1.1.6 Two Main Pathways for Induced Apoptosis

1.1.6.1 The Mitochondrial Pathway (Intrinsic Pathway)

The intrinsic pathway is induced by stress such as DNA damage or withdrawal of growth
factors and survival stimuli (8). This pathway involves the release of molecules, normally
contained within the intermembrane space of the mitochondria, into the cytosol under the
influence of the Bcl-2 family of proteins (see Figure 3) (16). The events leading to the
release of molecules include pore formation in the external mitochondrial membrane by
proteins such as Bax, rapid loss of mitochondrial transmembrane potential A'Ym
following permeability transition and disruption of the outer membrane as a result of
mitochondrial swelling(16). Cytochrome c is one of the molecules released into the
cytosol. It recruits the caspase adaptor molecule Apaf-1, which in turn binds to the
initiator caspase, procaspase-9, forming an apoptosome complex (8, 16). This leads to the
activation of caspase 9, activating a downstream caspase cascade, and ends in the

induction of apoptosis (8, 16).

1.1.6.2 The Death Receptor Pathway (Extrinsic Pathway)

Binding of a ligand trimer from the TNF ligand family, such as TRAIL, to a receptor
from the TNFR receptor family, such as DRS5, induces trimerization of the receptor. This
leads to the formation of a DISC (death-initiating signaling complex) complex consisting
of the ligand —receptor trimer and an adaptor protein called FADD (Fas-associated death
domain), which is constitutively bound to procaspase-8 (see Figure 3). FADD binds to
the cytoplasmic region of the receptor through their respective death domains and binds

to procaspase-8 through a death effector domain (8, 16, 17). The formation of the
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Schematic diagram of the two main pathways of apoptosis. The “intrinsic” and
“extrinsic” apoptosis pathways converge on the effector caspase, caspase 3, and
promote apoptosis. The “extrinsic” pathway is activated by cell-surface death
receptors, such as Fas and DRS, and is mediated by the activation of caspase 8,
within a death-inducing signalling complex (DISC). The “intrinsic” pathway is
activated by a wide range of stimuli which trigger the release of cytochrome c
from the mitochondria. This leads to the activation of caspase9, within the
apoptosome. In some situations the two pathway are combined (137).



DISC complex leads to the activation of caspase 8 which either directly activates a
caspase cascade leading to apoptosis or it cleaves the pro-apoptotic member of the Bcl-2
family, Bid, leading to the translocation of tBid to the mitochondria activating the
mitochondrial pathway of apoptosis (16, 17). Two specific examples of this pathway

include the FasL-Fas pathway and the TRAIL-DR4/DRS5 pathway (8).

1.2 REGULATION OF TRANSCRIPTIONAL ACTIVATION OF A

GENE

Controlling the selective expression of genes involves limiting the access of transcription
factors to the genomes. This is achieved by packaging the genes into chromatin, thereby
preventing the binding of transcription factors to their target DNA (18). A diverse group
of enzymatic complexes are involved in the regulation of accessibility to the DNA by
modulating the nucleosome structure through histone modifications or ATP-dependent
remodeling (18). It has been shown that these complexes function in a promoter-specific
manner determined by their association with particular classes of DNA binding proteins
(19, 20). The order in which these proteins associate with their target promoters is
perhaps gene specific however one popular view is that the activators must first bind to
the promoters in conjunction with chromatin-remodeling or —modifying complexes. The
core promoter recognition factors (TFIIA, B, D, E, F, and H) and RNA pol II are then
recruited, forming an active initiation complex (18). In addition to these factors; the

process of transcription also requires proteins called “mediators”. These proteins interact

with either repressors or activators and RNA pol II and either facilitate or repress
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transcription by relaying signals between the regulatory factors and the basal initiation

machinery (18).

1.2.1 NF kappa B (NFkB)

NF«B is an ubiquitously expressed family of proteins consisting of five members; p65
(RelA), p50, c-Rel, p52, and RelB (21, 22). These proteins share sequence similarity
through an approximately 300 amino acid Rel homology domain (RHD). The N-terminal
portion of the RHD mediates both backbone and sequence-specific contacts with the
major groove of DNA whereas although the C-terminal portion also contributes to
backbone contacts, it also controls dimerization with other Rel family members (23). All
NFxB members bind DNA, however only p65, c-Rel, and RelB have extended carboxy
termini harboring transactivation function (24). NFxB subunits are able to form
heterodimers or homodimers with the predominant form of NF«B in cells being a
p65/p50 heterodimer. NFxB is an inducible transcription factor that plays a role in both
survival and apoptotic signaling pathways, as well as immune and inflammatory
responses (21, 22, 24-29). In unstimulated cells, NFkB complexes are normally
sequestered in the cytoplasm as a result of their interaction with members of the inhibitor-
of-xB (IxkB) family (21). In response to external stimuli, IxkB kinase (IKK), a multimeric
kinase complex, phosphorylates IxB (30). Phosphorylated IxB is then targeted for
ubiquitination and proteosomal degradation, allowing the nuclear translocation of NFkB
complexes (see Figure 4). Once in the nucleus, NFkB can bind to cognate sequences of

DNA present in a wide array of gene promoters leading to
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Figure 4

Schematic diagram of NF«B activation. NFxB is complexed with inhibitor-of-
kB (IkB) and sequestered in the cytoplasm. In response to an external stimuli,
IxB kinase (IKK) phosphorylates IkxB. Phosphorylated IxB is then targeted for
ubiquitination and proteosomal degradation allowing the translocation of NFxB
into the nucleus, enabling it to bind to sequences of DNA in a wide array of
promoters leading to transcriptional activation.
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transcriptional activation. In particular, NFxB is involved in the up-regulation of anti-
apoptotic genes such as Bcl-2, Bel-x;,, Mcl-1, and Inhibitor of apoptosis protein 1/2
(IAP1/2) that effectively promote cell survival (31-35). Our lab has previously shown
that epidermal growth factor (EGF), an inducer of survival, induces NFkB upregulation
of Mcl-1 expression by blocking TRAIL induced cell death (32). In contrast, NFxB has
been implicated in the upregulation of the pro-apoptotic genes DRS5, Fas, and FasL (32).
It has been shown that blocking NF«B activation leads to the inhibition of DR5
expression in epithelial derived cell lines (13). Our lab has shown that if NFkB activation
is inhibited, the pro-apoptotic DR5 gene is not up-regulated (36). NFkB activation also

cooperates with p53 to induce apoptosis (37).

1.2.2 p53

The p53 gene was first discovered in 1979 (38). It is a polyfunctional protein that
functions in the nucleus (39). It forms a tetrameric complex that recognizes specific DNA
sequences, stimulating transcription of genes having an appropriate DNA element
adjacent to their promoter (39). The p53 protein consists of 392 amino acids and contains
two N-terminal activation domains, a sequence-specific DNA binding domain, and a C-
terminal oligomerization domain (39-41). The N-terminal sequence (amino acids 1-50)
contains a domain involved in the activation of transcription of target genes and also
plays a role in the regulation of p53 activity (39). The central domain (amino acids 100-
300) participates directly in the recognition and binding of specific DNA sequences and
is the site of most missense mutations (39). A linker sequence (amino acids 305-323) is

responsible for the nuclear localization of p53 and a locus between amino acids 323 and
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356 is responsible for its tetramerization (39). The DNA binding activity of p53 is
thought to be negatively regulated through two regions within its C-terminal domain
(amino acids 363-393) and this inhibition can be relieved by acetylation,
phosphorylation, or protease cleavage (39, 40, 42). p53 is a short-lived protein that is
maintained at low, often undetectable levels in normal cells (43). The p53 gene is
continuously transcribed and translated, however the protein is rapidly subjected to
ubiquitin-dependent proteosomal degradation (39). It is only activated/stabilized when
cells are under stress or damaged (38). Damage as small as a single break in double-
stranded DNA is all that is needed to trigger an increase in p53 levels and produce a
response (38, 41). There are thought to be three independent pathways by which p53 is
activated. The first pathway is induced by DNA damage, such as that caused By ionizing
radiation. The second pathway is induced by aberrant growth signals, such as those from
the expression of oncogenes Ras or Myc. The third pathway is induced by
chemotherapeutic drugs, ultraviolet light, and protein-kinase inhibitors (38). All three of
the pathways stabilize p53 at high concentrations by inhibiting its degradation, allowing
it to bind to specific DNA sequences and activate the expression of adjacent genes
leading to apoptosis or the inhibition of cell division (38). p53 is a sequence-specific
DNA binding protein that activates the transcription of many target genes such as p21,
Mdm2, GADD45, and Bax (40). The p21-WAF]1 protein is a powerful inhibitor of cyclin-
dependent kinases (cdk) and is responsible for the arrest at the G phase of the cycle. This
arrest occurs as a result of the over-expression of p53 following DNA damage (7, 39).
The BAX gene contains a p53-responsive element and can be activated by p53 (39). Its

expression promotes apoptosis by increasing the release of cytochrome ¢ from the
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mitochondria (39). The Fas-receptor gene (APO1), as well as the DR5 gene, are activated
by p53 (39). Expression of either of these genes leads to a caspase cascade and eventually
apoptosis. p53 has also been shown to interact with NFkB. Expression of p53 leads to an
increase in NFkB DNA-binding activity, with NFkB consisting mainly of the p50 and
p65 subunits, in turn, loss of NF«kB activity diminishes the p53-mediated apoptotic
response (37, 44). In order for p53 to activate transcription of these and other genes it
must interact with a specific DNA element and other molecules to form a complex. It
requires the interaction of its N-terminal transcription-activator region with components
of the transcription apparatus, such as proteins of the TFIID complex including TBP
(TATA-Box Binding Protein) and TBP-associated factor TAFII (39). In addition to the
components of the transcription apparatus the presence of coactivators, CREB-binding
protein (CBP) and p300, is required (39). These coactivators display histone acetylase
activity, facilitating the access of the chromatin to the transcription machinery. The p53
gene was the first gene identified as a tumor suppressor gene and is the most frequently
mutated gene in cancers, with it occurring in approximately 50% of all human cancers
(38, 41, 43). The p53 protein prevents the multiplication of stressed cells by temporarily
inhibiting progress through the cell cycle for repair or can cause apoptosis of the cells in
an attempt to contain the damage and protect the organism (38, 39). Mutations of p53
commonly result in cancer because it regulates such important processes as cell cycle
progression and apoptosis. Mice in which p53 is knocked out, produce normal offspring;
however, they rarely live more than six months because they are extremely sensitive to

tumor development and progfession (39).

15



1.3 HISTONES

1.3.1 Background

The basic structural repeating unit of chromatin is the nucleosome, around which 146 bp
of DNA are wrapped. The nucleosome is made of an octamer of histones consisting of
two histone H2A-H2B dimers bound to a histone H3 and H4 tetramer (45). The four core
histones, H2A, H2B, H3, and H4, have a basic N terminal tail and a central globular
domain, organized into a histone fold and a C terminal tail. The central histone fold
domain is involved in histone-histone and histone-DNA interactions and therefore is
important in histone octamer and nucleosome formation (46). The histone N terminal
tails protrude from the core particle in all directions and vary in length (46). These N
terminal tails can undergo a series of post-translational modifications, such as acetylation,

phosphorylation, methylation, ubiquitination, and sumoylation, at specific amino acids.
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1.3.2 Histone Modifications

Histones can undergo a series of poét-translational modifications including lysine
acetylation, lysine and arginine methylation, serine and threonine phosphorylation, ADP-
ribosylation, ubiquitination, and sumoylation (See Figure 5) (47). Most of these
modifications occur on the N-terminal tail domain, with the exception of ubiquitination
which occurs on the C-terminal tail domain (48). These modifications lead to the
remodeling of chromatin and therefore have an effect on the transcription process. The
“histone code hypothesis” was put forward to try to explain the complex nature in which
these modifications interact with each other. It states that one modification, or a specific
combination of histone modifications, can affect distinct downstream events by altering
the structure of the chromatin and/or generating a binding platform for protein effectors
that can specifically recognize the modification(s) and initiate gene transcription or
repression (47).

1.3.3 Histone Acetylation

1.3.3.1 Characteristics

Histone acetylation is the best-studied histone modification to date. It occurs at the €
amino groups of the lysine residues located on the N-terminal tails of histones. Each core
histone, with the exception of H2A, can be acetylated at 4 to 5 sites giving the
nucleosome 26 sites of acetylation (48). It is known to regulate transcription by
remodeling chromatin structure. Acetylation of the core histones disrupts the nucleosome
structure resulting in the unfolding of chromatin. This allows transcription factors access
to bind their target promoters. The N-terminal domain of histones can be acetylated at

various lysine residues (5 in H3; 4 in H4; 4 in H2B; and 1 or 2 in H2A) and therefore can
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Figure 5

Schematic diagram depicting the sites of post-synthetic modifications on the
histones. The structures of the H2A-H2B dimers, (H3-H4), tetramers, and the sites
of modification are shown. The modifications shown are acetylation (Ac),
methylation (Me), phosphorylation (P), and ubiquitination (Ub). The enzymes
catalyzing reversible acetylation and phosphorylation are shown (HAT, histone
acetyltransferase, HDAC, histone deacetylase, PP1, protein phosphatase 1) (45).
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be mono-, di-, tri-, and tetra-acetylated (49). Acetylation of histones is regulated by the
opposing activities of histone acetyltransferases (HATs) and histone deacetylases

(HDAC:s) (see Figure 6).

1.3.3.2 Histone Acetyltransferases (HATs)

HATs transfer the acetyl moiety from acetyl coenzyme A to the N-terminal lysine of the
histone protein and neutralize its positive charge. This leads to the relaxation of the
chromatin structure and allows for active transcription (23). Examples of potent HATs
are CBP (CREB-binding protein), p300, PCAF (p300/CBP-associated factor), and Tip60.
They also exist in multiprotein complexes that recruit general transcription factors and
RNA polymerase I (49). Each HAT has a different target substrate and the specificity for

this substrate depends on the proteins associated with the HAT (46).

1.3.3.3 Histone Deacetylases (HDACs)

HDAC:s are responsible for the deacetylation of histones by removing the acetyl groups
from the N-terminal lysine of histone proteins and restoring the positive charge.
Deacetylation leads to the folding of chromatin, limiting the access of activation factors,
as well as allowing the binding of repressor complexes to the DNA, and thereby silencing
transcription (23). There are three classes of HDACs, divided based on their size and
sequence homologies to yeast deacetylases, but they are all a part of multisubunit
complexes within the cell. Class I includes HDAC 1,2,3, and 8. They have a single
deacetylase domain at the N-termini, diversified C-termini, and are constitutively nuclear,

playing important roles in dynamic gene regulation (50). They are approximately 400-
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Figure 6 : Schematic representation of histone acetylation

Histones are acetylated on the lysine residues on their N-terminal tails.
Acetylation is controlled by the balance between two enzymes; histone
acetyltransferases (HATs) and histone deacetylases (HDACs). HATs add an
acetyl group to the N-terminus, neutralizing the positive charge, and leading to the
opening of the DNA helix. HDACs remove the acetyl group, restoring the
positive charge, and leading to a closed DNA conformation.
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500 amino acids in length and share homology with the yeast Rpd3 deacetylase (46).
Class II includes HDAC 4,5,6,7,9, and 10. They have a deacetylase domain at a more C-
terminal position and are capable of translocating from the cytoplasm to the nucleus in
response to external stimuli (50). They are approximately 1000 amino acids and share
structural homology with yeast Hdal deacetylase (46). Class III includes deacetylases
that share homology to the yeast silent information regulator (Sir 2) gene and are
dependent on NAD+ and ADP-ribosylase activity (46). Sir2 functions in numerous
cellular processes, including gene silencing and DNA damage repair (51). In addition to

deacetylating histones it also deacetylates proteins such as p53 (51).

1.3.3.4 Protein Acetylation

Originally substrates for acetylation were thought to be mainly histones, however they
now include DNA-binding proteins, non-nuclear proteins, and proteins that shuttle from
the nucleus to the cytoplasm (52, 53). As well, histone acetylation has commonly been
viewed as being an inducer of transcription , however, as there are acetylation targets
within transcription factors this has not held true (52). Acetylation is now shown to affect
not only transcription but DNA binding, protein stability, and protein-protein interactions
as well. Both HATs and HDAC:s are recruited to specific regions of the genome by
transcription factors. Transcription factors existing as multimers, such as Sp1 and p53,
are capable of simultaneously reéruiting HATSs and HDACs, whereas recruitment by
other factors, like ligand-activated transcription factors and modified factors (N FxB), is

governed by the ligand or modifying enzyme (49).
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1.3.3.4.1 NFxB and p53

The transcription factors p53 and NFkB associate with HATs. CBP, p300, and PCAF
coactivators interact with the p65 subunit of NF«kB to enhance its ability to activate
transcription (24, 54). Studies have revealed that both the N-terminal RHD and the C-
terminal transcriptional activation domain of p65 interact with the amino-terminal CH1
domain of p300 (55). This interaction is suggested to be regulated by the phosphorylation
status of NF«B, where phosphorylation of p65 enhances the interaction between p65 and
CBP (24, 54, 56). The interaction between these co-activators and NFkB also leads to the
acetylation of NFxB. Acetylation of NFxB enhances its DNA binding effects, its
transactivation, as well as regulating its nuclear export (54, 56).

