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Abstract

Breast cancer is the foremost cause of cancer-related deaths in New Zealand women.
Metastasis of breast tumours increases the likelihood of fatality of the disease as
treatment becomes more difficult and the tumours may interfere with the function of
multiple organ systems. Consequently, the identification of biomarkers that may
indicate the potential for a tumour to become metastatic are of great importance and

may allow for the selection of more targeted treatment regimes.

Heterochromatin Protein 1 (HP1) is a chromatin associating protein that facilitates
heterochromatic spreading through its interaction with trimethylated H3K9. There are
three HP1 isoforms found in mammals, HPla, HP1B and HP1y, each with differing
functions and chromatin localisation patterns. Previous research has demonstrated that
deregulation of either HP1a or HP1 expression occurs in several types of cancers. Both
increases and decreases in HPla expression have been reported in breast tumour
samples, with a decrease in HP1a associated with breast metastases. However, what role
loss of HPla may have in promoting a metastatic phenotype is unclear, and any

contribution of HP1p to this process is also explored.

This thesis examined the roles of HP1a and HP1 in breast cancer progression through
the creation of breast cancer cell lines with knock-down of either HP1a or HP1p. These
cell lines were characterised for changes in proliferation, cell cycle profile, global
chromatin compaction, invasive potential and anchorage independence. Though no
changes were observed in the majority of these characteristics, a novel role for HP1f as
a potential suppressor of anchorage independence was identified. Additionally, it was
found that HPla may act to enhance anchorage independence. This information could
help to further knowledge of how breast cancer cells proceed towards metastasis, and
provide new avenues of research into the potential for levels of HPla or HP1 to be

used as biomarkers for breast cancer progression.
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1. Introduction

1.1 Cancer

Cancer is defined as a malignant growth resulting from uncontrolled cell division. The
cell cycle is usually a carefully regulated process with a variety of check-points and
enzymes that control its progress, and consequently cells will divide only a fixed
number of times before becoming senescent (Campisi, 2005). In cancer, however,
deregulated cell division enables cells to proliferate unchecked and tumourigenesis
begins (Campisi, 2005). In addition to uncontrolled proliferation, tumourigenesis
requires other changes in cellular phenotype, such as a loss of contact inhibited growth
(Assoian, 1997; Bissell and Radisky, 2001; Freedman and Shin, 1974). As a primary
tumour develops it can establish its own blood supply to ensure that it can meet its

metabolic needs; this is a process known as angiogenesis (Weidner et al., 1992).

Following tumorigenesis, cancer cells may continue through the sequential series of
cellular events that result in metastasis (Bissell and Radisky, 2001; Steeg, 2006). Once
new blood vessels have been established, the cells may become anchorage-independent
(reduced need to adhere to extracellular matrix) and invade surrounding tissues and
move into the blood circulatory system, a process known as intravasion (Wyckoff et al.,
2000). Following this, the cells must be able to survive in the circulatory system without
being destroyed by immune cells (Chambers et al., 2002). Cells that move from the
circulatory system into surrounding tissue must be able to establish and maintain

sufficient growth to form metastases (Chambers et al., 2002).

Up-regulation or down-regulation of specific genes have been associated with
tumorigenesis. Mutations in proto-oncogenes encoding the signal transduction proteins
wingless-integration 1 (Wntl), avian myelocytomatosis virus oncogene cellular
homolog (c-Myc), extracellular-signal-regulated kinase (ERK) and rat sarcoma protein
(RAS) may up-regulate their expression (Bos, 1989; Little et al., 1983; Polakis, 2000;
Xia et al., 1995). The resulting de-regulated signal transduction can lead to decreased

apoptosis or increased proliferation in cancer cells (Cantley et al., 1991). For example,



one or more of the three ras genes, H-ras, K-ras, and N-ras, are mutated in many
cancer types, including some thyroid, liver and colon cancers (Bos, 1989). Ras
mutations can be an important step in tumourigenesis as cancer cells must be able to
overcome the senescence or apoptosis that normally results from oncogene over-
expression (Serrano et al., 1997). Conversely, mutations in tumour suppressor genes
results in lost or diminished function of the proteins they encode (Hanahan and
Weinberg, 2000). Like oncogenes, the proteins products of tumour suppressor genes are
often involved in cell cycle regulation and promoting apoptosis (Hanahan and
Weinberg, 2000). The retinoblastoma (RB) and p53 proteins are products of tumour
suppressor genes found to be lost in many cancer types, including 70% of colon cancers
(RB and p53) and 30-50% of breast cancers (p53) (Friend et al., 1987; Hollstein et al.,
1991; Levine et al., 1991; Toguchida et al., 1988).

1.2 Breast cancer

Breast cancer is the most commonly diagnosed form of cancer in women worldwide
(Tavassoli, 2003). Significantly, breast cancer is also the greatest cause of cancer-related
deaths in New Zealand women (M.O.H, 2004). Metastasis, where cells from the
primary tumour gain the ability to detach and spread into other areas of the body, is the
leading cause of death resulting from breast cancer (Chambers et al., 2002; Steeg,
2006). This is due to the serious challenge metastasis presents in treatment, as
metastatic lesions can continue to grow even after a primary tumour has been removed
(Chambers et al., 2002). Due to this, metastatic cells must be carefully targeted during
the therapeutic regimen to ensure that recurrence of the disease does not occur (Steeg,

2006).