CBP/p300 has also been shown to acetylate p53, at multiple lysine residues within its C-
terminal regulatory domain (45, 57, 58). The level of p53 acetylation is increased by
DNA damage and it is thought that phosphorylation in response to the DNA damage
enhances the interaction of p53 with p300 and PCAF and therefore p53 acetylation (59,
60). Acetylation of p53 has been shown to not only increase p53 DNA binding activity
but to also increase its stability and protein-protein interactions (58). In contrast to NFkB,
p33 associates with its nucleosomal target sites in the absence of chromatin remodeling
or modifying complexes and once bound it recruits p300 to the promoter (40). The N-
terminal activation domain of p53 physically interacts with the carboxy-terminal portion
of the CBP protein both in vitro and in vivo (43). The possibility exists that CBP and
PCAF acetylation of p53 enhances its binding affinity for promoters of target genes and
once bound p53 recruits a CBP-PCAF coactivator complex which then acetylates

nucleosomal histones promoting access of RNA polymerase Il and other basal
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transcription factors to DNA (59). The acetylation of p53 seems to be tightly regulated by
the action of deacetylases. This regulation is thought to be due to an indirect interaction

between p53 and HDAC1 (61).
1.3.4 Histone Phosphorylation

Phosphorylation is another important histone modification, although it is less studied than
acetylation. It has been associated with chromosome/chromatin condensation, including
apoptosis and DNA damage, chromosome decondensation events, and events regulated
by different histone kinases (47). The core histones, as well as histone H1, can undergo
phosphorylation on specific serine (Ser) and threonine (Thr) residues. Histone H1 can be
phosphorylated on Ser/Thr residues on both its C-terminal and N-terminal tail domains
whereas histone H3 is mainly phosphorylated on Ser/Thr residues on its N-terminal tail
domain (48). Phosphorylation of histones has been shown to play a role in gene
transcription. Phosphorylation of histone H1 is associated with the activation of the
MMTYV promoter whereas dephosphorylation of histone H1 is associated with
deactivation of the promoter (45). The cyclin-dependent kinases (CDKs), as well as the
cAMP and cGMP dependent kinases, are involved in the phosphorylation of histone H1
(45). Phosphorylation of histone H3 occurs in the cell-cycle on both serine 10 and 28 of
histone H3 and is required for the initiation of chromosome condensation in mammalian
cells (62). The kinase responsible for this phosphorylation is the aurora B kinase, which
works together with type 1 phosphatase (PP1) (62). It has been suggested that aurora
kinase B-mediated histone H3 phosphorylation is required for the recruitment of
condensin, a five-subunit protein complex required for assembly and maintenance of

mitotic chromatin structure, to the chromosome (63). Histone H3 phosphorylation, on
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serine 10 and 28, is also associated with the activation of the Ras-mitogen activated
protein kinase (MAPK) pathway of serum starved cells, following stimulation with
growth factors and phorbol esters, and is also associated with the transcriptional
activation of the early response genes c-fos and c-jun (45). The state of phosphorylation
is dependent upon phosphatases, kinases, as well as the acetylation state of the histone.
Phosphorylation of histone H3, leading to the activation of c-fos and c-jun, is restricted to
H3 histones that are highly acetylated. However it has not been shown in yeast that one
modification predisposes H3 to the other (45, 64). The kinases responsible for this
phosphorylation include MSK1 and MSK2, nuclear proteins which are widely expressed
in tissues and belong to the AGC kinase family (64). Phosphorylation of histone H3 can
also involve cAMP-dependent protein kinase A (PKA) activity as well as Rsk2, a

member of the pp90™* kinases (45).

1.3.5 Histone Methylation

Histone methylation can occur on both lysine and arginine residues on core histones
H2B, H3, and H4. The lysine residues can be mono-, di-, or tri-methylated whereas the
arginine can only be mono- or di-methylated (47). Methylation of histones can lead to
both activation and inactivation of transcription depending on which residue is
methylated. Methylation on the arginine residues seems to be more dynamic and correlate
well with gene activation and demethylation of these residues correlates with gene
inactivation (47). Conversely, methylation of lysine residues are more stable but not as
straightforward. For example, methylation of lysine 4 on histone H3 correlates with gene

activation whereas methylation of lysines 9 and 27 on histone H3 correlates with gene
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inactivation (47). DNA methylation occurs through the activity of histone lysine (K)
methyltransferases (HKMTs) and protein arginine (R) methyltransferases (PRMTs). The
first HKMT was first discovered as a homologue to Su(var)3-9 in Drosophila but there
are now many members of this family, including SUV, SET1, SET2, and RIZ (65). The
HKMTs differ in their substrate specificity as well as the number of methyl groups they
are able to transfer (65). PRMTs consist of two major types, where type I can catalyze the
formation of monomethylarginine and asymmetric dimethylarginine and type Il can
catalyze the formation of monomethylarginine and symmetric dimethylarginine (65).
PRMTS5 has been shown to dimethylate histone H3 and H4 and PRMT1, as well as
PRMT4, has been shown to methylate histones H3, H4, and H2B (65). The effect of
histone methylation on trahscription does not involve the disruption of the nucleosome
structure, as seen with acetylation, but could involve the recruitment of effector proteins
as it has been shown that pre-incubation of a chromatin template with p53 and PRTM1
significantly stimulated the HAT activity of p300 (65). Less is known about histone
demethylation as the first histone lysine demethylase, LSD1, was only discovered in 2004
(66, 67). The enzyme was previously identified as a component of HDAC complexes but
can demethylate mono- and di-methylated histone H3 lysine 4 in an amine oxidase
reaction (68). It has been shown to play a role in both gene activation and transcriptional

repression.

1.3.6 Histone Ubiquitination

Histones H2A, H2B, and H3 can be reversibly ubiquitinated. Ubiquitin is a highly

conserved 76 amino acid protein that can bind to other proteins or to itself by isopeptide
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bonds to form a chain of ubiquitin molecules. The carboxyl end of ubiquitin is attached to
the £ amino group of lysine and both H2A and H2B can be polyubiquitinated (45). H2A
is typically more highly ubiquitinated than H2B, both singly and polyubiquitinated, and
ubiquitination of both core histones is associated with transcriptionally active DNA (45).
The ubiquitination of histone H2B seems to be associated with transcription to a greater
extent then H2A. This could be due to the location of the ubiqutination site. The C-
terminal sequence of H2B is buried in the nucleosome and during transcription the
nucleosome structure is disrupted, exposing this sequence to enzymes capable of

catalyzing the addition of ubiquitin molecules (45).

1.3.7 Histone Sumoylation

The process of sumoylation is similar to ubiquitination however its effect in the cell is
quite different. Small ubiquitin-related modifier (SUMO) is 2 member of a growing
family of ubiquitin-like proteins (69). In mammals there are three members of the SUMO
protein family; SUMO-1, SUMO-2, and SUMO-3. The process of sumoylation consists
of the covalent attachment of SUMO from the E2 enzyme to the substrate protein through
an enzyme cascade (E1-E2-E3), similar to ubiquitination (70). To date only one
activating enzyme, one conjugating enzyme, and several ligases are known. The process
of sumoylation can also be reversed through the action of SUMO-specific isopeptidases
(_70). Unlike ubiquitination, the outcome of sumoylation is not protein degradation.
Sumoylation is involved in the regulation of protein-protein and protein-DNA
interactions, cellﬁlar localization, inhibition of ubiquitin-mediated degradation, and

enhancement of transcriptional activity (69, 70). It has been shown that histone H4 is
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modified by sumoylation and to a lesser extent H2A, H2B, and H3 (69). Histone
sumoylation has been shown to be associated with transcriptional repression through the

recruitment of HDACs and heterochromatin protein 1 (69).

1.3.8 Histone ADP-ribosylation

Poly-ADP-ribosylation (PAR) modifies histone proteins. The PAR modification results in
an increase in net negative charge by the addition of two ADP-ribose units, each
containing a negatively charged phosphate group (71). This results in a change in
electrostatic interaction between histones and DNA leading to alterations in conformation
and functional state. PAR is also thought to be a potential biomarker of carcinogensis as
it is known that during the initiation stage of carcinogenesis the level of PAR in cellular

proteins, especially histones, is reduced (71).

1.4 CANCER TREATMENT

1.4.1 TNF-Related Apoptosis Inducing Ligand (TRAIL)

Tumor necrosis factor (TNF)-related apoptosis inducing ligand (TRAIL) is a member of
the TNF ligand family. It has been shown to induce apoptosis in a wide variety of
transformed cell lines but seems to have little or no cytotoxic effect on normal cells in
vitro or in vivo (72-75). TRAIL binds to four known receptors; death receptor 4 (DR4),
death receptor 5 (DR5), decoy receptor 1 (DcR1), and decoy receptor 2 (DcR2) (76-80).
The binding of TRAIL to DR4 or DRS5 leads to the induction of apoptosis through the
extrinsic pathway, as described in section 1.1.6:2. Decoy receptors (DcR’s) compete for

TRAIL but do not produce an apoptotic response due to the fact that decoy receptor 1
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lacks a death domain and decoy receptor 2 lacks a functional death intracellular death
domain (50). Decoy receptors are expressed preferentially in many normal tissues but
only in a few transformed cells and it is therefore suggested that the expression of decoy
receptors in normal tissues might protect them from the induction of apoptosis by TRAIL
(81). Other studies have reported that DRS, a cell surface receptor that binds the ligand
TRAIL, is expressed more strongly in cancer cells compared to normal cells and this
expression may contribute to the tumor-selective induction of apoptosis by TRAIL (81).
It is for this reason that DRS is considered an attractive target for cancer therapies and has
lead to the development of monoclonal antibodies against DR5 and DR4. HGS-ETR1 and
HGS-ETR2 are high affinity, recombinant, fully human, IgG;A monoclonal antibodies
that are agonisitic and specific to cell death receptors DR4 and DRS, respectively (82).
Treatment of colorectal tumor cell lines with TRAIL receptor antibodies, HGS-ETR1 and
HGS-ETR-2, and irradiation leads to an increased induction of apoptosis and growth
delay (82). Both HGS-ETR1 and HGS-ETR2 were shown to induce killing in primary
melanoma cells, using both the intrinsic and extrinsic apoptotic pathways, and HGS-
ETR2 was shown to induce cell death in primary human renal carcinoma cells, through
the activity of caspases 9, 8, 6, and 3 (83, 84). These antibodies have also been tested in
CLL cells and were shown to demonstrate a synergistic or additive effect when used in
combination with doxorubicin or bortezomib (85). Antibodies against TRAIL death
receptors are in clinical trials for a variety of cancers (86). -

In breast cancer, it has been shown that it is unlikely that sensitivity to TRAIL-induced
apoptosis is‘ completely controlled by the levels of DR4, DR5, and DcR1, but could also

be due to DcR2, osteoprotegrin, or other mechanisms such as activation of NFkB (87).
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Sensitization of breast cancer cell lines to TRAIL-induced apoptosis appears to be
mediated through caspases, as chemotherapy agents that activate caspases augment
TRAIL-induced apoptosis, whereas chemotherapy agents that do not activate caspases do

not show induction (87).

1.4.2 HDAC Inhibitors

Histone modifications play an important role in diseases as well. In cancer, dysregulation
of HAT and HDAC activity often occurs (35, 88, 89). This altered HAT or HDAC
activity is associated with the formation and development of certain human cancers by
changing the expression pattern of various genes (50). In leukemia, chimeric fusion
proteins produced by chromosomal translocations alter normal gene regulation through
modification of chromatin (90). HDAC inhibitors are a class of chemotherapeutic agents
that alter the expression of genes by inhibiting the HDAC activity and thereby increasing
histone acetylation. There are several chemical structural classes of HDAC inhibitors
including hydroxamic acids (eg. TSA, SAHA), short-chain fatty acids (eg. butyric acid,
valproic acid), cyclic tetrapeptides containing a AOE moiety (eg. trapoxin), cyclic
peptides not containing the AOE moiety (eg. depsipeptide), and benzamides (eg. MS-27-
275) (see Table 1) (91). HDAC inhibitors are now being evaluated in clinical trials as
they appear to be non-toxic to normal cells but induce apoptosis in cancer cells (11, 12,

92-96).
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Table 1

Examples of some HDIs

HDIs Range Ref.
Short-chain fatty. acids
Butyrate and phenylbutyrate mM Kruh (1982)
Valproie acid mM Phiel et al. (2001) and Gortlicher et al. (2001)
Hydroxamic acids
Trichostating nM Yoshida et al. (1990)
SAHA and 11 derivates wM Richon et-al, (1998)
Oxamflatin M Kint et al. (1999)
CBHA (m-carboxy cinnamic bishydroxamidic acid) pM Richon et al. (1998)
Scriptaid: uM Su et al. (2000)
Pyroxamide M Butler ct al. (2001)
Propenamides wM Massa et al. (2001)
Epoxykelone-containing cyclic tetrapeptides
Trapoxins oM Kijima ¢t al. (1993)
HC-toxin mM Brosch et al. (1995)
Chlanydocin nM Brosch et al. (1995)
Diheteropeptin pM Masuoka et al. (2000)
Non-cpoxyketong-containing cyclic tirpeptides
FRO01228 (depsipeptide or FK228) M Nakajima et-al. (1998)
Apicidin oM Darkin-Rattray et al. (1996)
CHAPs (CT-hydroxamic hybrid) aM Furumai et al. (2001)
Benzamides
MS-275 (M8-27-275) [ThY Saito et al. (1999}
CI-994 (A-ucetyl dinaline) M Kraker ¢t al. (2003)
Epoxides
Depudicin wM Johnstone (2002)

(98)




1.4.2.1 Hydroxamic Acids

Suberoylanilide hydroxamic acid (SAHA) is a hydroxamate-containing small molecule
HDAC inhibitor that directly interacts with the hydrophobic catalytic site of HDACs
(97). SAHA’s aliphatic group fits into the pocket that co-ordinates the Zn®* ion that is
necessary for catalytic activity (97). SAHA is currently in clinical trials for the treatment
of solid tumours and haematological malignancies. In breast cancer cells, SAHA has been
shown to induce growth inhibition, cell cycle arrest, and apoptosis by regulating genes
such as p21, p27, Rb, and gelsolin (97). SAHA, as well as trichostatin A (TSA), have
been shown to produce a synergistic induction of apoptosis when combined with TRAIL
in both TRAIL-sensitive and —resistant breast cancer cells. This appears to be due to the
upregulation of DR4 and/or DRS, the activation of caspase-3, -9, and -8, the induction of
pro-apoptotic Bcl-2 family members, and the inhibition of Bcl-2 and/or Bel-x, (50, 81).
The same group, Nakata S et al., showed that TSA, SAHA, and sodium butyrate
upregulated DR5 mRNA and protein in a dose- and time-dependent manner, as well as
activating the transcription of DR5 gene in a p53-independent manner (81). In prostate

cancer, SAHA produces an additive effect in combination with radiotherapy (97).

1.4.2.2 Depsipeptide (FR-901228)

The HDAC inhibitor depsipeptide is a natural product purified from chromobacterium
violceum, which undergoes intracellular reduction to generate an active HDAC inhibitor
(97). It is a cyclic peptide that is pro-apoptotic, anti-proliferative, and anti-angiogenic

(97). It is currently in clinical trials for the treatment of several cancers including chronic
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lymphocytic leukemia, acute myeloid leukemia, cutaneous T cell lymphoma, and small

cell or non-small cell lung cancer (98).

1.4.2.3 Suberic bishydroxamate (SBHA)

SBHA is a relatively new HDAC inhibitor. It has been shown to induce apoptosis in the
majority of melanoma cell lines through mitochondrial and caspase-dependent pathways
(99). Along with inducing apoptosis by itself it has also been shown to induce synergistic
apoptosis when treated with TRAIL (99). SBHA is thought to exert its effects through the
down-regulation of anti-apoptotic proteins such as X-linked IAP (XIAP), Mcl-1, and Bcl-

XL, and the up-regulation of pro-apoptotic proteins Bid, Bim, Bax, and Bak (99).

1.4.3 Proteosome Inhibitors

Much like apoptosis the process of protein degradation is essential for cell homeostasis. It
is mediated primarily through the ubiquitin-proteosome pathway and the proteosome
itself. The proteosome inhibitors are a relatively new class of drugs shown to inhibit the
proteosome. They are peptide aldehydes and reversible serine and cysteine protease
inhibitors (86).The best characterized inhibitor to date is bortezomib (VELCADE, PS-
341). It is a dipeptidyl boronic acid that reversibly inhibits the chymotrypsin-like activity
of the proteosome and shows selectivity towards the proteosome as opposed to the serine
and cysteine proteases (86). It has been shown to possess antitumor properties, as well as
the ability to sensitize cells to the apoptotic effects of other agents,.and is the first
inhibitor to undergo clinical trials. It has been shown to be effective in the treatment of

many cancers including multiple myeloma, non-Hodgkin lymphoma (NHL), and chronic
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lymphocytic leukemia (CLL) (86). The inhibition of the proteosome seems to be selective
for transformed cells. This is thought to be due to the fact that actively proliferating cells
are more susceptible than quiescent cells, although this does not explain the susceptibility
of CLL cells to the inhibitors, as they are predominantly in the Go phase of the cell cycle

(86).

1.5 Chronic Lymphocytic Leukemia (CLL)

1.5.1 Clinical Features

Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in North
America and Europe, accounting for one third of all cases, and is far less common in the
Orient (96, 100). Older patients, with an average age of 72 years, are most affected by
this disease and men are affected twice as often as women (96). CLL is typically a B-cell
malignancy. It is characterized by an accumulation of non-proliferating, mature-
appearing CD5+ B lymphocytes (frequently CD19+, CD20+) in the blood, marrow,
lymph nodes, and spleen (96). The disease is detected with a complete blood cell (CBC)
count and is diagnosed when the patient exhibits a persistent peripheral lymphocyte count
of >5x10° / L with a typical CD5+, CD19+ cell morphology. A scoring system described
by Matutes et al. is often used as an aid in the diagnosis of CLL (see Table 2) (100). One
third of CLL patients will never require treatment, however the disease in the other

patients progresses at variable rates and therapy will be required at some point (11).
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Table 2

Scoring system for the diagnosis of CLL?

Marker Score points®

1 0
Smlg Weak Strong
CD5 Positive Negative
CD23 Positive Negative
FMC7 Negative Positive
CD22 or CD79b Weak Strong

® Scores in CLL are usually >3, in other B-cell malignancies

the scores are usually <3,

(100) .