Between 40% and 75% of all breast cancers diagnosed worldwide are of the ductal sub-
type, which arise from mammary ductal epithelial cells (Rakha et al., 2010; Tavassoli,
2003). These cells can undergo changes leading to increased proliferation, which may
result in atypical ductal hyperplasia, a benign lesion of the breast that can progress to
cancer (Page et al., 1985). Atypical ductal hyperplasias can develop into a ductal

carcinoma in-situ (DCIS), a non-invasive breast cancer (Silverstein et al., 1995). DCIS



have the potential to progress to form invasive ductal carcinomas, which invade into the
surrounding breast tissue (Oberman, 1987). From here, breast cancer cells may invade
the lymph nodes, or may move into the blood stream and metastasise to other organs
(Chambers et al., 2002; Weidner et al., 1991). Breast cancer is commonly found to

metastasise to areas such as brain, liver, lungs and bone (Paget, 1989).

1.2.1 Staging and clinical markers

Breast cancer is a complex disease with characteristic diagnostic stages. Each stage
can be determined by examining tumour size, whether any metastases to the lymph
nodes are present, or if any distant metastases are found (Singletary et al., 2002).
Stage 0 is defined as a carcinoma in-situ with no metastasis to lymph nodes or more
distant sites. Stage I is a tumour smaller than 2cm diameter; where micrometastases
may be present in less than three lymph nodes but there are no distant metastases.
Stages II-III are both characterised by a tumour that may be larger than 2cm, and
micrometastases may be found in four or more lymph nodes, but distant metastases
are absent. Stage IV describes breast cancer with distant metastatic tumours. Stages I-
III also have a variety of sub-stages dependent on tumour size and which lymph

nodes the cancer has spread to (Singletary et al., 2002).

In addition to breast cancer staging, other clinical biomarkers are examined to assess
the severity of the disease, to determine a prognosis, and to help to decide upon the
optimal treatment regime (Clarke et al., 1998; Yamauchi et al., 2001). The level of
the human epidermal growth factor receptor 2 protein (HER2/neu) has been
established as an important biomarker (Slamon et al., 2001). Increases in HER2/neu
have been shown to occur in around 30% of breast cancers, and this is associated
with increased recurrence of the cancer and poor patient prognosis (Slamon et al.,
1987; Slamon et al., 1989). Specialised treatments can be administered to reduce
HER2/neu activity, currently by using a recombinant monoclonal antibody

(Herceptin) that blocks the HER2/neu receptor (Slamon et al., 2001).

Similarly, determining whether breast cancer cells express estrogen receptors (ERs)



is important to establish whether or not treatments that block ER activity will be
effective (Clarke er al., 1998). Estrogen stimulates proliferation in mammary cells,
and around 70% of breast tumours have been shown to be ER positive (Harvey et al.,
1999). Breast cancer cells that do not express ERs are associated with higher disease
recurrence rates, a poorer prognosis and increased growth rates (Schottenfeld et al.,
1976). For this reason, use of immunohistochemistry to determine ER status can aid
in selecting an effective treatment plan, as the ER positive cells can be targeted by
ER antagonists such as tamoxifen, but the ER negative cells will be less sensitive to

them (Clarke et al., 1998; Harvey et al., 1999).

While the biomarkers and clinical staging of breast cancers mentioned here provide a
basis for determining an optimal treatment plan, further characterisation of the
molecular mechanisms involved in metastasis and cancer progression would enable
treatment to become even more specific. Examining changes in gene expression or
post-translational modification of proteins may also allow for better prediction of

breast cancer metastasis, and enhanced efficacy of current treatment regimes.

1.2.3 Molecular mechanisms of metastasis

As mentioned earlier, mutations in tumour suppressor genes and proto-oncogenes
contribute to tumorigenesis. There are a number of other genes that are important for
metastasis, and some of the genes implicated in breast cancer metastasis have been
identified. Over-expression of the transcription factor Twist is thought to contribute to
metastasis by promoting an epithelial-mesenchymal transition (Yang et al., 2004).
Repression of Twist increased metastasis of primary mammary tumours in mice, and
was found to be highly expressed in the highly-infiltrating and invasive lobular
carcinoma in humans (Yang et al., 2004). Maspin, the product of the SERPINBS5 tumour
suppressor gene, has been implicated in preventing metastasis in breast cancer cells
(Zou et al., 1994). It was found to inhibit the ability of invasive breast cancer cells to
metastasize in mice, and was also shown to be lost in human advanced breast tumour
samples (Debies and Welch, 2001). Similarly, the proto-oncogene ERBB2 gene (encodes

the HER2/neu protein) has been found to be important in the progression of certain



types of aggressive breast cancer (Slamon et al., 1987). Additionally, a series of genes
known as metastasis suppressors have been found to have the ability to prevent
metastasis in breast cancer cells (Hunter er al., 2001). Allelic variation in one of these
genes, the BRMSI metastasis suppressor gene, has been shown in mice to cause

variation in the ability of mammary tumours to metastasise (Hunter et al., 2001).

As already mentioned, some genes have been implicated in breast cancer metastasis, but
there is still much that is unknown about the underlying molecular mechanisms of
metastasis. In recent years, epigenetics has emerged as a factor in cancer development
and progression. Changes in chromatin structure and genomic stability have been
observed in breast tumours. Mammary tumour samples with cells displaying larger
nuclei have been shown to correlate with an increase in aggression and mortality, and
that breast cancer is associated with a loss of specific genomic organisation
(Komitowski and Janson, 1990; Komitowski et al., 1993). Large scale changes in
chromatin structure have also been observed in breast tumour samples, with aneuploidy
and chromosomal rearrangements also not uncommon (Dutrillaux et al., 1990). The
changes in chromatin structure and genome stability seen in breast tumours raises the
question of whether these changes might be caused by abnormal chromatin regulation.
Histone modifications, DNA methylation and chromatin modification need to be further

examined to define their potential roles in cancer progression.

1.3 Regulation of chromatin

1.3.1 Chromatin structure and function

DNA is packaged into chromatin, a structure that compacts, constrains and folds strands
of DNA using histone and non-histone proteins (Jenuwein and Allis, 2001). Around 147
base pairs of super-helical DNA are wrapped around a histone octomer comprised of
two histone H2A/H2B dimers and two histone H3/H4 dimers, forming a nucleosome
core structure (Luger et al., 1997; McGhee and Felsenfeld, 1980). This structure is
found roughly every 200 = 40 base pairs in eukaroytic genomes (McGhee and

Felsenfeld, 1980). Nucleosomes, which are further stabilised by the linker histone H1,



are coiled together to form 30 nm fibres (Felsenfeld and McGhee, 1986). These can be

further packed to form higher order chromatin structures, including chromosomes.

Chromatin can be divided into two sub-categories based on its state of compaction:
euchromatin and heterochromatin. Euchromatin is generally less condensed, has a more
“open” structure, and is associated with higher transcriptional activity than
heterochromatin (Jenuwein and Allis, 2001). Heterochromatin is typically highly
condensed and less transcriptionally inactive, owing in part to a greater inaccessibility
to transcriptional machinery (Jenuwein and Allis, 2001). Heterochromatin generally
contains less protein coding genes than euchromatin. However, it does contain some
genes that are important for chromosome structure or functions, including meiotic
homologue pairing and maintenance of telomeres and centromeres (de Lange, 2005;
Dernburg et al., 1996; Karpen et al., 1996; Yasuhara and Wakimoto, 2006).
Transcriptionally silent heterochromatin can be further sub-categorised into facultative
and constitutive heterochromatin. Constitutive heterochromatin describes regions of
chromosomes that remain condensed in all cell types, such as at telomeres and
centromeres (Grewal and Jia, 2007). Facultative heterochromatin, in contrast, has the
ability to convert between euchromatin and heterochromatin (Trojer and Reinberg,
2007). This can restrict transcription to specific times, such as during certain

developmental states or phases of the cell cycle (Trojer and Reinberg, 2007).

In addition to its roles in gene silencing, heterochromatin also has a role in genomic
stability. Studies have found that compromised heterochromatin composition (resulting
from mutating genes that regulate heterochromatin structure) caused an increase in
spontaneous DNA damage in the heterochromatin of somatic and meiotic cells (Peng
and Karpen, 2009). Heterochromatin formation is also necessary to maintain the
stability of repeat DNA sequences, potentially by preventing inappropriate homologous
recombination (Peng and Karpen, 2007). Decreased levels of heterochromatin in mice
and Drosophila have also been shown to increase chromosomal instability, generating
defects in chromosomal compaction and segregation during mitosis (Peters et al., 2001;

Yan et al., 2011).



1.3.2 Histone and DNA modifications

As mentioned, the protein component of a core nucleosome is made up of the H2A,
H2B, H3 and H4 histones. These are small basic proteins consisting of a globular
domain and a flexible, charged NH,-terminus (often referred to as the “tail”) that
projects from the nucleosome (Jenuwein and Allis, 2001). Enzymes such as histone
methyl transferases, histone deacetylases and histone acetyl transferases specifically
either add or remove post-translational modifications to histone tail amino acid residues
(Strahl and Allis, 2000). The resulting methylation, acetylation or phosphorylation
marks create a dynamic histone “code” that can be recognised by other proteins

(Jenuwein and Allis, 2001).

Specific histone modifications have been associated with cellular functions including
transcriptional activation or silencing and chromosome condensation (Strahl and Allis,
2000). Transcriptionally active and “open” euchromatin has been found to be associated
with methylation of H3 at lysine four, whereas methylation of H3K9 can be associated
with less transcriptionally active and more condensed heterochromatin (Kouzarides,
2007). Histone acetylation is often associated with transcriptional activation, while
deacetylation correlates with transcriptional repression (Kouzarides, 2007). Other
histone tail modifications, such as phosphorylation of histones H1 and H3, have been
implicated in chromosome condensation during mitosis (Bradbury, 1992; Koshland and
Strunnikov, 1996). H3 phosphorylation at serine ten, potentially together with
phosphorylation of H3 at serine 28, may also be required for correct chromosome

condensation and segregation in mitosis (Hendzel, 1997; Wei et al., 1999).