1.5.2 Immunophenotyping

CLL begins with the malignant transformation of a single B lymphocyte and its clonal
expansion (101). CLL cells have a number of distinct markers that aid in its diagnosis.
These include expression of either k or A light chaiﬁs on the cell surface membrane, the
presence of unique idiotypic specificities on the immunoglobulins produced by CLL
cells, and by immunoglobulin gene rearrangements (101). CLL cells have low to
undetectable amounts of monoclonal polyreactive IgM autoantibodies on the cell surface
and often present with IgVy mutations (101, 102). The cells usually B cell markers CD3,
CD19, CD20, CD21, CD23, and CD24 and most are positive for Ia (DR and DC), Fc
receptors, and have receptors for mouse erythrocytes (see Table 3) (101, 102). Some
variable immunophenotypes include CD38 expression and intracellular expression of
ZAP70, and both are thought to have some prognostic importance (102). Bone marrow
can also be checked for common chromosomal abnormalitites (del(17p), del(11q22-23),

del(13q14), and trisomy 12) to improve the prognostic information (102).
1.5.3 Staging

The most commonly used staging systems were reported by Rai et al. (see Table 4) and
Binet et al. (see Table 5). Rai’s staging system uses lymphadenopathy, splenomegaly,
anemia, and thrombocytopenia as markers of progressive disease bulk. The stages range
from 0 to IV (100, 102). Binet’s staging system is a more simplified staging system and
uses the number of enlarged lymph nodes and the presence of anemia or
thrombocytopenia. The stages range from A-C (102). Regardless of the staging system,

patients with the most advanced stage have a predicted survival of 4 to 5 years, whereas
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Table 3

Differential iagnosis of CLL and other B-lymphoproliferative disorders according to selected immunophentypic features'

Disease Smlg CD3 CD20 (D23 FMCT (D22 CDI0 CD25 CDI03 CDIIC
(LL im +# dm H - - - - -k
Prolymphocytic kukema L L S T T L B C
Hairy-cell leukemia HE - M - M M - HE R
Mantle-cell lymphoma HoOoH OH -+ H - - - -

—+

Splenic lymphoma with villous lymphoeytes ++  -F + 4H- - 4 4 -
Follicular lymphoma H - H - HOH - - -

(100)



Table 4

Rai clinical staging

Stage Clinical feature
0 Lymphocytosis alone
I Lymphocytosis, lymphadenopathy
II Lymphocytosis, splenomegaly
and/or hepatomegaly
I Lymphocytosis, anemia (Hb < 11.0 g/dl)
v Lymphocytosis, thrombocytopenia

(platelets < 100 x 10%/1)

(100)
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Table 5
Binet clinical staging

Stage Clinical features®
A No anemia, no thrombocytopenia,

less than three lymphoid areas involved
B No anemia, no thrombocytopenia,

more than three lymphoid areas involved
C Anemia (Hb < 10.0 g/dl) and/or

thrombocytopenia (platelets < 100 x 10°/1)

* The Binet staging system evaluates enlargement of the fol-
lowing: lymph nodes (whether unilateral or bilateral) in the
head and neck, axillae, and groin; spleen; and liver.

(100)
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patients with the lowest stage of disease have a predicted survival of over 10 years (102).
Due to the variable clinical course of the disease however, the staging system cannot be
used solely to predict the rate at which the disease will progress and prognostic factors

are used to aid in the identification of high risk patients.
1.5.4 Prognostic Factors

Due to the indolent clinical course of many CLL patients the ability to identify patients
who are at risk of early disease progression is an important step in formulating treatment
regimens. Some of the factors used to predict the prognosis of a patient include: (1)
patient characteristics, such as age and gender; (2) laboratory parameters, such as
lymphocyte count, lymphocyte doubling time, lactate dehydrogenase elevation; (3) serum
markers, such as serum beta-2 microglobulin, soluble CD23, or thymidine kinase, and (4)
genetic markers of tumour cells, such as genomic aberrations (such as p53 deletion),
mutational status of immunoglobulin heavy chain gene, or surrogate markers for these
factors such as CD38 expression and ZAP70 (zeta-associated protein) expression (see
Table 6) (100, 102, 103). A rapid doubling time is where the peripheral blood
lymphocyte count doubles in less than 12 months and patients with low doubling time
have a median survival of over 118 months whereas those with a rapid doubling time
have a median survival of 61 months (102). CD38 is a cell surface molecule. It is
expressed on leukemic cells in patients who develop early CLL progression and is also
associated with a poor response to fludarabine (102). A level of CD38 expression in more
than 30% of CLL cells indicates a poor prognosis and correlates with an absence of IgVy
mutation (102). The absence of a mutation in the immunoglobulin heavy chain (IgVn)

has long been associated with a high
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Table 6

Prognostic factors in Cl

30]

Prognostic factor

Clinical risk

Low High

Major

Patient gender Female Male

Clinical stage Binet A Binet B or C
Rai O, I Rai II, III, IV

Pattern of bone marrow
biopsy infiltration

Lymphocyte morphology

Lymphocyte doubling time

CD38 expression

Genetic abnormalities

Serum thymidine
kinase levels

IgVH gene status

ZAP-70 expression

Others
Beta-2-microglobulin

Soluble CD23 levels

Non-diffuse

Typical

>12 months
<20-30%
None

del 13q (sole)

Low

Mutated
Low

Low
Low

Diffuse

Atypical

<12 months
>20-30%

del 11923
Loss/mutation
of p53

High

Unmutated
High

High
High

(100)



risk for early disease progression but there is not a readily available test. However,
associated with this mutation is the high expression of ZAP70, an intracellular signaling
molecule (100, 102, 103). There is a commercial kit available to test for ZAP70, which
serves as a surrogate marker for a lack of IgVy mutation, but so far has not been proven
to work. Several cytogenetic changes have been associated with a decrease in survival for
CLL patients whereas others were associated with a more favourable survival rate. The
most unfavourable deletion is 17p (loss of p53 gene), with a median survival of 32
months, possibly due to the patients being refractory to treatment (102, 104). Deletion of
11q22-23 is also unfavourable, with a median survival of 79 months, and is commonly
seen in younger patients (102, 104). The more favourable changes include deletion of
13q14, usually associated with benign disease, CD38- cells, and with a median survival
of 133 months. The median survival of patients with trisomy 12 is 114 months, although
it is still associated with a higher rate of cell proliferation and CD38 positivity (102, 105).
The unfavourable changes occur more frequently in unmutated Vy tumor cells whereas
the more favourable changes seem to occur more frequently in the Vy mutated cells
(103).

1.5.5 Treatment

Even with the development of new therapies for the treatment of CLL, it remains an
incurable disease with varying prognosis. Due to the fact that CLL is generally a slowly
progressing disease, most patients are monitored for years before requiring treatment or
never require treatment at all. However for those that require treatment, standard
therapies include the nucleoside analog fludarabine (FLU) and the alkylating agent

chlorambucil (CLB). Chlorambucil alkylates DNA, RNA and cellular proteins resulting
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in the activation of caspases and the induction of apoptosis (106). Fludarabine is
dephosphorylated in the plasma from F-ara-AMP to F-ara-A. Following cellular uptake it
is phosphorylated to F-ara-ATP, which produces DNA breaks resulting in the activation
of caspase 9 and the subsequent induction of apoptosis (107-109). Although patients
initially respond to this therapy, most eventually develop drug resistance (11). Therefore
understanding the mechanism of CLB and FLU-induced apoptosis will aid in developing
more targeted therapies for CLL patients.

TRAIL is expressed on the surface of many cancer cells, including leukemia cells, and
has been suggested as a new therapy for treatment of cancers, although it is ineffective at
inducing apoptosis in CLL cells (11, 110). However, a synergistic apoptotic response
does result when CLL cells are treated with both TRAIL and either CLB or FLU (11).
The resulting apoptotic response could be due to the increase in DR4 and DR5 mRNA,
protein, and cell surface expression levels that occur when CLL cells are treated with
CLB or FLU (11). Of note is the fact that CLB and FLU do not affect the expression of
DR4 or DRS in normal lymphocytes (11). Inhibiting TRAIL from interacting with DR4
and DRS5 leads to a decrease in the CLB- and FLU-induced apoptosis in CLL cells,
showing the involvement of TRAIL in the mechanism of action of chemotherapy (11).
New therapeutic approaches are desperately needed for CLL patients, as the overall
survival has not improved significantly despite new therapeutic agents, especially for
those patients with clinical resistance to fludarabine or mutations of p53 (110). Studies
have shown that TRAIL-induced apoptosis in cancer cells is achieved by signaling

through DRS5 as opposed to DR4 (110). The reason for studying the regulation of DR5
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expression in CLL cells is that understanding this regulation will aid in sensitizing CLL

cells to TRAIL-induced apoptosis.
1.5.6 Defect(s) of Apoptosis in CLL

One of the hallmarks of B-cell CLL is the accumulation of mature B-cells, due to their
ability to escape programmed cell death and undergo cell cycle arrest in the Gy phase
(101). There are several molecular defects, such as over-expression of Bcl-2 family
members and mutations of p53 gene, and chromosomal abnormalities, such as trisomy
12, 13q14 deletion, 11q deletion, and 17p deletions, that could be responsible for the
defects in apoptosis and therefore a poor prognosis (101). Bcl-2 may exert its anti-
apoptotic effect by inhibiting pro-apoptotic proteins such as Bax. Mcl-1 protein, another
member of the Bcl-2 family, has also been shown to affect apoptosis. Expression of Mcl-
1 was shown to be associated with resistance to fludarabine and chlorambucil therapy and
a low complete response rate (101). p53 is the most commonly mutated gene in human
cancers. Since p53 is important in the regulation of cell cycle arrest and apoptosis, a
mutation of the p53 gene is a good predictive marker for drug resistance and survival in

CLL. Mutations of the p53 gene occur in approximately 10-20% of CLL patients (101).

1.5.7 Lysophosphatidic acid (LPA)

LPA is a naturally occurring phospholipid present in serum at concentrations of 2-20 uM,
but the serum level becomes increased in tumor-bearing patients (111, 112). It was
initially identified as an intermediate in a de novo lipid biosynthesis pathway (113). It
 exhibits pleiotrophic biological activities by interacting with 4 specific cell-surface G
protein-coupled receptors of the endothelial differentiation gene (EDG) subfamily;

LPAI1/Edg-2, LPA2/Edg-4, and LPA3/Edg-7, and LPA4 (112-114). LPAT1 receptor is the
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most widely expressed of the four receptors, due to the other three receptors having
restricted patterns of expression (113, 114). LPA can stimulate cellular proliferation,
platelet aggregation, smooth muscle cell contraction, and tumor cell invasion (113). LPA
is found in high concentrations in the ascitic fluid and plasma of ovarian cancer patients
(112). LPA signaling has been shown to be involved in the initiation, progression, and
metastasis of ovarian cancer (114). Poor prognosis in ovarian cancer patients with high
levels of LPA may be due to its ability to increase ovarian cancer cell proliferation by
directly increasing the level of cyclin D1 and thereby inducing proliferation and
protecting the cells from apoptosis (112, 114). LPA has also been shown to facilitate
tumor angiogenesis by increasing the production of potent gfowth factors, such as VEGF
and IL-8 (114). Tumor angiogenesis is essential for tumor growfh and is induced by the
binding of vascular endothelial growth factor (VEGF) to one of its two receptors, Flt or
KDR (112). Cancer patients have increased levels of serum VEGF and elevated levels of
VEGF mRNA have been observed in the majority of human cancer cells (112). LPA has
also been shown to induce survival effects in a prostate cancer cell line through the
activation of both Akt and NFkB (115). LPA can also effectively block TRAIL/death
receptor-induced apoptosis through the suppression of caspase-8 activation and
mitochondrial cytochrome c release by increasing cFLIP expression and Bad
phosphorylation (111, 113). All of these data indicate that LPA acts as a general survival
factor. The importance of LPA to this study is the fact that it has been shown to protect
cells against TRAIL-induced apoptosis and, more specifically, that LPA protects primary
CLL cells from spontaneous, fludarabine-, chlorambucil-, and etoposide- induced

apoptosis (111, 113). This effect could be due to the increased expression of LPA1
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receptors in primary CLL cells compared to normal B-cells. Thus, LPA is a survival
factor for primary CLL cells and may be responsible for the decreased apoptosis in these
cells. This provides us with a means of looking at the effect of LPA/survival using

primary CLL cells.

45



2. MATERIALS AND METHODS

2.1 REAGENTS

All laboratory chemicals were ordered from Sigma-Aldrich Chemicals (Sigma-Aldrich
Ltd., Oakville, Ontario, Canada) unless otherwise noted. All solutions, buffers, and
bacterial media were prepared using distilled deionized water (ddH,0) and sterilized by
autoclaving prior to use.

2.1.1 Antibodies

Rabbit polyclonal antibody against acetyl-histone H3 (Upstate Cell Signaling Solutions,
New York, USA) was used for western blot (1:3000), immunohistochemistry (1:500),
and ChIPs (3pg). Rabbit polyclonal against histone H3 (Cell Signaling Technology,
Danvers, Massachusetts, USA) was used for western blots (1:3000). Rabbit polyclonal
antibody against phosphorylated NFxB p65 (RelA) (serine 529) (Rockland Inc.,
Gilbertsville, Pennsylvannia, USA) was used for western blots (1:1000). Rabbit
polyclonal antibody against DR5 (Medicorp, Montreal, Quebec, Canada) was used for
western blots (S0uL in SmL). Rabbit polyclonal antibody against dimethyl-histone H3
(lysine 79) (Upstate Cell Signaling Solutions, New York, USA) was used for western
blots (1:1000) and immunohistochemistry (1:500). Rabbit polyclonal antibody against
phospho-histone H3 (serine 10) was used for western blots (1:200) and
immunohistochemistry (1:500). Rabbit polyclonal antibody against NFK_B p65 (Rel A)
(Santa Cruz Biotechnology Inc., California, USA) was used for western blot (1 :200) and
ChIPs (3ug). Rabbit polyclonal antibody against p53.(Sigma-Aldrich Ltd, Ontario,
Canada) wés used for ChIPs (3pug). Rabbit polyclonal antibody against HDAC1

(Cedarlane Laboratories Limited, Ontario, Canada) was used for ChIPs (3pg) and
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western blot (0.5pug/mL). Rabbit polyclonal antibody against p300 (Santa Cruz
Biotechnology Inc., California, USA) was used for ChIPs (3pg). Goat anti-rabbit
horseradish peroxidase (1:3000) and enhanced chemiluminescence developing reagents

were used to detect the immunoreactive bands.

2.1.2 Drug Preparation

2.1.2.1 Epidermal Growth Factor (EGF) — 1mg/mL

First we made a BSA/Acetic acid buffer by combining SmL of 10M acetic acid with
0.05g of BSA. We filter sterilized this buffer in the fumehood by passing the solution
through a 0.2puM syringe filter (Corning Inc., Corning, New Jersey, USA) into a 15mL
centrifuge tube (BD Biosciences, Mississauga, Ontario, Canada). Still in the fumehood
and on ice we add 200pL of sterilized BSA/Acetic acid solution to the vial of thEGF
(0.2mg) and mixed until the powder dissolved. We then aliquoted the drug into sterilized
eppendorf tubes and stored at -20°C.

2.1.2.2 Etoposide (100mM) and Fludarabine (100mM)

We resuspended both fludarabine and etoposide in the appropriate amount of DMSO.
Etoposide was stored at 4°C and fludarabine was aliquoted into sterilized eppendorf tubes
and stored at -20°C.

2.1.2.3 Chlorambucil (5mM)

First we made acidified ethanol by making up 0.1N HCI using ethanol, this solution can
be stored at room temperature. We then dissolved 1.52mg of chlorambucil in ImL of

acidified ethanol. This solution can stored at 4°C but is only good for one day.
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2.1.2.4 Lysophosphatidic Acid (300uM)

We resuspended a Smg vial of lysophosphatidic acid in 35mL of 1xPBS and 0.035g of

BSA. We aliquoted this solution into sterilized eppendorf tubes and stored at -20°C.

2.1.2.5 SAHA (5mM)

We dissolve 1mg of SAHA (Cedarlane Laboratories, Limited, Ontario, Canada) in 740puL

DMSO. We aliquoted it into sterilized eppendorf tubes and stored at 4°C.

2.1.3 Plasmids

The DRS promoter-intron DNA in PGL3 plasmid was provided by T. Sakai (Kyoto
Prefectural University of Medicine, Japan). The following primers were used to generate
the vectors for:

DRS promoter intron and to introduce mutations in the NFxB and p53 binding sites (14)
5" GGGAGATCTCCTGAGGTGGGAGTATCGCTTG 3°

5> GGGAAGCTTACGCAGCTTACTCGGGAATTC 3°

NFkB binding site point mutations

5" GGGAGATCTCCTGAGGTGGGAGTATCGCTTG 3’

5" GGAAGCTTACGCAGCTTACTCGGTAATTACT 3’

p53 binding site point mutations

5" GCGGGAATATCCGGGCAAGA 3’

57 CGTCTTGCCCGGATATTCCC 3°
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2.2 GROWTH MEDIA

2.2.1 Bacterial Media

All bacterial cultures were grown in standard Luria Bertani broth. Commercially
available pre-mixed powder for Luria Bertani (LB) broth from Difco Laboratories
(Detroit, M1, USA) was dissolved in the required amount of distilled deionized water
(ddH0) and autoclaved at 120°C for 20 minutes. The LB broth was stored at 4°C until
required and was supplemented with ampicillin at a final concentration of 50ug/mL prior

to use.