DNA itself can also be modified by the addition or removal of methyl groups to
cytosine or adenines by DNA methyl transferases, typically at CpG nucleotide
sequences (Bird, 1992, 2002). This form of methylation is generally associated with
transcriptional silencing, potentially by physically blocking transcriptional machinery or
by recruiting other histone modifying proteins that promote heterochromatin formation
(Bird, 2002). Global DNA methylation has been implicated in silencing of certain genes

expressed only during particular developmental stages (Jaenisch, 1997).



1.3.3 Epigenetic regulation and cancer

Altered gene expression and mutations have been well-established as contributors to
cancer progression. However, changes in DNA methylation and histone
modifications have also been implicated in tumourigenesis and cancer progression,
possibly through altering gene expression patterns (Jones and Baylin, 2007). DNA
methylation-mediated silencing of genes required for normal cell function has been
suggested to be an early event during cellular transformation. Loss of these genes can
remove the safeguards that prevent abnormal proliferation, allowing tumorigenesis to
begin (Jones and Baylin, 2007). Conversely, a decrease in DNA methylation may be
an important event in establishing neoplasia, which is the abnormal new growth of
cells (Feinberg and Vogelstein, 1983). Hypomethylation of several genes has been
observed in cells extracted from tumour samples, but not in the same genes in normal

tissue (Feinberg and Vogelstein, 1983).

Changes in histone modifications have also been shown to play a role in cancer. It
has been suggested that a global loss of both monoacetylation at lysine 16 and
trimethylation at lysine 20 of histone H4 is a hallmark of cancer, as this change is
seen in leukaemia and lymphoma cell lines but is not present in normal tissue
samples (Fraga et al., 2005). Alterations in other global histone marks have also been
associated with a poorer outcome in cancer (Rogenhofer et al., 2012; Schneider et
al., 2011). A decrease in global trimethylation of lysine 20 on histone H4 in human
bladder cancers has been shown to correspond with increased patient mortality
(Schneider et al., 2011). Similarly, renal cell carcinomas show a global decrease in
levels of histone H3 lysine 9 mono-methylation compared to benign renal tissue
samples, and this decrease correlates with a poor patient prognosis (Rogenhofer et
al., 2012). Altered levels of histone modifications such as those mentioned here may
disrupt the histone “code” in cancerous cells, potentially impacting the proteins that
recognise specific histone marks. One such protein is Heterochromatin Protein 1
(HPT), which interacts with trimethylated lysine 9 of histone H3 (Lachner et al.,
2001).



1.4 Heterochromatin Protein 1

1.4.1 Discovery

In 1981, a study by Reuter and Wolff (1981) was carried out to identify genes in
Drosophila involved in suppressing position-effect variegation. This is a form of mosaic
silencing resulting from a euchromatic gene being placed within or next to
heterochromatin (Sinclair et al., 1983; Wustmann et al., 1989). Fifty mutations capable
of suppressing position-effect variegation were identified (Reuter and Wolff, 1981). One
of genes found to suppress position-effect variegation, Su(var)2-5, was mapped to the
Drosophila 2L chromosome and the protein it encoded was identified as a non-histone
chromosomal protein that associated with heterochromatin (James and Elgin, 1986).
This protein was given the name Heterochromatin Protein 1 (HP1), and mutational
analysis confirmed that the mutant form of this protein could no longer suppress
position-effect variegation, providing an insight into its role (Eissenberg et al., 1990).
HP1 was subsequently shown to be essential in Drosophila, as all known mutations in
the Su(var)2-5 gene are recessive lethal (Eissenberg and Elgin, 2000). In the years that
followed, homologues of HP1 were found in eukaryotes ranging from Sacchromyces
pombe to humans (Lorentz et al., 1994; Saunders et al., 1993b; Singh et al., 1991a; Ye
and Worman, 1996).

1.4.2 HP1 Isoforms

The HP1 isoforms are largely conserved among metazoans (Lomberk et al., 2006; Singh
et al., 1991b). Mammalian cells each contain three HP1 isoforms, in humans these are
named HPlo, HP1P and HP1y (Lomberk et al., 2006). HP1a was the first of the HP1
proteins to be identified in humans through its high DNA sequence homology to
Drosophila HP1 (Saunders et al., 1993a). The gene encoding human HP1f was initially
mistaken for a copy of HP1a, and the human HP1y protein was identified due to its 98%
shared amino acid sequence with the mouse chromodomain protein (Singh ef al., 1991b;
Ye and Worman, 1996). The three human HP1 proteins are encoded by the chromobox
homolog (CBX) genes; CBX5 (HP1a), CBX1 (HP1B) and CBX3 (HP1y) (Li et al., 2002;



Ye and Worman, 1996). The translated human HPla, HP1B, and HP1y amino acid
chains are 191, 185 and 173 residues in length respectively, and sequence homology
between these and the Drosophila HP1 protein is reasonably high (between 49% and
54% amino acid sequence identity) (Li et al., 2002; Saunders et al., 1993a; Singh et al.,
1991b). Each of the three human HP1 proteins are around 25 kDa in molecular weight
(Li et al., 2002).

1.4.3 HP1 structure

All HP1 proteins identified in eukaryotes share well-conserved structural
characteristics: all are relatively small (15-35 kDa), and each have an amino-terminal
chromodomain and an carboxy-terminal chromoshadow domain linked by an
unstructured, variable hinge region (Figure 1.1). A 44 amino acid sequence motif within
HP1 has been found to be identical to a protein domain in the Drosophila homeotic gene
silencer Polycomb (Paro and Hogness, 1991). This domain was named according to its
function as a ‘“chromosome organisation modifier”, or “chromodomain” (Paro and
Hogness, 1991). Interestingly, the chromodomain of HP1 was shown to be functionally
interchangeable with the Polycomb chromodomain (Ball et al., 1997). The HPI1
chromodomain consists of an o helix packed against a three-stranded [ sheet, and has an
overall negative surface charge distribution that is well-suited for protein-protein
interaction (Ball et al., 1997; Platero et al., 1995). A fusion protein containing only the
chromodomain of HP1 has been shown to be sufficient for targeting to heterochromatin.

(Ball et al., 1997).

The HP1 chromoshadow domain is similar to the chromodomain in the primary
sequence. It forms a hydrophobic binding pocket, and, unlike the chromodomain, forms
a tightly associated symmetrical dimer (Brasher et al., 2000; Cowieson et al., 2000).
The chromoshadow domain is able to interact with a large variety of proteins, which
often contain the PXVXL pentapeptide motif (Li et al., 2002; Thiru et al., 2004). The
way it interacts with these proteins can be somewhat unusual; a study examining the
binding of HPIP to a peptide containing the PXVXL motif showed that the interacting

peptide bound across the dimer interface, and was sandwiched in a B-sheet between

10



(a) ATG" Stop

- .

Exon 1 Exon 2 Exon 3 Exon 4 Exon §

k_Y_};Y_)

(b) / /
) e .

(c)

Chromodomain Chromoshadow
domain

Figure 1.1 General structure of all HP1 proteins and their encoding genes (adapted from
Lomberk et al., 2006) (a) Conserved genomic structure of all genes encoding HP1
proteins. (b) Linear arrangement of the domains of the HP1 proteins. N represents the
amino terminus, C the carboxy terminus. (¢) Three dimensional structures of the murine

HP1B chromodomain and chromoshadow domain

11



strands from each monomer (Thiru et al., 2004).

1.4.4 HP1 localisation

Each HP1 isoforms exhibits distinct localisation pattens on chromatin. HPla and HP13
are mainly found in constitutive heterochromatin, however their distribution does not
entirely overlap, suggesting some unique functions (Bartova et al., 2007; Dialynas et
al., 2007). HP1y, on the other hand, differs from HP1a and HP1p in that it is typically
associated with both euchromatin and heterochromatin (Minc et al., 1999; Minc et al.,
2000). Yet only a portion of each of the three HP1 isoforms remains bound to chromatin
at any given time. Their association with chromatin appears to be dynamic and cell-
cycle dependent (Dialynas et al., 2007). Most of the HPla protein moves into the
cytoplasm during mitosis, but some remains associated with pericentric heterochromatin
(Schmiedeberg et al., 2004). HP1a has been shown to be the only HP1 isoform that
localised to the metaphase centromere, while HP1p localised most strongly to the
interphase centromere out of all three isoforms (Hayakawa et al., 2003). The dynamic
nature of HP1 binding results may permit the unbound HP1 proteins to participate in
other roles such as chromosome segregation and double-stranded break repair

(Ainsztein et al., 1998; Obuse et al., 2004; Song et al., 2001).

1.5 The role of HP1 in chromatin

As shown in Figure 1.2, the current model for HP1-mediated spreading of
heterochromatic silencing proposes that HP1 binds to trimethylated H3K9, a mark
enriched in heterochromatin, and recruits the SUV39HI histone methyl transferase
(Bannister et al., 2001; Lachner et al., 2001). SUV39HI then methylates
neighbouring H3K9 residues, which recruits more HP1 (Bannister et al., 2001). HP1-
mediated heterochromatin spreading is important in mediating silencing and proper
chromatin compaction, but HP1 has also been implicated in processes such as
telomere stability, chromosome segregation and nucleosome assembly (Ainsztein et

al., 1998; Sharma et al., 2003; Vassallo and Tanese, 2002).
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Active chromatin Spreading of silenced and
HP1-coated heterochromatin

Figure 1.2 Model for heterochromatic spreading carried out by the SUV39H1/HP1
complex (Bannister et al., 2001). Tri-methylated lysine 9 of histone H3 (orange) recruits
HP1 (green) which in turn recruits a silencing complex containing the SUV39HI1
methylase (brown). Further methylation of H3K9 by SUV39HI propagates

heterochromatic silencing along the DNA strand
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1.5.1 Telomere stability and chromosome segregation

HP1 is important for maintaining telomeres, and has a role in chromosome
segregation via its association with centromere proteins. HP1 is commonly found at
telomeres, and HP1 mutant Drosophila larval neuroblasts have been shown to display
a high frequency of telomere associations (Fanti et al., 1998). This implies that HP1
had a function in telomere stability, and indeed, over-expression of HP1a and HP1f
in human cells correlated with a decrease in associations between telomeres and
human telomerase reverse transcriptase hTERT, a a catalytic subunit of telomerase
(Sharma et al., 2003). In addition to having abnormal telomeres, Drosophila HP1
mutants were found to be deficient in the ability to segregate chromosomes (Kellum

and Alberts, 1995; Lu et al., 2000).