2.2.2 Tissue Culture Media

Dulbecco’s Modified Eagle Media (DMEM, GIBCO BRL Life Technologies) and o-
minimal essential medium (a-MEM, GIBSO BRL Life Technologies) were made
according to manufacturers’ instructions. The pH was adjusted to read between 7.0 to 7.2
using concentrated HCI. Both media were filter sterilized in the culture hood, using a
75mm Nalgene bottle-top filter, into autoclaved sterile glass bottles. Media was stored in
the dark at 4°C. Serum Free Hybridoma media was ordered from Invitrogen (Burlington,

Ontario, Canada) and used for primary CLL cells.

2.3 TISSUE CULTURE CELL LINES

Human Embryonic Kidney cell line (HEK) 293, HEK293 Vector alone, and HEK293
AlkB cell lines were maintained in DMEM supplemented with 10% volume/volume (v/v)
Bovine Calf Serum (BCS) (Gibco BRL Life Technologies, Burlington, Ontario, Canada),

100 units/ml penicillin, 100 pg/ml streptomycin (Gibco BRL Life Technologies,
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Burlington, Ontario, Canada). Cells stably expressing vector alone (pcDNA3), AlkB were
under selection with 1.5 mg/ml G418 (Gibco BRL Life Technologies, Burlington,
Ontario, Canada) at 37°C and 5% CO,. The MCF-7 breast cancer cell line was
maintained in o-MEM supplemented with 10% Fetal Calf Serum v/v (FCS), 100 units/ml
penicillin, 100 pg/ml streptomycin, 100mM sodium pyruvate, and 50mM HEPES (all
from Gibco BRL Life Technologies, Burlington, Ontario, Canada). The 3T3-Murine
Embryonic Fibroblast (MEF) cell line was maintained in DMEM media supplemented
with 10% v/v BCS, 100 units/ml penicillin, and 100 pg/ml streptomycin. All cell lines

were grown in humidified incubators in the presence of 5% CO; at 37°C.

2.4 PERIPHERAL BLOOD COLLECTION AND SEPARATION
2.4.1 Patient Recruitment and Collection of Peripheral Blood Samples

CLL patients were consented to donate blood for research by Donna Hewitt, a research
nurse working for the Manitoba CLL Tissue Bank. Blood was collected by venipuncture
into 16x100nm vacutainers containing 143 USP of sodium heparin (BD Biosciences,
Mississauga, Ontario, Canada) by the staff in The Department of Hematology, on the first
floor CancerCare Manitoba (Winnipeg, Manitoba, Canada). If possible 60 cc of blood
was collected per patient but the volume collected was dependent on the patient’s
lymphocyte count.

2.4.2 Collection of Normal Control Peripheral Blood Samples

Normal donor blood samples were collected from healthy normal volunteers. These
volunteers were consented to donate blood for research by Donna Hewitt, a research

nurse working for the Manitoba CLL Tissue Bank. Blood was collected by venipuncture
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into 16 x 100nm Vacutainers containing 143 USP of sodium heparin (Becton Dickenson
and Company) and mixed gently by inversion to dispense the heparin and prevent the
blood from clotting. Donors ranged from the age of 26 to 49 years of age and included
males and females. All normal donors were healthy at the time of donation and had

lymphocyte counts <5.0 x 10° cell/L.
2.4.3 Peripheral Blood Separation

The vacutainers were centrifuged at 1500rpm for 10 minutes at room temperature in a
bench-top Damon/IEC, model# HN-SII centrifuge (Needham Heights, Massachusetts,
USA) to separate the plasma from the cells. The buffy coat, containing lymphocytes,
monocytes, neutrophils, and contaminating red blood cells, was transferred to a sterile
50ml Corning tube (Sigma-Aldrich Ltd., Ontario, Canada) using a sterile pasteur pipette.
For patients whose white blood cell count was between 10-40 x 10° cells/L, the T cells
and monocytes were removed by adding 40ul of Rosette Sep B cell enrichment cocktail
(Stem Cell Technologies, Vancouver, BC, Canada). The mixture was then incubated for
30 minutes with gentle agitation after every 10 minutes. An equal volume of sterile
Hank’s Buffered Saline Solution (HBSS) (GIBCO BRL Life Technologies, Burlington,
Ontario, Canada) was added to the mixture. Into a sterile 15mL tube, Sml of Ficoll-Paque
(GE HealthCare BioSciences Inc., Baie d’Urfe, Quebec, Canada) was added to the
bottom of the tube and 7-8ml of the buffy coat mixture was carefully layered overtop of
the ficoll. The Ficoll-Paque density gradient was then centrifuged at 1500rpm for 30
minutes at room temperature in a bench-top Damon/IEC, model# HN-SII centrifuge
(Needham Heights, Massachusetts, USA) to séparate the lymphocytes and monocytes,

which remain in the interphase, from the neutrophils and contaminating red blood cells

51



that pass through the Ficoll-Paque. The lymphocytes and monocytes were then collected
from the interphase using a sterile pasteur pipette and placed in a sterile 50mL Corning
tube. The B cells were then washed with an equal volume of HBSS and centrifuged again
at 1500 rpm for 10 minutes at room temperature. To lyse any remaining red blood cells,
5ml of ACK lysis buffer (0.15M ammonium chloride (NH4CI), 7.2mM potassium
carbonate (KHCOs ), 0.1 1mM sodium ethylenediaminetetraacetic acid (Na;EDTA),
pH7.4) was added and the cells incubated for 10 minutes at room temperature followed
by centrifugation at 1500 rpm for 10 minutes at room temperature. This was repeated
until the pellet no longer had a red tinge. The cells were again washed by resuspending
the pellet with 5-10ml of HBSS and centrifuging at 1500 rpm, 10 minutes, room
temperature. The pellet was then resuspended in 5-7ml of HBSS and the cell amount
determined via coulter counter (Beckman Coulter Z2). The appropriate number of cells

was then plated with hydridoma serum free media.

2.5 TREATMENT OF CELL LINES AND PRIMARY CELLS

2.5.1 Treatment of Cell Lines

HEK 293 cells were grown to 80% confluency before treatment. Cells were split 24 hours
before treatment. Cells were treated with Etoposide (100mM), EGF (1mg/mL), or TSA
(45nM) directly into the culture media and then returned to the incubator, 37°C and
5%CO0,, for the indicated amount of time. -

2.5.2 Treatment of primary CLL cells

Isolated B lymphocytes from patient samples were plated in hydridoma, serum-free,

media at a concentration of 1x10% cells per plate. The cells were left overnight at 37°C,
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5%COs. Cells were then treated with 10pM chlorambucil, 10uM fludarabine, 10uM
LPA, or 5uM SAHA. In combination studies, cells were first treated with LPA and one

hour later treated with either SAHA or fludarabine.

2.6 PLASMID PREPARATION (QIAGEN KIT)

We use the Q1 Aprep Spin Miniprep Kit (Cat# 27106). Firstly, starter cultures are made
by adding, using sterile methods, a loopful of glycerol stock, stored at -80°C, to SmL of
LB broth and 5pL of ampicillin (50mg/mL) and growing the culture for 4 hours at 37°C
on a shaker. After the 4 hours we inoculated 500mL of LB broth with 500uL of
ampicillin and the starter culture and grew this overnight at 37°C on a shaker. The next
day we divided the culture into large 300mL centrifuge tubes and centrifuged them for 30
minutes at 6000 x g, 4°C on a Sorvall RC5C centrifuge with a GS-3 rotor. We then
remove the supernatant and resuspend the pellet in 10mL of Buffer P1. We transfer the
suspension to smaller centrifuge tubes and add 10mL of Buffer P2. We mix the
suspension by inverting 4-6x and incubate the tubes for 5 minutes at room temperature.
We then added 10mL of chilled Buffer P3 and mixed by inverting 4-6x. We incubated
this mixture on ice for 20 minutes and then centrifuged for 30 minutes at 20 000xg, 4°C
on a Sorvall RC5C centrifuge in a SS34 rotor. We transferred the supernatant to a new
tube and centrifuged again for 15 minutes at 20 000xg, 4°C in the same centrifuge and
rotor. We used the provided column and applied 10mL of Buffer QBT followed by the
supernatant from the last spin. We then washed the column twice with 30mL Buffer QC
for each wash and eluted the DNA with 15mL of Buffer QF, collecting the flow through

in glass centrifuge tubes. We precipitated the DNA by adding 10.5 mL of room
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temperature isopropanol and centrifuging for 30 minutes at 15000xg, 4°C in a Sorvall
RC5C centrifuge in an SS34 rotor. We carefully decanted the supernatant and washed the
pellet with SmL of room temperature 70% ethanol and centrifuged for 10 minutes at
15000xg, 4°C in the same centrifuge and rotor. We decanted the supernatant and dried
the pellet upside down for 5-10 minutes. We re-dissolved the pellet in 100-300uL. TE

buffer pHS8 and stored at -20°C.

2.7 TRANSFECTION

2.7.1 Transient Transfection: Lipofectamine method

In preparation for transient transfection, HEK 293 cells were plated in 100mm plates until
they reached 50-80% confluency. Cells were transfected using the polycationic lipid
LipofectAMINE reagent (Invitrogen, Burlington, Ontario, Canada). For each transfection
2ug of the desired plasmid and 0.2pg of the plasmid monitoring for transfection
efficiency (B-galactosidase in pcDNA3) were diluted in 800ul of plain DMEM in an
eppendorf tube. In another tube, 24l of lipofectamine reagent was diluted in 800l of
plain DMEM. The diluted DNA was added to the lipofectamine reagent, dropwise. The
DNA-liposome complexes were allowed to form for 30 minutes at room temperature. An
additional 3.4ml of plain DMEM was added to the lipofectamine/DNA mixture. Cells
were washed twice with plain DMEM and then the now 5ml transfection mixture was
laid on cells. After incubating the cells for 5 hours at 37°C, 5ml DMEM / 20% BCS was
added to the plate and then incubated a further 19 hours at 37°C, 5% CO,.

The cells were then cultured and treated as required for luciferase activity.
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2.7.2 Transient Transfection: Geneporter 2 method

In preparation for transient transfection, MCF-7 cells were plated in 100mm plates until
they reached 50-80% confluency. Cells were transfected using the gene porter 2 reagent
(Gene Therapy Systems, California, USA). For each transfection 2pg of the desired
plasmid and 0.4pg of the plasmid monitoring for transfection efficiency (B-galactosidase
in pcDNA3) were diluted in 50pl Diluent B in an eppendorf tube. In a separate tube, 10ul
of Gene Porter 2 reagent was diluted in 40ul of plain DMEM. Both tubes were incubated
at room temperature for 3 minutes. The Gene Porter 2 mixture was then added to the
DNA mix and left standing at room temperature for 10 minutes. Cells were washed twice
with plain DMEM and subsequently the DNA mix was added to the plate. The plate was
incubated for 4 to 5 hours at 37°C, 5% CO,. After adding 2ml of 20% FBS in DMEM,
the plate was incubated for a further 19 hours at 37° C, 5% CO,. The cells were then
cultured and treated as required for luciferase activity.

2.7.3 Transfection with siRNA

HEK?293 cells were plated in 6 well dishes and grown to 60% confluency. 3.5ug siRNA
against p53 (Upstate Cell Signaling Solutions, New York, USA) was diluted into 100ul
of media. Six ul of RNAiFect Transfection reagent (Qiagen) was added to siRNA and
incubated at room temperature for 10 minutes. The formed complexes between the
reagent and siRNA were then added dropwise to the cells. The cells were then incubated
with the transfection complexes under normal tissue culture conditions overnight. As
controls, scrambled siRNA was used as described above. The cells were then treated and
used for chromatin immunoprecipitation assays and western blots, as described in

sections 2.9 and 2.10, respectively.
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2.8 LUCIFERASE ASSAY

2.8.1 DR5-Luciferase Assay

Transfected cells were lysed in a passive lysis buffer (Promega Madison, WI, USA) for
15 minutes at room temperature with shaking. Cells were then removed from the plate
and centrifuged for 10 minutes at maximum speed at room temperature in an eppendorf
5810R centrifuge. The supernatant was transferred to a fresh eppendorf tube and 20ul of
this lysate was added to a 96 well plate. We used an Lmax luminometer (Molecular
Devices Corporation, California, USA) and prepared it for measuring the lysate. We
sterilized the machine by pumping 70% ethanol into the machine for 20 cycles and letting
it sit for 30 minutes. We then washed the lines out with water 6 times for 99 cycles. We
primed the line with substrate for 7 cycles and then the lysate in each well was measured
for 10 seconds as relative light units (other settings were 100uL injector volume, do not
pre-read wells, and a post-injection delay of 2 seconds). Luciferase activity was
normalized to B-GAL activity and subsequently presented as luciferase units. After the
measurements were taken the injectors were reversed for 7 cycles and then the lines were
washed 6 times for 99 cycles with water.

2.8.2 B-galactosidase assay

Using transfected cells, added 50pl of lysate per well of a 96 well plate as well as 50ul of
2X assay buffer (200mM sodium phosphate buffer pH7.3, 2mM MgCl,, 100mM B-
mercaptoethanol, 1.33 mg/mL ONPG) . The plate is then incubated in the dark for 30
minutes at 37°C. The plate is then measure for f-GAL activity at 414nm on a Titertek
Multiskan MCC/340 colorometer and the reading is used to normalize the luciferase

activity readings.
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2.9 CHROMATIN IMMUNOPRECIPITATION ASSAY (ChIPs)

2.9.1 Protein A Sepharose Bead Preparation

To begin, 0.1g of dry protein A sepharose beads (CL-4B, Amersham, Piscataway, New
Jersey, USA) were resuspended in 10mL ddH,0 in a 15mL tube. The suspension was
incubated for 30 minutes on an orbitron at room temperature and then centrifuged at
2000rpm for 5 minutes at room temperature in an Eppendorf 5810R centrifuge. The
supernatant was removed and the beads were resuspended in 10mL dilution buffer
(100pL of 10% SDS, 960uL of 0.5M EDTA, 1.67mL of 1M Tris pHS, 1.1mL of Triton
X-100, 4.18mL of 4M NaCl, and ddH;0 to 100mL) and subsequently put on an orbitron
for 10 minutes at room temperature. The suspension was then centrifuged at 2000 rpm for
5 minutes at room temperature, in the same centrifuge as previous step, and the
supernatant again removed. The beads were resuspended in 100uL of 10 mg/mL BSA
and 1mL dilution buffer and the suspension transferred to an eppendorf tube and put on
an orbitron for 1 hour at room temperature. The tube was then centrifuged for 5 minutes
at maximum speed at room temperature. The beads were then washed by resuspending
them in 1ml of dilution buffer and left for half an hour at room temperature on an
orbitron. The suspension was finally centrifuged for 5 minutes at maximum speed, room
temperature, and the beads were resuspended in dilution buffer to a final volume of 1ml.

The beads were stored at 4°C until being used.
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2.9.2 Preparation of Cells for ChIPs

2.9.2.1 Cell Lines

Cell lines were grown in 100mm plates to 50-80% confluency before treatment. After
treatment cells were fixed, in order to cross-link proteins bound to DNA, by adding
formaldehyde to a final concentration of 1% and were put on shaker for 10 minutes at
room temperature. The formaldehyde solution was then sucked off and the cells were
washed three times with 1xPBS. The cells were removed from the plate in the PBS
solution by pipetting and scraping and then transferred to a 15mL tube. The tube was then
centrifuged at 1200 rpm for 5 minutes in an Eppendorf 5810R centrifuge and the
supernatant was subsequently sucked off. The pellet was resuspended in 1.5mL of lysis
buffer (10mL of 10% SDS, 8mL of 0.5M EDTA, 5mL of 1M Tris pH8, and ddH,0 to
100mL), 1.5uL PMSF (100mM), 10pL aprotinin, 10pL leupeptin (1mg/mL), and stored
at -80°C for a minimum period of overnight but can remain at -80°C until they are
sonicated. The frozen lysate of cross-linked protein was removed from the -80°C freezer
and thawed at room temperature on ice. The cell lysate was sonicated at 30% output on
ice for 4-20-second intervals on a Sonifier Cell Disruptor 350 (Branson Sonic Power Co.,
Conneticut, USA) with the end result being DNA fragments approximately 400-600bp in
size. After sonication the 300pL of lysate was removed for DNA extraction to make input
controls. The remaining lysate was centrifuged on Eppendorf 5810R for 8 minutes at
2000 rpm, 15°C and the supernatant was transferred to an eppendorf tube. The
approximate DNA concentration of the supernatant was measured using a DU 640

Beckman Coulter spectrophotomer with UV light (260nm). The sample was diluted and
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the machine was blanked in SM urea/2M NaCl. This supernatant was used for subsequent

ChlP assays but was stored at -20°C until time of use.
2.9.2.2 CLL PATIENT SAMPLES

Patient samples were added to 100mm plates at a concentration of 1 x 10® cells per plate
with 10mL of hybridoma serum free media. After treatment, cells were fixed in order to
cross-link proteins to bound DNA by adding formaldehyde to a final concentration of 1%
and shaking the mixture for 10 minutes at room temperature. The cells were then
removed from the plate in the formaldehyde-media solution by pipetting and scraping and
then transferred to 15mL tube. The suspension was then centrifuged for 5 minutes at
1200 rpm and the supernatant was subsequently removed. The pellet was washed three
times by resuspending in 8mL 1xPBS and centrifuging for 5 minutes at 1200 rpm in an
Eppendorf 5810R centrifuge, replacing with fresh 1xPBS after each spin. After the last
spin the pellet was resuspended in 1.5mL lysis buffer (see section 2.9.2.1), 1.5pL of
100mM PMSF, 10pL aprotinin, and 10uL leupeptin (1 mg/mL). It was stored at -80°C
for a minimum overnight period. The frozen lysate of cross-linked protein was removed
from the -80°C freezer and thawed at room temperature on ice. The cell lysate was
sonicated at 30% output on ice for 4-20-second intervals (see section 2.9.2.1). After
sonication the lysate was centrifuged for 8 minutes at 1200 rpm and the supernatant was
transferred to an eppendorf tube. The approximate DNA concentration of the supernatant
was measured using a DU 640 Beckman Coulter spectrophotomer with UV light. The
sample was diluted and the machine was blanked in 5M urea/2M NaCl. This supernatant

was used for subsequent ChIP assays but is stored at —20°C until time of use.
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2.9.3 ChIP Protocol