A study by De Koning et al. (2009) investigated the effects of decreased HPla on
chromosome segregation in HeLa cells. Cells with HPla knock-down induced via
siRNA interference exhibited a greater proportion of chromosomes that were
misaligned, lagging, or had bridges between them. This result was not observed when
HP1B or HP1y were knocked down (De Koning et al., 2009). This indicates that HP1a
may be important for chromosome segregation, a function that could be mediated
through the proteins HPla interacts with. A specific kinetochore protein, hMis12,
specifically associates with HP1la (Obuse et al., 2004). This protein is conserved in
eukaryotes, and is essential for correct chromosome segregation (Obuse et al., 2004).
Similarly, the inner centromere protein (INCENP) also interacts with HPla during
centrosomal targeting and this aids in readying INCENP for its other cystoskeleton-

based mitotic functions (Ainsztein et al., 1998).

HP1p has also been shown to play a role in chromosome segregation (Aucott et al.,
2008). Cells isolated from the brains of mice with a null homozygous CBXI mutation
exhibited profound genomic instability, including a significant increase in unpaired
sister chromatids, premature centromere division, miconuclei formation, ploidy and
the formation of diplochromosomes (chromosomes with four chromatids) compared

to wild type mice (Aucott et al., 2008). These events signifying genomic instability
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occurred at a rate of less than 5% in wild type cells but increased to at least 38% in
the CBXI null mice, emphasising a critical role for HP1P in maintaining genomic

stability in mice (Aucott et al., 2008).

1.5.2 Duplication of heterochromatin

HP1 has been implicated in nucleosome assembly during DNA replication through its
interaction with a PXVXL motif in the p150 subunit of the chromatin assembly factor 1
protein (CAF-1) (Lechner er al., 2000; Murzina et al., 1999). The CAF-1 complex
facilitates deposition of histone H3 and H4 onto newly replicated DNA at the replication
fork (Kaufman et al., 1995). The association of HP1 with CAF-1 at the replication fork
provides a potential mechanism for re-establishing disrupted HP1-H3K9 binding during
nucleosome assembly (Kaufman ez al., 1995). HP1 may then recruit other proteins
involved in heterochromatin formation, thus ensuring proper duplication of

heterochromatin during DNA replication (Maison and Almouzni, 2004).

1.6 Other functions of HP1

1.6.1 HP1 and DNA repair

Roles for the HP1 proteins in several DNA repair pathways have been proposed. HP1a
interacts with Ku70, a protein that binds to DNA double-stranded break ends and that is
necessary for the non-homologous end-joining repair pathway (Song et al., 2001).
BRCALI is a second DNA repair protein that associates with HP1a, but is involved in the
homologous recombination repair pathway (Maul et al., 1998). All three human HP1
isoforms were shown to be recruited to UV-induced DNA lesions in a study carried out
by Luijsterburg et al. (2011). They also concluded that the HP1 chromodomain was the
most important for this function, and that Caenorhabditis elegans with HP1a knock-out
were more susceptible to DNA damage caused by UV (Luijsterburg and van Attikum,
2011).
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1.6.2 HP1 in transcriptional regulation

Each of the three HP1 isoforms may have roles in regulating transcription. HP1a has
been found to directly associate with proteins that modify DNA or regulate
transcription. These include the transcriptional co-repressor Kapl-Tifl (Kruppel-
associated box (KRAB)-associated protein/transcriptional intermediary factor 10)
and TAF;130 (TATA-binding protein associated factor p130, a co-activator for
multiple proteins that regulate transcription) (Nielsen et al., 1999; Vassallo and
Tanese, 2002). Both HPla and HPI1f interact with DNA methyl transferase-3a
(Dnmt3a), and HP1p also binds to the DNA methyl transferase Dnmt1 (Bachman et
al., 2001; Fuks et al., 2003). As both Dnmtl and Dmnt3a possess transcriptional
regulation activity independent of their methylation activity, an interaction of HPla
and HP1p with these proteins represents another mechanism through which HP1 may

participate in gene regulation (Fuks ef al., 2003).

HP1p can act as a negative regulator of the HIV1 long terminal repeat promoter, and
is present at the promoter with a non-processive RNA polymerase Il prior to
activation (Mateescu et al., 2008). Post-activation, however, HP1 is replaced by
HP1y which then localises inside the coding region with a processive RNA
polymerase II (Mateescu et al., 2008). Another study has shown that HP1y can a bind
to the TAF;130 transcriptional regulator protein, further demonstrating that HP1y has

arole in transcriptional regulation (Vassallo and Tanese, 2002).

In order for specific proteins to effectively bind to DNA, an interaction with HP1f
may be required (Shiota et al., 2010). The androgen receptor (AR) is a member of the
class I subgroup of the nuclear receptor family, and also a ligand dependent
transcription factor (Fujimoto et al., 1999). This receptor has been shown in a GST
pull-down assay to interact with HP1, but not HP1a or HP1y (Shiota et al., 2010).
This interaction was found to be mediated through the HP1p chromodomain and
DNA binding of AR was decreased when HP1 was knocked down through siRNA
targeting (Shiota et al., 2010).
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1.6.3 HP1 as a tumour suppressor

Evidence that HP1 may have a role in tumorigenesis has been revealed using a
JAK/STAT overexpression model. Over-expression of the JAK/STAT pathway
contributes to the establishment of several types of cancer in humans and this
pathway also contributes to tumorigenesis in Drosophila (Bromberg, 2001; Shi et al.,
2006). A study using Drosophila has demonstrated that when the JAK/STAT pathway
was over-expressed, tumour-like lesions were observed (Shi et al., 2006). However,
loss of the HP1 protein through mutation of the HP1 gene caused an increase in the
number of lesions. Correspondingly, an increase in wild-type HP1 expression lead to
a reduction in lesion numbers (Shi et al., 2006). This collectively demonstrates that

HP1 may be capable of acting as a tumour suppressor in Drosophila.

1.7 Transcriptional regulation of HP1

Significant advances have been made in revealing how expression of HPla could be
regulated. The invasive breast cancer cell line MDA-MB-231 exhibits decreased levels
of HPla protein and mRNA compared to the non-invasive MCF-7 breast cell line
(Kirschmann et al., 1999; Thomsen et al., 2011). Thomsen et al. (2011) examined levels
of tri-methylated lysine 36 on histone H3 (a mark that indicates transcriptional activity)
at the CBX5 promoter, and found these to be decreased in the MDA-MB-231 cells. This
decrease also correlated with lower levels of basal transcription factors bound at the
CBXS5 promoter in the MDA-MB-231 cells (Thomsen et al., 2011). The differences in
HP1a expression between MCF-7 and MDA-MB-231 cells were not found to be due to
differences in DNA methylation of the CBX5 gene. However, several protein binding
sites were identified within the promoter that may be involved in regulating HPla

expression (Norwood et al., 2004).

A study conducted by Lieberthal et al. (2009) further characterised transcription factor
binding sites within the CBX5 promoter. Several DNA binding sites for the yin-yangl
(YY) transcriptional regulator, nuclear respiratory factor-1 (NRF-1) and also a site for

E2F were found in the CBXS5 promoter (Lieberthal et al., 2009). The YY1 sites initially
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appeared to be important for regulating CBX5 promoter, but further investigation
revealed that HPla expression did not appear to change if YY1 levels were decreased
(Lieberthal et al., 2009). However, another study has shown that the E2F5 transcription
factor may regulate transcription of the CBX5 gene, as HP1oo mRNA decreased in cells
with reduced levels of E2F5 (Thomsen et al., 2011). Further research is required to fully
define the transcriptional regulation of HP1a, as well as that of HP1p and HP1y.

1.8 Human HP1 expression

Ritou et al. (2007) have investigated levels of HP1 isoforms in a comprehensive range
of human tissues. During initial microarray analysis, HP1y mRNA levels were found to
vary little between different tissue types (Ritou et al., 2007). Consequently, only HP1a
and HPIP protein levels were examined using immunohistochemical staining. A
summary of the staining results for each tissue type can be seen in Table 1.1.
Additionally, levels of all three HP1 isoforms were investigated in blood cells. Down-
regulated HP1P and HP1a expression were observed during erythropoesis, but also that
all three isoforms were present in peripheral blood leukocytes (Ritou et al., 2007). The
tissue-dependent expression of HPla and HPI seen in this study suggests that these

isoforms are not essential in all human cell types.

1.9 HP1 expression in cancer

Decreased expression of a specific HP1 isoform has been reported in several cancer
types. Studies using microarray analysis have demonstrated that reduced HPla
mRNA levels can be found in metastatic colon cancer cell lines, and also in 83% of
papillary thyroid tumours compared to normal thyroid tissue samples (De Lange et
al., 2001; Wasenius et al., 2003). A third microarray study was conducted using
medulloblastoma tumours, which also showed down-regulation of HPla mRNA
expression (Pomeroy et al., 2002). Immunohistochemical staining of a thyroid tissue
microarray containing samples ranging from normal tissue to advanced thyroid
tumours showed that a decrease in HP1 staining correlated with cancer progression

(Contreras et al., 2009). Lastly, HP1y expression is down-regulated in some ovarian
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Tissue/cell type | HPia | HP1B
Skin

Stratum basalis + +
Stratum spinosum + +
Stratum granulosum + +
Stratum lucidum -1+ +
Stratum corncum -+ +
Sebaseous glands +/- +
Sweat glands + +
Liver

Hepatocytes = =
Kupffer cells - +
Bile duct cells + +
Marrow

Megakaryocytes + =
Proerthryblasts + +
Basophilic erythroblasts -+ -+
Normoblasts - -
Promyelocytes + +
Early myelocytes - -/+
Metamyelocytes -/+ =
Seminiferous tubules

Sertoli cells + -/+
Spermatogonia - +
Primary spermatocytes + +
Secondary spermatocytes -+ +
Spermatazoa - -
Stomach

Smooth muscle fibres +/- +
Gastric gland (surface) +/- +
Gastric gland (deep position) +/- -+
Skeletal muscle

Muscle fibres +/- +/-
Fibroblasts +/- +
Adipocytes +/- ND
Mammary gland

Epithelial cells +/- +
Myoepithelial cells +/- +

Table 1.1 Summarised results of immunohistochemical staining of HPla and HP1f in
human tissues (Ritou er al. 2007).+ indicates strong staining, - indicates undetectable
staining, +/- denotes weak staining in most cells of this type, and -/+ indicates that there

was no staining in most cells of this type. ND is not determined.
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cancer cell lines relative to control cell lines (Maloney et al., 2007).