To begin, Sug of the prepared DNA lysate (determined by Ajg units), cross-linked to
protein, was precleared with protein A sepharose 4B by incubating at 4°C for 3 hours on
an orbitron. The mixture was then centrifuged at maximum speed on a Heraeus Biofuge
pico centrifuge for 5 minutes, at 4°C, and the supernatant was transferred to a new tube.
The lysate was then precipitated with one of the following primary antibodies: p65 (3ug),
p53 (2ug), acetylated histone 3 (3pg), HDACI (3.5ug), p300 (3png), or no antibody (as
negative control) overnight at 4°C on an orbitron. The next day the lysate was treated
with precleared protein A sepharose 4B beads to bind the Ab-protein-DNA complexes for
3 hours at 4°C. The beads + complex were then washed with low salt buffer (ImL of
10% SDS, 1.6mL of 0.5M EDTA, 2mL of 1M Tris pH8, ImL of Triton X-100, 3.75mL
of 4M NaCl, and ddH,0 to 100mL), high salt buffer (same as low salt buffer except
12.5mL of 4M NacCl), and LiCl buffer (0.25M LiCl, 1% NP-40, 1% SDC, 1.2mM EDTA,
1.67mM Tris-Cl pHS, in ddH;0) for 1 hour each at 4°C on an orbitron. The beads were
further washed twice with TE buffer (10mM Tris, ImM EDTA, pH 8.0) for 5 minutes at
4°C on an orbitron. The proteintDNA complex was then eluted from the beads by twice
treating with elution buffer for 15 minutes at room temperature on an orbitron,
centrifuging for 5 minutes at maximum speed on a Spectrfuge 16M centrifuge after each
wash and collecting the supernatant in a new sterilized eppendorf tube. The elutant was
then treated with 4M NaCl overnight in a water bath set at 68°C. To degrade the protein
from the protein + DNA complex, the elutant was treated with EDTA (10mM), Tris-HCI
pH6.5 (40mM), and proteinase K (40pg/pL) for 2 hours in 55°C water bath. To degrade

any RNA the elutant was then treated with RNase A for 1 hour in a 37°C water bath. An
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equal volume of phenol-chloroform-isoamyl alcohol (25:24:1) (25mL buffer-saturated
phenol, 24mL chloroform:isoamyl alcohol) was added and centrifuged at 13000rpm for
15 minutes at 4°C on a Heraeus Biofuge pico centrifuge. The top layer was carefully
removed to a new eppendorf tube and was then treated with glycogen carrier ( 10pg)
(GIBCO BRRL) and 100% cold ethanol and kept at -80°C for 2 hours. After pelleting the
DNA, it was resuspended in 70% ethanol (1mL) and then pelleted again. The DNA pellet
was then air-dried and resuspended in 10pL ddH,0. The DNA was analyzed using PCR
(94°C, 58.5°C, 72°C, each for one minute for a total of 35 cycles) using primers (10pmol,
Invitrogen) specific to exon-intron 1 of DRS (5’ACCCTTGTGCTCGTTGTC3’ and
S"TTCACGCAGCTTACTCGG3’). The PCR products were run on 1% agarose gels to

view the product.

2.9.4 DNA Extraction

DNA was extracted from a 300uL sample of the sonicated lysate used for ChIP assays.
The extracted DNA was used as input controls for the ChIP assays. To each 300uL
sample, we added 10pL of RNase A (10 mg/mL) and incubated for 2 hours in a 37°C
H20 bath. We then added 15uL of proteinase K (10 mg/mL) and incubated overnight in a
55°C H,0 bath. The next day we extracted the DNA by phenol-chloroform extraction. We
first added Buffer-saturated phenol in a 2:1 ratio (sample:phenol) and centrifuged for 15
minutes at maximum speed, 4°C, on a Heraeus Biofuge pico centrifuge. We then
transferred the top layer to a new eppendorf tube and added chloroform in a 1:1 ratio. We
again centrifuged for 15 minutes at maximum speed, 4°C, on a Heraeus Biofuge pico

centrifuge, and transferred the resulting top layer to a new eppendorf tube. We added
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20pL of 10M ammonium acetate and 1mL of 100% cold absolute ethanol and incubated
at -20°C for 1 hour. After the incubation we centrifuged for 20 minutes at maximum
speed, 4°C, on a Heraeus Biofuge pico centrifuge, and after decanting the supernatant,
resuspended the pellet in 1mL of cold 70% ethanol. We centrifuged this for 10 minutes at
maximum speed, 4°C, and sucked off the supernatant with gel tip. We let the pellet air

dry right side up and resuspended it in 10pL of ddH;O. The product was stored at -20°C.

2.10 WESTERN BLOT

2.10.1 Preparation of Protein Samples

Cells were lysed using a NP40 buffer containing 50mM HEPES pH 7.25, 150mM NacCl,
50uM NaF, 2mM EDTA, 1mM Na vanadate, 1% NP-40, 2mM phenylmethylsulfonyl
fluoride. Cell debris was removed by centrifugation at 1200 rpm for 5 minutes on a
Spetrafuge 16M centrifuge and protein concentration was determined by the Bradford
assay. We mixed 2uL of sample with 2mL of Protein Assay Reagent (BioRad,
Mississauga, Ontario, Canada) and based on a standard curve determined the protein
concentration of the sample on a DU 640 spectrophotometer using visible light (595nm).

2.10.2 SDS-PAGE Gel and Transfer to Nitrocellulose Membrane

Western blot analysis by sodium dodecy! sulfate (SDS) polyacrylamide gel
electrophoresis (PAGE) was used to identify proteins in cell lysates using specific
antibodies. Each sample (5pg to 20pg) of cell lysate was separated using a Mini-
'PROTEAN 3 electrophoresis cell (BioRad, Mississauga, Ontario, Canada), running at

100V through a 5Smm 10% SDS-polyacrylamide gel in running buffer. To transfer the

62



proteins to a nitrocellulose membrane , the gel, the membrane, and filter papers were
soaked in transfer buffer (3.03g Tris Base, 14.4g glycine, 800mL ddH,0, 200mL

methanol), layered in a transfer apparatus, and run at one amp for 45 minutes.

2.10.3 Blocking of Membrane and Probing with Antibodies for Protein

Detection

The membrane was then blocked with Tris buffered saline-Tween20 solution (TBST;
100mL TBS, 900mL ddH,0, 1.5mL Tween 20) containing 5% powdered skim milk for 1
hour at room temperature. The membrane was incubated overnight at 4°C with the
appropriate antibody diluted with blocking buffer. After the removal of the primary
antibody solution, the membrane was washed for 30 minutes in TBST with agitation,
changing the buffer every 5 minutes. The membrane was then incubated in blocking
buffer containing the appropriate secondary antibody conjugated with alkaline
phosphatase for 1 hour at room temperature. After removal of the secondary antibody
solution, the membrane was washed for 30 minutes in TBST with agitation, changing the
buffer every 5 minutes. The membrane was then developed using enhanced
chemiluminescence as described by the manufacturer (ECL, Amersham Pharmacia
Biotech). The membrane was exposed to X-ray film for desired length of time and

processed in a tabletop automated developer (AGFA model# CP1000).

2.11 ACID-UREA GEL SEPARATION OF ACID-EXTRACTED

HISTONES
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2.11.1 Total Histone Preparation

Cells were taken off plate via pipetting and scraping and pelleted by centrifugation at
1200rpm, 8 minutes, 15°C in an Eppendorf 5810R centrifuge. Each pellet was
resuspended in 1.5ml of TNM buffer (10mM Tris-HCI pH8.0, 100mM NaCl, 2mM
MgCl,, 300mM Sucrose, 1% Thiodiglycol v/v), 10pl of 100mM PMSF, 10ul of 1mg/ml
leupeptin, and 10ul of aprotinin. The mixture was then homogenized by passing it
through a SmL syringe attached to a 22g needle (Becton Dickenson, Mississauga,
Ontario, Canada) 5 times and the resulting mixture was split into 2 eppendorf tubes. Each
tube was diluted with 19ul of NP-40 and centrifuged at 4000rpm, 10 minutes, 4°C. Each
pellet was resuspended in 750pl of TNM buffer and 5ul of 100mM PMSF and then
centrifuged at 4000rpm, 10 minutes, 4°C. Each resulting pellet was resuspended in 750pl
of RSB buffer (10mM Tris-HCI pH7.4, 3mM MgCl,, 10mM NaCl) and 5pl of 100mM
PMSF and then 42ul of 4N H,SO, was added. The samples were incubated on ice for 20
minutes and then centrifuged for 20 minutes at 10 000rpm, 4°C on a Heraeus Biofuge
pico centrifuge. They were then dialyzed overnight in 6000-8000 molecular weight
dialysis tubing against 4L of 0.1N glacial acetic acid. The next day the dialysis buffer
was changed to ddH»0 and the water was subsequently changed for fresh ddH,0 twice
over the next 36 hours. The samples were then removed from the tubing into eppendorf
tubes and frozen at —80°C overnight. The samples were Yhen lyophilized (Thermo Savant
modulyo D) and resuspended in 50ul ddH,0, and the protein concentration was calculated

using the Bradford assay.
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2.11.2 Acid-Urea Gel Separation

2.11.2.1 SOLUTIONS

The following stock solutions were made ahead of time. They were stored in brown
bottles at 4°C for up to 2 months.

TEMED/Acetic acid Stock: 4% TEMED, 43.1% Acetic acid

30% Acrylamide Stock (BioRad): 29.2% acrylamide, 0.8% bis-acrylamide

Riboflavin Stock: 0.004% riboflavin in ddH,O

Potassium Acetate stock: 17.2mL glacial acetic acid, add ddH,O to 90mL, titrate to pH
4.0 with KOH, and add ddH,0 to 100mL

The components of the stacking gel and separating gel are as follows:

Stacking Gel (8mL): 2.88g Urea , 1.6mL acrylamide stock, 2.33mL potassium acetate
stock, 800pL riboflavin stock, 80pL thiodyglycol, 80puL. TEMED, and ddH,O to 8mL.
Separating Gel (19.4mL): 7.2g Urea, 10mL acrylamide stock, 2.5mL TEMED/acetic acid

stock, 2mL riboflavin stock, 200uL thiodyglycol, and ddH,O to 19.4mL.

2.11.2.2 POURING OF GEL

First, we prepare the separating gel as follows, we add the acrylamide stock to a 30mL
beaker on a stir plate. We then add the urea slowly with constant stirring, along with
TEMEDYacetic acid, riboflavin stock, and a little ddH,O. Once dissolved, we measure out
the remaining ddH,O to make the volume up to 19.4mL and add the thiodiethyleneglycol.
We pour approximately 17.5mL of this separating gel solution in between glass plates of
a large BioRad PROTEAN II xi electrophoretic cell set-up, using 0.75mm spacers. We
overlay the separating gel with 70% ethanol and polymerize the gel between two light

boxes for 3-4 hours. Once polymerized we pour off the ethanol and rinse the space
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between the glass plates with water. We prepare the stacking gel by adding the
ingredients in the same order as done in preparing the separating gel. We pour the
stacking gel between the glass plates to the top of the plates and insert the comb (15
wells). We polymerize the gel between two light boxes for 3-4 hours. Once polymerized
we cover the top of the gel apparatus with damp paper towels and wrap the entire

apparatus with saran wrap. We stored the gel overnight at 4°C.
2.11.2.3 PREPARATION OF SAMPLES FOR GEL

The following solutions are used to prepare the samples and are stored at -20°C :

Sample Buffer: 6M urea, 5% acetic acid, 12.5mg/mL protamine sulfate, 0.2% pyronin Y,
30% sucrose, in ddH,0.

Reducing Mix: All ingredients are in 1/1/1/1 ratio by volume, 2-mercaptoethanol, 20%
(w/v) cysteamine, ddH,0, and 1M Tris-HCI pH 8.8.

We prepare the samples the day we are going to run them on the gel, a good time is when
the running apparatus is cooling down. We first add 4pL of reducing mix to SuL of
sample and incubate the mixture at room temperature for 20 minutes. We then added
6.7uL of sample buffer and 4.3puL of ddH,O. We can adjust the volumes of reducing mix,
sample buffer, and ddH,O to the desired volume of sample but must keep the proportions
the same as described above. We ran 25ug of sample and also ran a blank, as a control,
which contained the only master mix; 9.3uL of ddH,O, 4puL reducing mix, and 6.7uL
sample buffer. Keep samples on ice until ready to load.

2.11.2.4 RUNNING AND TRANSFER OF ACID UREA GEL

We place 3L of running buffer (52mL of glacial acetic acid per IL of ddH,0) in the gel

apparatus (PROTEAN II xi cell electrophoresis, BioRad, Mississauga, Ontario, Canada).
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We remove the gel made the day before from the saran wrap and rinsed out the wells
with running buffer. We placed the gel in the apparatus being careful to avoid bubbles
and turned on the cooling system. We leave the entire system for 30 minutes to cool
down. Once the samples are prepared, and the system cooled down, we load them into the
wells using gel-loading tips. We run the gel at 250 volts for 36 hours.

Once the gel is finished running we transfer it to PVDF membrane, being careful when
moving the gel from the apparatus because it is very thin. We submerge the PVDF
membrane (BioRad) in methanol for 5-10 seconds, it will turn a grey color, and then -
place it in water until ready to use it. If the membrane loses its grey color you must re-
submerge it in methanol. We set up the transfer apparatus and transfer the gel to the
membrane as poéitive proteins, by reversing the electrodes (ie. black to red and red to
black). We transfer the blot for 1 hour at 24 volts, 1 amp in transfer buffer (0.7% acetic

acid, 10% methanol, 89.3% ddH,0).

2.11.2.5 BLOCK THE MEMBRANE AND PROBE WITH ANTIBODIES

We disassemble the transfer apparatus and allow the PVDF membrane to air dry. We
then block the membrane with Tris buffered saline-Tween20 (TBST) solution containing
5% powdered skim milk for 1 hour at room temperature on the orbitron. We probe the
membrane with blocking buffer containing primary antibody overnight at 4°C on an
orbitron. The next day we washed the membrane in 1xXTBST for 15 minutes at room
temperature on an orbitron. We continued to wash the blot three more times for 5 minutes
each, changing the buffer after each wash. We then probed the blot with a secondary
antibody, diluted in 5% skim milk, complimentary to the primary previously used. The

membrane was then incubated in blocking buffer containing the appropriate secondary
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antibody conjugated with alkaline phosphatase for 1 hour at room temperature on an
orbitron. We then washed it in the same way we washed the blot after probing with the
primary antibody. The membrane was then developed using enhanced
chemiluminescence as described by the manufacturer (ECL, Amersham Pharmacia
Biotech). The membrane was exposed to X-ray film for desired length of time and

processed in a tabletop automated developer.

2.12 IMMUNOHISTOCHEMISTRY (IHC)

2.12.1 Cytospinning of CLL Patient Cells

CLL cells are initially plated in 100mm plates, see Section 2.9.2.2., and treated, see
Section 2.5.2. We then remove the cells from the plate by pipetting up and down as little
as possible, without scraping, and transfer the cells to a 50mL Corning tube. We
centrifuge the cells for 5 min at 1200rpm, on an Eppendorf 5810R centrifuge, at room
temperature and suck off the supernatant. We resuspend the pellet in fresh hybridoma
media and then count the cells on the coulter counter (Beckman Coulter Z2). Once we
determine the concentration of cells in the media we want to load 3-4 x 10° cells into the
cytospin apparatus (ThermoShandon Cytospin 4). We spin the cells for 3 minutes at 200
rpm, room temperature, onto glass slides. We disassemble the apparatus and place the
slides in room temperature fixing solution (100mL 37% formaldehyde, 900mL 1xPBS).

We then store the cells in the fixing solution in the 4°C fridge.

2.12.2 Staining of Slides
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We remove the slides from the fixing solution and wash them 3 times for 5 minutes in
washing buffer (1xPBS, 0.1% NP-40) on an orbitron, changing to fresh buffer after each
wash. We diluted our primary antibody in 10% FBS, 0.1% NP-40, in 1xPBS, and kept
this on ice until we were ready to use it. We removed the slides from the washing buffer
and tapped off the excess buffer. We laid them in a humid chamber with wet blotting
paper and added 100 pL of the primary antibody dilution followed by a coverslip. We let
the slides incubate for 1 hour at room temperature. We then washed the slides 4 times for
5 minutes in fresh washing buffer, removing the coverslip after the first wash, on an
orbitron. We removed the slides from the washing buffer and tapped off the excess
buffer. We placed the slide in the same humid chamber used for the primary antibody.
We diluted our secondary antibody in 10% FBS, 0.1% NP-40, in 1xPBS, and added |
100uL of this dilution to the slide followed by a coverslip. We incubated the slides for 1
hour at room temperature in the dark. We again washed the slides 4 times for 5 minutes
in fresh washing buffer, removing the coverslip after the first wash, on an orbitron in the
dark. We removed the slides from the washing buffer, tapped off the excess buffer, and
laid them in a cardboard chamber. We added 10puL of DAPI + Antifade (V ectashield) to
the cells on each slide and covered with a small coverslip. We stored the slides in the

cardboard case at 4°C for no more than 4 weeks.
2.12.3 Fluorescence Microscopy and Deconvolution Analysis

Fluorescence images were captured on an AxioPhot II microscope (Carl Zeiss) with an
AxioHRm camera. The stack images of 80 optical sections with a step size of 200nm
were then deconvolved in three dimensions with the AxioVision 4.1 constrained Iterative

Algorithm (Carl Zeiss) (116).
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3. PROJECT HYPOTHESIS

1. The expression of death receptor 5 (DRS5) is regulated by NF-kappa B (NFxB)
and histone acetylation.

2. NFxB and histone acetylation may play an important role in regulating DR5
expression in chronic lymphocytic leukemia (CLL) cells.

3. Treatment of CLL cells with fludarabine (FLU) or lysophosphatidic acid (LPA)

lead to the expression of different histone modifications.
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4. RESULTS

4.1 DRS transcriptional activity requires NFxB activation:

Our lab has previously determined that blocking NF«xB activation with AlkB cells
prevents etoposide induced DRS expression. These AlkB cells sequester NFxB in the
cytosol thereby preventing them from translocating into the nucleus and being activated.
A putative NFkB binding site has been found in the first intronic region of the human
DRS5 gene and we therefore wanted to determine whether NFxB activation regulates DRS
transcriptional activity through this binding site. To do so we expressed the DR5
luciferase reporter gene containing the promoter and first intron region into HEK293 cells
stably expressing AlkB or in HEK293 cells expressing vector alone. The transcriptional
activity of the DR5 promoter in the AIkB expressing cells was repressed to near
background levels compared to that of the vector alone expressing cells which measured
above 30 relative luciferase units (Figure 7). To support these results, HEK293 cells were
transiently transfected with the DRS promoter and either vector alone or AIkB and
subsequently treated with etoposide for 4 hours. In the cells transfected with vector alone,
the DRS promoter activity was increased 2.5 fold but the promoter activity failed to
significantly increase in cells transfected with AlkB with only a 1.3 fold increase (Figure
8). To ensure the specificity of the AlkB cells in blocking NFkB activity we also
measured the transcriptional activity of a p53 responsive BAX promoter. We found that
expression of AlxB did not block the increase of activity following etoposide treatment,

as compared to vector alone cells (Figure 9).
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Figure 7

HEK?293 cells were stably transfected with either vector alone or AIkB and both
were transiently transfected with wild-type DRS promoter-intron region
luciferase reporter plasmid. B-gal reporter plasmid was used as a control for
transfection efficiency. Twenty-four hours after transfection the cells were
harvested, lysed, and a luciferase assay was performed as described in the
Materials and Methods section. Error bars represent the standard deviation for
three independent experiments. Relative luciferase units represent DR5 promoter
activity.

72



DR5 transcriptional activity '
requires NFxB activation

3.
£ 5
L =
% 59 2
S =
- D
&G @
= g
=
S5 1
~ =

0

Control AIkB

Figure 8

HEK293 cells were transiently transfected with wild-type DRS promoter-intron
region luciferase reporter plasmid and either vector alone (control) or AlkB. B-gal
reporter plasmid was used as a control for transfection efficiency. Twenty-four
hours after transfection the cells were treated with etoposide (100uM) for 4 hours, -
lysed, and a luciferase assay was performed as described in the Materials and
Methods section. Error bars represent the standard deviation for three independent
experiments.
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Figure 9

HEK?293 cells were transfected with a Bax promoter luciferase construct and either
empty vector (control) or AIKB. B-gal reporter plasmid was used as a control for
trasnfection efficiency. Twenty-four hours after transfection the cells were treated
with etoposide (100uM) for 16 hours, lysed, and a luciferase assay was performed
as described in the Materials and Methods section. Error bars represent the
standard deviation for three independent experiments.
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Next, we wanted to determine whether this site-specific NFxB site within the first
intronic region of the DR5 gene was responsible for the NFkB dependent transactivation
of the DR5 gene. Point mutations were introduced within the NFxB consensus sequence
(GGGAGTATCGCTTG), in the first intron of the DR5 gene, by Dr. Shashi Shetty. These
mutations would prevent NFxB from binding to this site. A dramatic reduction in DR5
transcriptional activity was observed when this mutated promoter construct was
transiently transfected into MCF-7 and HEK293 cells, compared to cells transfected with
the wild-type promoter. HEK293 and MCF-7 cells transfected with the wild-type
promoter exhibited over 3000 and 1000 relative luciferase units, respectively, whereas
both cell types with mutated NFkB site exhibited less than 200 relative luciferase units
(Figure 10). Dr. Shashi Shetty also made a promoter construct with the putative NFxB
binding site deleted and similar results were observed. Even when the cells were
transfected with a p65 over-expressing vector in combination with either the wild-type
DR5 promoter-intron, the promoter with mutated p53, or the promoter with mutated
NF«B DRS5 plasmids, the mutated sites failed to show DRS transcriptional activity
(Figure 11). The wild-type promoter showed an 8 fold increase in activity, whereas the
promoter with the mutated p53 site only showed a 2.5 fold increase and the promoter
with the mutated NFxB site only showed a 2 fold increase. Furthermore, upon treating
transfected HEK293 cells with etoposide for 16 hours, those transfected with the mutated
NFkB site construct failed to increase DRS transcriptional activity above the background
level, as compared to the wild-type construct which showed a two-fold increase (Figure

12).
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Figure 10

The NFkB putative binding site was mutated at GGGAGTATCGC, where
nucleotides underlined represent point mutations. The p53 site was mutated at
GGGAATATCCGGGCAAGACG, where nucleotides underlined represent point
mutations. HEK293 cells and MCF-7 cells were transfected with luciferase reporter
plasmid alone (vector), containing wild type DRS5 promoter-intron region
(Promoter), containing mutations in the NFkB binding site in the DR5 promoter-
intron region (Promoter NFxB mutation), or containing mutations in the p53 binding
site in the DR5 promoter-intron region (Promoter p53 mutation). 3-gal reporter
plasmid was used as a control for transfection efficiency. The cells were harvested
after 24 hours, lysed, and a luciferase assay performed as described in the Materials
and Methods section. Relative luciferase units represent DRS promoter activity.
Error bars represent the standard deviation for three independent experiments.
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HEK293 cells were transiently transfected with either vector alone (vector) or p65
over-expressing vector (p65) in combination with either wild-type DR5 promoter-
intron region luciferase reporter plasmid (wt), DR5 promoter-intron region
luciferase reporter plasmid with mutated p53 binding site (p53 mut), or DR5
promoter-intron region luciferase reporter plasmid with mutated NFKB binding site.
B-gal reporter plasmid was used as a control for transfection efficiency. Twenty-
four hours after transfection the cells were treated with etoposide (100uM) for 6
hours, lysed, and a luciferase assay was performed as described in the Materials
and Methods section. Error bars represent the standard deviation for three
independent experiments.
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The NFkB putative binding site was mutated at GGGAGTATCGC, where
nucleotides underlined represent point mutations. HEK293 cells were transfected
with luciferase reporter plasmid containing either wild type DR5 promoter-intron
region (wt) or containing mutations in the NFxB binding site in the DR5 promoter-
intron region (Mutant p65). -gal reporter plasmid was used as a control for
transfection efficiency. Twenty-four hours after transfection the cells were left
untreated (Control) or treated with etoposide (100uM) for 16 hours. The cells were
then harvested, lysed, and a luciferase assay performed as described in the Materials

and Methods section.
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Finally, we used 3T3 murine fibroblast cells that lack p65 expression. Upon treatment
with etoposide for 16 and 24 hours, these cells showed a significant reduction in DRS
transcriptional activity when compared to wild type cells expressing p65. Wild-type 3T3
cells showed a 5-fold increase after 16 hours of treatment and a 6.5-fold increase
following 24 hours of treatment with etoposide. 3T3 cells lacking p65 expression,
however, only showed a 2-fold increase after 16 hours of treatment and only a 4-fold
increase after 24 hours of treatment (Figure 13). All of these results together suggest that
the NFxB binding site within the first intronic region of the DRS5 gene is involved in its

expression.

4.2 NFkB binds to the first intronic region of the DRS gene

To determine whether NFxB binds to the first intronic region of the DR5 gene we
performed chromatin immunoprecipitation (ChIP) assays in HEK293 cells where the first
intronic region of the DR5 gene was amplified. We treated HEK293 cells with etoposide
over an 8 hour time course. We observed that binding of the p65 subunit of NFkB to the
first intronic region of the DR5 gene increased over the 8 hours, peaking 4 hours post-
treatment (Figure 14). For each time point, we used amplified input DNA from the
intronic region of the DR5 gene as our loading control and lysate with no antibody as our

negative control.
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Figure 13

3T3 murine fibroblast cells, parental (wt) or lacking p65 expression (p65 -/-),
were transfected with the wild-type DR5 promoter-intron region luciferase
reporter plasmid. B-gal reporter plasmid was used as a control for transfection
efficiency. Twenty-four hours after transfection the cells were treated with
etoposide (100uM) and lysed after 16 and 24 hours. A luciferase assay was
performed as described in the Materials and Methods section. Error bars
represent the standard deviation for three independent experiments.
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Figure 14

HEK 293 cells untreated (C) or treated with etoposide (100uM) were used in a
ChIP assay with anti-p65 antibodies. No antibody added was used as a negative
control whereas genomic DNA was used as an input control. Precipitated DNA was
analyzed by PCR using primers specific for the DRS exon 1 and intron 1 region.
Each experiment was repeated three times.
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4.3 Tumor suppressor p53 required for DRS promoter activity

It has already been determined that there is also a p53-like consensus site within the first
intronic region of the DRS5 gene. Since it is thought that NFxB may cooperate with p53 in
inducing expression of pro-apoptotic genes we wanted to determine whether p53 is
important for DRS transcriptional activity following etoposide treatment. We used a DR5
promoter construct with point mutations within the p53 consensus-binding site
(GGGAATATCCGGGCAAGACQG) in the first intronic region of the DRS gene. We
transiently transfected the mutant construct and the wild-type construct, separately, into
HEK?293 and MCF-7 cells. We observed a significant reduction in DR5 promoter activity
with those cells transfected with the mutant construct compared to the wild-type construct
(Figure 10). HEK293 and MCF-7 cells transfected with the wild-type promoter exhibited
over 3000 and 1000 relative luciferase units, respectively, whereas both cell types with
mutated p53 site exhibited less than 100 relative luciferase units. These results suggest
that the p53 binding site within the first intronic region of the DRS gene is involved in its

expression.

4.4 pS3 binds to the first intronic region of the DR5 gene and is required

for the binding of p65 to the DRS gene

To determine whether p53 binds to the first intronic region of the DR5 gene we
performed ChIP assays in HEK293 cells where the DRS gene was amplified. We
observed that p53 binds to the DR5 gene both in untreated cells as well as those treated
with etoposide over an 8 hour time course. The binding of p53 to the DR5 gene peaked at

4 hours (Figure 15).
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Figure 15

HEK 293 cells untreated (C) or treated with etoposide (100uM) were used in a
ChIP assay with anti-p53 antibodies. No antibody added was used as a negative
control whereas genomic DNA was used as an input control. Precipitated DNA was
analyzed by PCR using primers specific for the DR5 exon 1 and intron 1 region.
Each experiment was repeated three times: -
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The ChIP assay was also performed in MCF-7 cells with similar results (Figure 16). We
observed p53 binding only after treatment with etoposide for 2 hours or 4 hours.

To determine whether p53 binding to the DRS gene affects the binding of p65 we used
siRNA against p53. We transfected HEK293 cells with siRNA directed against p53,
thereby reducing the expression of p53, or scrambled siRNA as a control (Figure 17). We
then used these cells in a ChIP assay to determine the effect of p65 binding to the DRS
gene. Upon treatment with etoposide for 4 hours, those cells transfected with scrambled
siRNA showed binding of both p53 and p65 to the DRS gene (Figure 17). However,
those cells transfected with p53 siRNA failed to show binding of either p53 or p65 to the
DRS5 gene following etoposide treatment for 4 hours (Figure 17). These results along with
the previous ChIP assay and luciferase results suggest that p53 is required for DR5

expression and cooperates with NFxB.

4.5 Epidermal Growth Factor (EGF) induces NFkB and p53 binding to

the DRS gene

Our lab has previously determined that DRS mRNA expression and protein levels are
induced following treatment with etoposide. In contrast, EGF treatment shows no
induction of DR5 mRNA expression and no increase in DRS protein levels. To determine
whether p65 and p53 bind to the first intronic region of the DRS gene we performed ChIP
assays in HEK293 cells where the DR5 gene was amplified. We observed that p65 binds
to the DRS gene both in untreated cell as well as those treated with EGF (Figure 18). The
bindiﬁg of p65 to the DRS gene peaked at 1 hour and was reduced to basal levels after 4

hours of treatment. In contrast, we observed that p53 binds to the intronic region of the
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Figure 16

MCEF-7 cells untreated (C) or treated with etoposide (100uM) were used in a ChIP
assay with anti-p53 antibodies. No antibody added was used as a negative control
whereas genomic DNA was used as an input control. Precipitated DNA was
analyzed by PCR using primers specific for the DR5 exon 1 and intron 1 region.
Each experiment was repeated three times.
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Figure 17

HEK293 cells were transfected with siRNA against p53 or scrambled siRNA
and left untreated (C) or treated with etoposide (100uM) for 4 hours. The cells
were lysed and used in a ChIP assay with either (i) anti-p53 antibody or (ii) anti-
p65 antibody. No antibody added was used as a negative control whereas
genomic DNA was used as an input control. Immunoprecipitated DNA was
analyzed by PCR using primers specific for DR5 exon 1 and intron 1 regions.
(iii) Transfected cells were lysed and western blotted for p53 expression.
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Figure 18

HEK 293 cells untreated (C) or treated with EGF (1pg/mL) were used in a
ChIP assay with anti-p65 antibodies. No antibody added was used as a
negative control whereas genomic DNA was used as an input control.
Precipitated DNA was analyzed by PCR using primers specific for the DR5
exon 1 and intron 1 region. Each experiment was repeated three times.
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DRS5 gene but fails to increase following EGF treatment (Figure 19). These results
suggest that EGF induces the binding of NFkB but it does not induce the binding of p53
however it does not inhibit the binding of p53 either. Since NFkB seems to be induced
under both survival and apoptotic conditions we wanted to determine if there was a
difference between the NFxB induced upon etoposide treatment and the NFxB induced
upon EGF treatment. To do so we performed a western blot with HEK293 cells treated
with either etoposide or EGF and looked at the expression levels of NFkB p65 subunit
phosphorylated at serine 529. We observed that there was no phosphorylation of NFkB at
serine 529 following an 8 hour time course of etoposide. There was, however, p65
phosphorylation following EGF treatment for an 8 hour time course, with levels peaking
around 0.5 hours. The peak at 8 hours could be due to over-loading (Figure 20). These
results suggest that the binding of NFxB to the DR5 gene following EGF and etoposide

treatment could be differentiated by the modifications on p65 subunit of NFxB.

4.6 HDACI1 recruitment to the DRS gene following EGF treatment but

not etoposide treatment is mediated by NFxB

Histone acetylation allows for transcription of genes. The ability of etoposide or EGF to
increase histone acetylation in the DR5 gene is unknown. To determine if histone
acetylation within the DR5 gene occurred under etoposide or EGF treatment, a ChIP
assay was performed on untreated and treated HEK293 cells using an anti-acetyl histone
H3 antibody (Figure 21). We observed that treatment with etoposide induced histone

acetylation after 16 hours of treatment. This time course corresponds with that of DRS
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Figure 19

HEK 293 cells untreated (C) or treated with EGF (1pg/mL) were used in a
ChIP assay with anti-p53 antibodies. No antibody added was used as a
negative control whereas genomic DNA was used as an input control.
Precipitated DNA was analyzed by PCR using primers specific for the DR5
exon | and intron 1 region. Each experiment was repeated three times.
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Figure 20

HEK?293 cells were treated with etoposide (100uM) or EGF (1ug/mL) over the
indicated times. The cells were then lysed and Western blotted for
phosphorylated NFxB p65 subunit (serine 529) and NFkB p65 subunit (loading

control).
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Figure 21

HEK?293 cells untreated (C) or treated with either etoposide (100uM) or EGF
(1ng/mL) were used in a ChIP assay with anti-acetyl histone H3 antibody. No
antibody added was used as a negative control whereas genomic DNA was used as
an input control. Immunoprecipitated DNA was analyzed by PCR using primers
specific for DR5 exonl and intron 1 regions.
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expression. In contrast, we observed no increase in histone acetylation following EGF
treatment within the time course of NFxB binding to the DR5 gene. This indicates that
etoposide but not EGF treatment induces histone acetylation required for transcription.
Histone deacetylases (HDACs) repress transcription of genes. To determine whether
HDACT associates with the DR5 gene following treatment with either etoposide or EGF,
a ChIP assay was performed on untreated and treated HEK293 cells using HDAC1
antibodies (Figure 22). We observed that treatment with EGF resulted in HDAC1 binding
to the DR5 gene after 2 and 4 hours of treatment. In contrast, we observed that treatment
with etoposide failed to recruit HDACI1 to the DR5 gene. This suggests that following
EGF treatment the DRS gene is actively repressed by HDACI.

NF«B has been shown to associate with HDAC1 and has been implicated in
transcriptional repression of target genes. To determine whether NFxB interacts with
HDACI following EGF or etoposide treatment, Dr. Jennifer Brown immunoprecipitated
NF«B with anti-p65 over a time course in HEK293 cells and western blotted for HDAC]1.
It was observed that the interaction between p65 and HDAC]1 increased following EGF
treatment but no increase was observed following etoposide treatment. To demonstrate
that HDAC1 recruitment to the DR5 gene requires NFxB, we performed a ChIP assay on
HEK293 cells stably expressing AlxB as well as HEK293 cells stably expressing vector
alone, both treated with EGF (Figure 23). We observed that the ability of HDACI to
associate with the DR5 gene following EGF treatment was blocked in AlxB expressing
HEK?293 cells whereas HDAC1 was shown to bind to the DR5 gene following 2 and 4

hours treatment with EGF in vector alone expressing HEK293 cells. This suggests that
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Figure 22

HEK?293 cells untreated (C) or treated with either etoposide (100uM) or EGF
(1pg/mL) were used in a ChIP assay with anti-HDAC1 antibody. No antibody
added was used as a negative control whereas genomic DNA was used as an
input control. Immunoprecipitated DNA was analyzed by PCR using primers
specific for DR5 exon 1 and intron 1 regions.
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Figure 23

HEK?293 cells were stably transfected with either vector alone or AIKB plasmids
and left untreated (C) or treated with EGF (1pg/mL). The cells were lysed and
then used in a ChIP assay with anti-HDAC1 antibody. No antibody added was
used as a negative control whereas genomic DNA was used as an input control.
Immunoprecipitated DNA was analyzed by PCR using primers specific for DRS
exon 1 and intron 1 regions.

94



NFkB is involved in the recruitment of HDACI1 to the DR5 gene following EGF

treatment.

4.7 Inhibition of HDAC activity causes increased DRS expression

The association of HDAC1 with the DR5 gene suggests that HDACs repress DR5
expression. Our lab has previously determined that treatment with HDAC inhibitors
trichostatin A (TSA) or valproic acid (VPA), increased DRS mRNA level by 2.0 and 2.5
fold respectively. TSA has been previously demonstrated to activate both p53 and NFxB
through acetylating these proteins. To demonstrate this we transfected HEK293 cells with
either NFkB luciferase plasmid or p53 luciferase plasmid and treated the cells with TSA
(Figure 24). Using luciferase reporter assays, we observed that TSA activated both p53

and NF«xB by 1.5 and 1.75 fold, respectively.

To determine whether p53 and p65 are bound to the DRS intronic regions similar to
etoposide treatment, we performed ChIP assays on HEK293 cells treated with TSA for 16
hours (Figure 25). We observed that treatment with TSA lead to the binding of both p53
and p65 to the intronic region of the DR5 gene whereas HDAC] failed to bind to this
region. These results suggest that HDAC inhibitors induce DR5 expression mediated by

p53 and NF«B activation.
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Figure 24

HEK?293 cells were transfected with a Bax promoter luciferase construct (p53-
Luc) or an NFkB luciferase construct (NFKB-Luc). B-gal reporter plasmid was
used as a control for transfection efficiency. Twenty-four hours after
transfection the cells were lysed (control) or treated with TSA (45nM) and
lysed after 16 hours (TSA). A luciferase assay was performed as described in
the Materials and Methods section. Error bars represent the standard deviation
for three independent experiments.
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Figure 25

HEK293 cells untreated (C) or treated with TSA (45nM) were
used in a ChIP assay with either anti-p65 antibody, anti-p53
antibody, or anti-HDAC]1 antibody. No antibody was used as
a negative control whereas genomic DNA was used as an
input control. Immunoprecipitated DNA was analyzed by
PCR using primers specific for DRS exon 1 and intron 1
regions.
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4.8 Chlorambucil and Fludarabine induce binding of p65 and p53 to the

DRS gene in primary CLL cells

CLL is generally thought to be an incurable disease and therefore new therapies are
desperately needed to aid in the treatment of this disease. One new therapy being
considered is TRAIL. Although CLL cells are resistant to TRAIL alone, they are made
sensitive when treated in combination with such drugs as HDAC inhibitors. Death
receptor 5 is one of the receptors that bind TRAIL leading to the activation of apoptosis
and therefore a better understanding of the mechanism of DR5 expression could lead to
more efficient treatment of CLL. Our lab has previously determined that DR5 mRNA
expression, protein levels, and cell surface expression are induced following treatment
with either FLU or CLB. Since we showed that p65 and p33 play a role in the regulation
of DRS5 using HEK 293 cells we wanted to see whether this would hold true for primary
CLL cells. To determine whether p65 and p53 bind to the first intronic region of the DR35S
gene we performed ChIP assays in primary CLL cells. We observed that p65 binds to the
DRS5 gene both in untreated cells as well as those treated with either CLB or FLU (Figure
26). The binding of p65 to the DR5 gene peaked at approximately 18 hours post-
treatment and was reduced to basal levels after 24 hours of treatment. In contrast, we
observed that p53 binds to the intronic region of the DRS gene only after treatment
(Figure 27). p53 binding peaked around 18 hours with FLU treatment and around 5 hours
with CLB treatment. These results suggest that FLU- and CLB-induced DR5 gene

expression is mediated in part by p53 and NFxB.
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Figure 26

CLL patient samples untreated (C) or treated with either CLB (10 uM) or FLU
(10puM) were used in a ChIP assay with anti-p65 antibodies. No antibody added
was used as a negative control whereas genomic DNA was used as an input
control. Precipitated DNA was analyzed by PCR using primers specific for the
DRS exon 1 and intron 1 regions. Each experiment was repeated on 3 differen
patients with similar results. |
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Figure 27

CLL patient samples untreated (C) or treated with either CLB (10uM) or FLU
(10uM) were used in a ChIP assay with anti-p53 antibodies. No antibody added
was used as a negative control whereas genomic DNA was used as an input
control. Precipitated DNA was analyzed by PCR using primers specific for the
DRS5 exon 1 and intron 1 regions. Each experiment was repeated on 3 different

patients.
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4.9 Chlorambucil and Fludarabine induce acetylation of histone H3 and
binding of p300 to the DR5 gene but not binding of HDAC1 in primary

CLL cells

Our lab has previously determined that DR5 mRNA expression is induced following
treatment with either FLU or CLB. It is widely known that acetylated histones are found
in areas of transcription. We therefore wanted to show that the DR5 gene was acetylated
following treatment with CLB or FLU. To show this we performed ChIP assays in
primary CLL cells treated with FLU or CLB and immunoprecipitated with antibodies
against acetylated histone H3. We observed that the DRS5 gene was acetylated following
treatment with both CLB and FLU with levels peaking at 5 hours with FLU and 24 hours
with CLB (Figure 28). HATs are involved in the acetylation of histones as well as
transcription factors and the HAT p300 has been shown to complex with p53 and NFxB.
We therefore wanted to determine if the HAT p300 was present on the DRS gene
following treatment with FLU or CLB. We performed ChIP assays on primary CLL cells
using p300 antibody and observed that following treatment with FLU p300 was bound
following 5 hours of treatment (Figure 29). We also observed binding of p300 to the gene
following 5-24 hours of CLB treatment (Figure 29). This supports the expression pattern
of the DR5 gene in CLL cells following treatment with either FLU or CLB. After
observing the acetylation and presence of p300 on the DR5 gene we wanted to check to
make sure that HDAC1 wa; not present. We performed ChIP assay on primary CLL cells
using HDAC1 antibody and observed that following treatment with FLU there was no

binding of HDACI to the DRS5 gene (Figure 30).
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Figure 28

CLL patient samples untreated (C) or treated with either CLB (10uM) or FLU
(10uM) were used in a ChIP assay with anti-p53 antibodies. No antibody
added was used as a negative control whereas genomic DNA was used as an
input control. Precipitated DNA was analyzed by PCR using primers specific
for the DRS exon 1 and intron 1 regions. Each experiment was repeated on 3
different patients.
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Figure 29

CLL patient samples untreated (C) or treated with either CLB (10pM) or FLU
(10uM) were used in a ChIP assay with anti-p300 antibodies. No antibody
added was used as a negative control whereas genomic DNA was used as an
input control. Precipitated DNA was analyzed by PCR using primers specific
for the DR5 exon 1 and intron 1 regions. Each experiment was repeated on 3
different patients.
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Figure 30

CLL patient samples untreated (C) or treated with either CLB (10pM) or FLU
(10uM) were used in a ChIP assay with anti-HDAC1 antibodies. No antibody
added was used as a negative control whereas genomic DNA was used as an
input control. Precipitated DNA was analyzed by PCR using primers specific
for the DR5 exon 1 and intron 1 regions. Each experiment was repeated on 3
different patients.

104



We did observe binding of HDACI to the DR5 gene following CLB treatment but it was
at later time points, 24 and 48 hours (Figure 30). CLB is a very fast acting drug and so it

is not surprising to find that the drug loses its affect at the later time points.

4.10 Lysophosphatidic acid (LPA) treatment induces binding of p65 and

HDACI1 to the DRS gene in primary CLL cells

LPA is a survival factor that our lab has determined does not induce protein levels of
DRS. We used it to mimic the experiments performed with EGF treated HEK 293 cells.
We could not use EGF because CLL cells do not express EGF receptors. We found using
ChIP assays that LPA induces the binding of p65 to the first intronic region of the DR5
gene in CLL cells whereas it does not seem to induce the binding of p53 (Figure 3 1). We
also found that the DRS gene is not acetylated following treatment with LPA and, in
accordance with this result, p300 is not observed to bind to DR5 (Figure 32). We did,
however, observe the binding of HDACI to the DR5 gene following LPA treatment
(Figure 33). The binding peaked around 16 hours and returned to basal levels after 48
hours. These results suggest that LPA prevents the expression of DR5 by inducing the
binding of HDAC1 and p65, thereby inhibiting acetylation of the gene by preventing the

binding of p300 and p53.
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Figure 31

CLL patient samples untreated (C) or treated with LPA (10uM) were used in a
ChIP assay with either anti-p65 antibodies or anti-p53 antibodies. No antibody
added was used as a negative control whereas genomic DNA was used as an
input control. Precipitated DNA was analyzed by PCR using primers specific
for the DRS exon 1 and intron 1 regions. Each experiment was repeated on 3
different patients. |
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Figure 32

CLL patient samples untreated (C) or treated with LPA (10uM) were used in a
ChIP assay with either anti-p300 antibodies or anti-acetylated histone H3
antibodies. No antibody added was used as a negative control whereas genomic
DNA was used as an input control. Precipitated DNA was analyzed by PCR
using primers specific for the DR5 exon 1 and intron 1 regions. Each
experiment was repeated on 3 different patients.
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Figure 33

CLL patient samples untreated (C) or treated with LPA (10uM) were used in a
ChIP assay with anti-HDAC1 antibodies. No antibody added was used as a
negative control whereas genomic DNA was used as an input control.
Precipitated DNA was analyzed by PCR using primers specific for the DR5
exon 1 and intron 1 regions. Each experiment was repeated on 3 different

patients.
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4.11 Level of H3 acetylation is increased in CLL patient cells

Based on the results from the ChIP assays we showed that the DR5 gene was acetylated
following treatment with FLU or CLB but not LPA. Due to the small amount of cells we
were able to get from normal blood donors we were unable to perform ChIP assays with
them. To compare normals to CLL patients we used western blots and
immunohistochemistry. We isolated histones from both normal human B lymphocytes
and CLL cells, either untreated or treated with FLU. We first ran the histones on an SDS
page gel and performed a western, probing for acetylated H3. We observed that total
acetylation was increased in untreated CLL patients compared to untreated normal human
lymphocytes and HEK293 cells (Figure 34). We used histone H3 as the loading control.
To confirm these results we also performed immunohistochemistry on normal human B
lymphocytes and CLL patient samples, using an acetylated histone H3 antibody. We
observed the same results, that CLL patient cells are more highly acetylated than normal

human lymphocytes (Figure 35).

4.12 Histone acetylation is increased following treatment with

fludarabine and decreased following treatment with LPA

We next wanted to determine the levels of acetylation following treatment with either
FLU or LPA. We first isolated histones from CLL patient cells and separated them using
SDS page gels. Using a western blot we probed for acetylated histone H3 and found
elevated levels following treatment with FLU and decreased levels following LPA
treatment (Figure 36a). We also ran the isolated histones on an acid urea gel. This gel

separates the histones according to size and charge.
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Figure 34

Western blot analysis of the expression of acetylated histone H3 and histone
H3 (loading control). Histones were isolated, run on an SDS-PAGE gel, and
western blotted with anti-acetylated histone H3 antibody as described in the
Materials and Methods section. The blot was stripped and re-probed with
anti-histone H3 antibody as a loading control. Lane 1: HEK293 cells, Lane2:
Normal human lymphocytes, Lane 3: CLL patient #1, Lane 4: CLL patient
#2, Lane 5: CLL patient #3, Lane 6: CLL patient #4, and Lane7: CLL patient
#5. -
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Figure 35

CLL patient samples or normal human lymphocytes samples were cytospun onto
slides as described in Materials and Methods. The slides were stained with
acetylated histone H3 Ab (FITC, green). The DNA was stained blue with DAPL
The slides were viewed using a Carl Zeiss AxioPhot II microscope and the
pictures deconvolved in three dimensions with the AxioVision 4.1 constrained

iterative algorith.

111



Overall histone aceylation is
increased in CLL cells

A) FLU LPA
AcH3
H3
UT 6h 24h 6h  24h
B) FLU LPA
AcH3
H3
UT 6h 24h 6h  24h
Figure 36

CLL patient samples were left untreated (UT) or treated with either fludarabine
(FLU) (10pM) or lysophosphatidic acid (LPA) (10uM) for 6 or 24 hours. The
histones were then isolated from these cells as described in the Materials and
Methods section. The isolated histones were run on either an SDS-Page gel (A)
or an acid urea gel (B) and western blotted for acetylated histone H3 (AcH3).
The blots were stripped and re-probed for histone H3 (H3) as a loading control.
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This allows you to separate the histones based on their modifications, due to the
reduction in net positive charge caused by acetylation and phosphorylation of the histone.
After separating the histones with the acid urea gel we performed a western blot and
probed with acetylated histone H3. We observed that treatment with FLU lead to an
increase in multiple modifications (Figure 36b). We can only say multiple modifications
because of the nature of the gel. The lowest band on the gel indicates a single
modification, in this case acetylation, however, each band above it indicates another
modification but they are not necessarily acetylation. In contrast, treatment with LPA
lead to a decrease in the expression of acetylated histone H3 and a lower level of
modification (Figure 36). To confirm these results we again performed
immunohistochemistry experiments. We used CLL patient cells untreated or treated with
either FLU or LPA and probed the cells with antibody against acetylated histone H3. We
observed that treatment with FLU lead to an increase in overall acetylation of histone H3
following 6 hours of treatment and the level of acetylation seemed to return to untreated
levels 24 hours post-treatment (Figure 37). In contrast, we observed that treatment with
LPA lead to a decrease in the overall acetylation of histone H3 following 6 hours of
treatment, with the return to untreated levels 24 hours post-treatment (Figure 38). All of
these results suggest that treatment of CLL cells with FLU leads to an increase in the
overall acetylation levels in the cell whereas treatment with LPA leads to a decrease in

the overall acetylation levels.
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Figure 37

CLL patient samples were left untreated or were treated with fludarabine (FLU)
(10uM) for 6 or 24 hours. All of the cells were then cytospun onto slides as
described in Materials and Methods. The slides were stained with acetylated
histone H3 Ab (FITC, green). The DNA was stained blue with DAPI. The
slides were viewed using an Carl Zeiss AxioPhot II microscope and the pictures
deconvolved in three dimensions with the AxioVision 4.1 constrained iterative
algorith.
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Figure 38

CLL patient samples were left untreated or were treated with
lysophosphatidic acid (LPA) (10uM) for 6 or 24 hours. All of the cells were
then cytospun onto slides as described in Materials and Methods. The slides
were stained with acetylated histone H3 Ab (FITC, green). The DNA was
stained blue with DAPI. The slides were viewed using an Carl Zeiss
AxioPhot II microscope and the pictures deconvolved in three dimensions
with the AxioVision 4.1 constrained iterative algorith.
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4.13 LPA protects CLL cells against FLU-induced histone acetylation

Since we have shown that FLU increases the level of histone acetylation and LPA
decreases histone acetylation, we wanted to determine whether the effect of one drug
could silence the effect of the other. We therefore pre-treated CLL cells with LPA for 1
hour and then treated them with FLU. We observed that after 24 hours LPA prevented the
normal induction of histone acetylation following FLU treatment (Figure 39). These

results suggest that LPA protects CLL cells against FLU-induced histone acetylation.

4.14 Histone phosphorylation is decreased in CLL cells following

treatment with FLU and LPA

To look at the effect of FLU and LPA on histone phosphorylation we first isolated
histones from CLL patient cells treated with LPA or FLU. We ran them on an SDS page
gel and performed a western blot, probing for phosphorylated histone H3 (Ser28). We
observed no major difference in the levels of phosphorylation between untreated CLL
cells and those treated with either FLU or LPA (Figure 40). There is perhaps a slight
decrease in phosphorylation after 6 hours of LPA treatment and after 24 hours of FLU
treatment. To support these observations we used immunohistochemistry. We first looked
at whether there was any difference in the level of histone phosphorylation between
normal cells and CLL cells. We observed that histone phosphorylation levels show a
slight increase in CLL patient cells compared to normal human lymphocytes (Figure 41).
We then wanted to look at the effect that treatment with LPA or FLU would have on the

level of phosphorylation in CLL cells.
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Figure 39

CLL patient samples were left untreated or were treated with first
lysophosphatidic acid (10uM) and then fludarabine (FLU) (10uM) for 24 hours.
All of the cells were then cytospun onto slides as described in Materials and
Methods. The slides were stained with acetylated histone H3 Ab (FITC, green).
The DNA was stained blue with DAPI. The slides were viewed using an Carl
Zeiss AxioPhot II microscope and the pictures deconvolved in three dimensions
with the AxioVision 4.1 constrained iterative algorith.
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phosphorylation in CLL cells

FLU LPA

pH3 (ser28)

H3

uTt 6h 24h  6h 24h

Figure 40

CLL patient samples were left untreated (UT) or treated with either
fludarabine (FLU) (10uM) or lysophosphatidic acid (LPA) (10uM) for 6 or

24 hours. The histones were then isolated from these cells as described in the
Materials and Methods section. The isolated histones were run on an SDS-

PAGE gel and western blotted for phosphorylated histone H3 on serine 28
(pH3). The blots were stripped and re-probed for histone H3 (H3) as a

loading control.
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Histone phosphorylation is increased in CLL
patient samples compared to normal human
lymph

DAPI PH3

Merge

Untreated CLL

Normal #1

Normal #2

Normal #3

Figure 41

CLL patient samples or normal human lymphocyte samples were cytospun
onto slides as described in Materials and Methods. The slides were stained with
phosphorylated (serine28) histone H3 Ab (FITC, green). The DNA was
stained blue with DAPI. The slides were viewed using a Carl Zeiss AxioPhot II
microscope and the pictures were deconvolved in three dimensions with the
AxioVision 4.1 constrained iterative algorith.
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We observed that FLU treatment did not affect the levels of histone phosphorylation after
6 hours or 24 hours of treatment (Figure 42). However, following 6 hours of LPA
treatment we observed a decrease in histone phosphorylation (Figure 43). After 24 hours
of treatment the levels of phosphorylation began to increase but not to the levels of
untreated cells. When we treated the CLL cells with both LPA and FLU we did not see a
reduction in histone phosphorylation indicating that LPA does not affect the level of

FLU-induced histone phosphorylation (Figure 44).

4.15 Levels of histone methylation are similar between normal cells and
CLL cells and treatment of CLL cells with FLU or LPA do not affect

histone methylation levels

We performed immunohistochemistry to determine the effect that CLL and treatment had
on the levels of methylation. We observed no major changes in the levels of methylation
between normal cells and treated CLL cells (Figure 45,46). It also appears that treatment
with FLU has no effect on the level of methylation in the CLL cells. Treatment with LPA
seems to induce a slight decrease in the levels of histone methylation, however the levels
of methylation are so low to begin with that it is hard to make any clear conclusions. The
low levels could be due to the antibody used and further experiments are required to

investigate this modification.
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Histone phosphorylation is not affected by
FLU treatment

Untreated

FLU 6h

FLU 24h

Figure 42

CLL patient samples were left untreated or were treated with fludarabine
(FLU) (10uM) for 6 or 24 hours. All of the cells were then cytospun onto slides
as described in Materials and Methods. The slides were stained with
phosphorylated (serine 28) histone H3 Ab (FITC, green). The DNA was
stained blue with DAPI. The slides were viewed using an Carl Zeiss AxioPhot
II microscope and the pictures deconvolved in three dimensions with the
AxioVision 4.1 constrained iterative algorith.
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Histone phosphorylation is decreased
following LPA treatment

Untreated

LPA 6h

LPA 24h

Figure 43

CLL patient samples were left untreated or were treated with lysophosphatidic
acid (LPA) (10uM) for 6 or 24 hours. All of the cells were then cytospun onto
slides as described in Materials and Methods. The slides were stained with
phosphorylated (serine 28) histone H3 Ab (FITC, green). The DNA was stained
blue with DAPI. The slides were viewed using an Carl Zeiss AxioPhot II
microscope and the pictures deconvolved in three dimensions with the
AxioVision 4.1 constrained iterative algorith.
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LPA does not inhibit FLU-induced histone

phosphorylation

FLU 6h

LPA 6h

FLU+LPA 6h

Figure 44

CLL patient samples were left untreated or were treated with first
lysophosphatidic acid (10uM) and then fludarabine (FLU) (10pM) for 6
hours. All of the cells were then cytospun onto slides as described in
Materials and Methods. The slides were stained with phosphorylated (serine
28) histone H3 Ab (FITC, green). The DNA was stained blue with DAPI.
The slides were viewed using an Carl Zeiss AxioPhot II microscope and the
pictures deconvolved in three dimensions with the AxioVision 4.1 constrained

iterative algorith.
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No difference in the level of histone
methylation with FLU treatment

Normal FM

Normal VB

FLU 6h

FLU 24h

Figure 45

Normal human lymphocyte cells were left untreated and CLL patient samples
were treated with fludarabine (FLU) (10uM) for 6 or 24 hours. All of the cells
were then cytospun onto slides as described in Materials and Methods. The
slides were stained with dimethylated histone H3 Ab (FITC, green). The DNA
was stained blue with DAPI. The slides were viewed using an Carl Zeiss
AxioPhot II microscope and the pictures deconvolved in three dimensions with
the AxioVision 4.1 constrained iterative algorith.
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Histone methylation is decreased in CLL
cells with LPA treatment

Normal FM

Normal VB

LPA 6h

LPA 24h

Figure 46

Normal human lymphocyte cells were left untreated and CLL patient samples
were treated with lysophosphatidic acid (LPA) (10uM) for 6 or 24 hours. All of
the cells were then cytospun onto slides as described in Materials and Methods.
The slides were stained with dimethylated histone H3 Ab (FITC, green). The
DNA was stained blue with DAPI. The slides were viewed using an Carl Zeiss
AxioPhot II microscope and the pictures deconvolved in three dimensions with
the AxioVision 4.1 constrained iterative algorith.
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6. DISCUSSION

Apoptotic stimuli including genotoxins upregulate DRS levels sensitizing cells to
undergo programmed cell death. This increased expression makes DR5 a potential target
for molecular based cancer therapy (12). In accordance with this, TRAIL and antibodies
directed against DR5 have been developed for anti-cancer therapy (72, 80, 117, 118).
Understanding the regulation of DR5 expression would therefore increase the
effectiveness of these therapies.

6.1 NFxB Regulation of DR5

It has been demonstrated by our lab, and others, that genotoxins increase DR5 expression
through the activation of transcription factors p53 and NF«B (10, 12, 13). A possible
mechanism for NFxB transactivation of the DRS gene is through the binding of NF«B to
the intronic region of the DR5 gene. This binding along with p53 binding induces DR5
expression following etoposide treatment. It is well established that there is
transcriptional crosstalk between NFkB and p53 (119). These transcription factors could
mutually repress each other’s transcriptional activity by competing for a limited pool of
histone acetyltransferase p300/CBP or by directly associating with each other (120, 121).
In contrast, NFxB activation could increase p53 levels and p53 could activate NFxB
transcriptional activity contributing to apoptosis (37). We found that both endogenous
p53 and NF«B bind to the DRS gene leading to the up-regulation of DR5 and apoptosis
following genotoxin treatment. Eliminating p53 binding to the intronic region by siRNA
also prevented the binding of p65. This suggests that p53 and NFkB cooperate to induce

DRS5 expression. It has been shown that when p53 is bound to its target gene it recruits
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the CBP-PCAF coactivator complex leading to the acetylation of nucleosomal histones
(57). This promotes the access of DNA to RNA polymerase II and other basal
transcriptions factors, such as NFxB. Besides these transcription factors, other proteins
could be sufficient to induce DRS expression. For example, bile acid induced apoptosis
increases DRS expression mediated by the c-Jun N-terminal kinase (JNK) and interferon-
v induced DRS5 expression involves the transcription factor STAT1 (122, 123). Our
results indicate that both p53 and NF«xB in epithelial derived cells are required for
etoposide induced DRS5 expression and cross-talk between NFxB and p53 in the
regulation DRS expression will be the focus for future investigations.

NF«B is involved in both cell survival and apoptosis (25, 31, 124). It has been reported
that this contradictory function of NFxB could be due to differentially regulated subunits
of NFkB (125, 126). The p65 subunit was shown to be required for expression of the
anti-apoptotic gene Bel-x; and the c-Rel subunit was shown to be required for
upregulation of DR5 (125, 126). In contrast, we found that the p65 subunit of NFxB was
capable of increasing DRS expression and over expression of p65 was sufficient to
induce DR5 expression. This difference could be due to the specific cell type used.
Mouse embryonic fibroblasts lacking c-Rel expression failed to induce DR5 expression
(125) whereas human epithelial derived cell lines were able to induce DR5 expression in
a p65 dependent manner. The c-Rel subunit was observed to be a minor component of the
NFxB activity induced upon apoptosis in HEK293 cells (125). In 3T3 murine fibroblasts
lacking p65, the ability of etoposide to induce DRS5 transcriptional activity was attenuated
indicating a role of p65 in DRSIexpression. Thus, it is unlikely that the subunits of NFxB

are responsible for differential regulation of gene expression leading to cell survival or
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apoptosis. It could however be a result of the modifications present on NF«kB, such as
phosphorylation.

6.2 Histone Acetylation Regulation of DR5

It has been demonstrated in the nucleus of resting cells that NFkB is complexed with the
histone deacetylase HDAC1 and represses NFxB transcriptional activity (24). Upon
NF«B activation, HDACI1 is released from the complex, freeing NFxB to target genes for
expression (127). Under apoptotic conditions, p65 has been demonstrated to bind to Bcl-
xp and XIAP promoters decreasing their expression. This was accomplished through
recruitment of HDACs to these promoters mediated by p65 (128). We have demonstrated
that upon EGF treatment, HDACI recruitment to the DRS5 gene is mediated by NFkB.
The mechanism by which HDAC proteins repress the transcriptional activity of NFxB is
through their deacetylase activity, since treatment with HDAC inhibitors TSA or VPA
activate NF«B and induce DR5 expression. However, the mechanisms regulating the
interactions between NFxB and HDAC proteins are unknown. It is possible that in the
case of EGF stimulation, NFkB is activated early as opposed to etoposide treatment,
which is a late activator of NFkB. Another determinant for NFkB involvement in
apoptosis could be how long NFkB is activated. Growth factors activate NFxB
transcriptional activity transiently, whereas genotoxin induced NFxB activation is
prolonged. This could influence the binding of HDACs to NF«kB, defining whether a
gene is expressed or repressed. Modification of the NFkB subunit could also be a
possibility, as we have shown that NFkB is phosphorylated with EGF and not with

etoposide treatment. Furthermore, the lack of p53 recruitment to the DR5 gene following
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EGF treatment could influence HDAC binding to this gene. Nevertheless, NFxkB
activation under survival stimulation (EGF) mediates HDAC]1 recruitment to the DR5S
gene likely preventing DR5 expression, whereas both NFxB and p53 are recruited to the
DRS3 gene under apoptotic stimuli (etoposide) inducing DR5 expression. This could be a
mechanism controlling NFxB mediated expression of pro-apoptotic genes under
apoptotic conditions.

HDAC inhibitors have been shown to have anti-tumor activity (92-94). Death receptor
apoptotic signaling pathways have been shown to be activated following treatment with
HDAC inhibitors (129). Our lab has previously shown that treatment with HDAC
inhibitors TSA and VPA increases DRS expression and that treatment with both HDAC
inhibitors and TRAIL gives a synergistic apoptotic response (36). We also showed that
blocking TRAIL from binding to DR5 effectively reduced HDAC inhibitor induced
apoptosis (36). In leukemia cells, HDAC inhibitors increase DR5 expression and
activation of the TRAIL apoptotic pathway occurs (130). This contributed to HDAC
inhibitor induced apoptosis in these cells. As well, several groups have shown that
activation of the TRAIL apoptotic signaling pathway occurs following treatment with
HDAC inhibitors in various cell types (81, 131). It has been shown that p33 and p300, a
HAT, colocalize within the nucleus and co-exist as a stable DNA-binding complex (60).
p300 has been shown to enhance the binding of p53 to its site-specific binding sites
through acetylation of p53 (58). Treatment of cells with TSA has been shown to increase
the level of acetylated p53 and lead to an increase in p53 binding to an endogenous target
promoter (58, 61). We have shown that the binding of p53 to the DRS gene is increased

following treatment with TSA, as is its expression level. It has been shown that NFxB
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associates with p300 as well, leading to the acetylation of p65. It has been shown that
treatment with TSA blocks the association of NFxB with HDAC and increases the
binding of NFkB to DNA (132). It has also been shown that treatment with TSA leads to
an increased basal and inducible expression level of the NF kB-regulated IL-8 gene (24).
We have shown this with the DRS gene. Treatment with TSA leads to an increase in
NF«B binding to the DR5 gene, as well as an increase in DRS expression levels. Another
possible role for acetylation of p53 and NF«B is nuclear localization. Both pS3
acetylation sites are located within nuclear localization signals and therefore might affect
nuclear import and export (60). It has been shown that acetylation of Rel A blocks the
ability of IxBa. to assemble with Rel A and therefore prevents the nuclear export of
NFxB (56). This regulation of export involves HDAC3. Treatment of cells with HDAC3
deacetylates RelA allowing IxkBa to associate with Rel A and return it to the cytoplasm
thereby terminating the NFxB transcriptional response (132). This also serves to
replenish the pool of NFkB-IxBo. complexes for the next induced NFxB response (132).
Taken together, this provides a mechanism for HDAC inhibitor induced up-regulation of
DRS5 involving NF«B and p53 contributing to the cytotoxicity of these inhibitors. It is
therefore promising that DRS induced expression could be an effective target for
synergistic chemotherapeutic treatment for cancer.

6.3 CLL as Model System

Based on the results from the cell lines we have demonstrated a possible mechanism for
DRS5 expression wherein following etoposide treatment the gene is acetylated as a result
of the binding of p65, p53, and possibly a HAT to the first intron of the gene thereby

promoting transcription of the gene (Figure 47).
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DRS gene turned OF

p53 NFkB

+235  +385

DRS gene turned

NFkB

+235  +385

Figure 47

Model of the regulation of DR5 gene expression.

The DRS gene is expressed after treatment with genotoxins such as etoposide.
This expression is regulated by p53, NFKB, and likely HATs.

The DRS gene is not expressed after treatment with EGF. This lack of
expression is regulated by p53, NFkB, and HDAC]I.
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However, following EGF treatment the gene is deacetylated as a result of the binding of
p65, HDACI, and p53 to the first intron of the gene thereby preventing the transcription
of the gene. To prove this in an in vivo model we used primary CLL cells. Our lab has
previously shown that treatment of primary CLL cells with either chlorambucil or
fludarabine leads to an increase in the expression of DR4 and DRS at the mRNA, protein,
and cell membrane levels (11). In contrast, treatment of normal lymphocytes with either
chlorambucil or fludarabine does not affect the expression of DR4 or DRS (11). Based on
these results it was suggested that part of the antitumor activity of CLB and FLU is
related to the upregulation of DR4 and DRS expression on the cell surface and this
sensitizes the cells to TRAIL. For this reason we evaluated the roles of the transcription
factors involved in CLB and FLU induction of DR4 and DRS expressions in primary
CLL cells. Due to the difficulty of transfecting primary CLL cells we relied on the ChIP
assays to determine which transcription factors were involved in the regulation of DR5
expression. Similar to experiments with cell lines p65 was found to bind under both
chemotherapeutic and survival treatments and differences between the two treatments
could therefore be due to the modifications occurring on the p65 subunit. Aberrations of
the p53 gene, such as mutations and functional inactivation of the protein, are one of the
most predictive molecular markers for drug resistance and an inferior overall survival rate
in patients with CLL (101). It was, therefore, not surprising to see it binding to the DR5
gene only under treatment with chemotherapy drugs as it presumably plays an important
role in initiation of apoptosis and success of treatment in CLL. In accordance with our
cell line model we saw acetylation of the DR5 gene and the binding of p300 to the gene

following treatment with FLU or CLB and saw binding of HDAC1 to the gene following
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treatment with LPA. HDAC inhibitors such as depsipeptide and MS-275 have been
shown to induce caspase-dependent apoptosis in CLL cells, presumably through the
extrinsic pathway (129, 133, 134). Also, it has been shown that treatment with HDAC
inhibitors leads to an increase in acetylation of histone H3 and H4 and aids in
overcoming TRAIL resistance (110, 129). Since HDAC inhibitors have been shown to
function through the induction of the extrinsic pathway and induce the upregulation of
DRS as well as histone acetylation, this supports our data in suggesting that acetylation
likely plays an important role in the regulation of the DRS gene. TRAIL induces
apoptosis preferentially in cancer cells as opposed to normal cells and is therefore
thought to be a promising new treatment for cancer. The preferential induction of
apoptosis in cancer cells versus normal cells may be due to the levels of histone
modifications, specifically acetylation. In our studies so far acetylation seems to be the
most important modification as it shows the most differential expression between normal,
untreated CLL, and treated CLL cells. Many tumors and leukemias are thought to result,
in part, from a dysequilibrium of histone acetylation, leading to the abherrant expression
and repression of genes (23). This holds true for CLL cells as they are more highly
acetylated as compared to normal human cells. This observation could explain the
selectivity of some cancer drugs towards cancer cells. If the cancer cells are highly
acetylated to begin with treatment with a drug that induces acetylation will cause the
cancer cells to become hyperacetylated which is associated with cell growth arrest,
differentiation, and/or apoptosis. It has been shown in an anaplastic carcinoma cell line
that treatment with the drug doxorubicin leads to apoptosis through the hyperacetylation

of histone H3 (135). Arsenic trioxide is a clinically active agent that has been shown to
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inhibit growth, reduce intracellular Bcl-2 levels, and induce apoptosis of several myeloid
leukemias, including acute promyelocytic leukemia and multiple myeloma (136). It has
since been shown in human leukemic cells that clinically relevant concentrations of
arsenic trioxide induce the hyperacetylation of histones H3 and H4 (136). This
hyperacetylation of histones may be responsible for altering the transcription of genes
leading to the observed growth inhibition and apoptosis seen with arsenic trioxide
treatment. This suggests that the hyperacetylation of histone H3 seen with fludarabine
treatment of CLL cells plays a role in its induction of apoptosis, possibly through

acetylating genes such as death receptor 5 and leading to their increased expression.

6.4 Conclusion

In conclusion, we have shown that the binding of p53 and NF«xB in the first intronic
region of the DRS gene, as well as histone acetylation are involved in the regulation of
the DR5 gene in HEK293 cells. Using CLL as our model system, we have shown that
NFkB, p53, and histone acetylation may be involved in the regulation of the DR5 gene.
We have also shown that CLL cells are more highly acetylated than normal cells, offering
an explanation for the upregulation of DRS in transformed versus non-transformed cells.
As well, the induced acetylation following fludarabine treatment could lead to the

hyperacetylation of CLL cells and thereby inducing apoptosis, possibly through the

increased expression of genes such as DRS.
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