Enhanced expression of the HP1 isofoms have also been seen in some cancer types.
A study by Popova et al. (2006) demonstrated that HP1a, HP1p and HP1y protein
levels were significantly increased in peripheral blood leukocytes of patients with
advanced leukaemia compared to peripheral blood leukocytes from normal donors or
chronic myeloid leukaemia patients (Popova et al., 2006). Similar increases in HP1y
protein were observed in seminoma tumours, which are germ cell cancers of the
testes, and increased HPla levels have also been seen in teratomas (encapsulated
tumours containing several types of tissues that are not native to the tumour location)
with epithelial and neuronal differentiation (Bartkova et al., 2011). Up-regulated
HP1p expression has been correlated with an increased likelihood of cancer

progression in prostate tumour samples (Shiota ez al., 2010).

The studies mentioned here demonstrate that HP1 isoforms in cancer may be either
up-regulated or down-regulated in specific tumour varieties. As altered HP1 isoform
levels are seen in such a variety of tumour types and cancer cell lines, this may
suggest that deregulation of the normal expression patterns of the HP1 proteins

contributes to cancer progression.

1.9.1 HP1o in breast cancer

HP1a expression is also altered in breast cancer cell lines and tumours (De Koning et
al., 2009; Kirschmann et al., 1999). Reverse transcriptase polymerase chain reaction
was used to demonstrate that the invasive breast cancer cell lines HS578T and MDA -
MB-231 exhibited little HP1a expression and no decrease in either HP1B or HP1y
when compared with the non-invasive (HPla-expressing) breast cancer cell lines
MCF-7 and T47D (Kirschmann et al., 1999). A second study by De Koning et al.
(2009) examined protein levels of HPla, HP1B and HP1y in two breast cell lines,
Hs578T and Hs578Bst. These cell lines were originally derived from the same
patient, Hs578T from a carcinosarcoma of epithelial origin, and Hs578Bst from

normal tissue peripheral to the tumour (Hackett ez al., 1977). The Hs578T cells were
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shown to have increased HP1ao mRNA and protein levels from both chromatin bound
and soluble fractions, compared to the Hs578Bst cells (De Koning et al., 2009).
HP1pB and HP1y levels were reported to be the same in both cell lines (De Koning et
al., 2009). Collectively this evidence indicates that deregulation of normal HPla
expression patterns may be an important biomarker in defining breast cancer

progression.

Studies have established a correlation between decreased HPla and enhanced
invasive potential in breast cancer cell lines. Norwoord et al. (2006) created MCF-7
cell lines with stable HP1a knock-down which were assayed for changes in invasive
potential. This was measured by determining the percentage of cells able to pass
through pores in a plastic membrane that had been coated with extracellular matrix
proteins (Kirschmann et al., 2000). It was found that MCF-7 cells with decreased
HP1la were up to 50% more invasive than the MCF-7 control cell lines (Norwood et
al., 2006). Additionally, studies have examined whether re-introducing HP1a could
“rescue” invasive MDA-MB-231 cells. The MDA-MB-231 cells with re-introduced
HPla did in fact become up to 30% less invasive; further supporting the idea that

HP1a has a causal role in invasion (Kirschmann et al., 2000).

Altered levels of HP1a have also been observed in breast malignancies compared to
normal tissue, although contrasting results have been reported. One specific study by
Kirschmann et al. (2000) examined normal breast tissue, primary mammary tumours
and breast metastases using immunohistochemical staining with an antibody raised
against HPla. This study demonstrated that seven out of nine breast metastases
displayed a decrease in HP1a when compared to primary breast tumours and normal
breast tissues. HPla staining in the normal breast tissues and in the primary tumours

was shown to be similar (Kirschmann et al., 2000).

A second study carried out by De Koning et al. (2009) also examined HP1a levels in
breast tumours and normal tissue samples using immunohistochemical staining with
antibodies raised against HPla. Interestingly, this study observed an increase in

HPla levels in pancreatic, uterine, prostate and breast tumours compared with
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normal tissue samples (De Koning et al., 2009). HP1la protein levels were further
examined specifically in breast tumour samples, and 64 out of 86 primary breast
tumours were reported to have increased HP1a staining compared to matched normal
breast tissue samples. De Koning et al. (2009) also stained breast tumour and normal
breast tissue samples for HP1f and HP1y protein, but reported these two isoforms

were unchanged between the samples.

The differences in HP1a levels observed in breast tumour samples in the De Koning
et al. (2009) and Kirschmann ef al. (2000) studies may be attributed to several
factors. First, these studies wused different HPlo antibodies for the
immunohistochemical staining. The Kirschmann e al. (2000) study used a mouse
polyclonal human HP1la antibody, whereas De Koning et al. (2009) used a mouse
monoclonal human HPla antibody and also a rabbit polyclonal human HPla
antibody. Second, these studies used different methods for fixing and staining the
breast tumour or normal tissue samples. These variations in both antibodies and in
the procedures used could result in different levels of HPla staining that is not
reflective of increased or decreased HPla in the tissue samples. Further studies
exploring immunohistochemical staining in breast tumour samples is needed to

clarify whether this is the case.

The study carried out by De Koning er al. (2009) also investigated the prognostic
value of HP1a over-expression in breast tumours. This was carried out by examining
HP1lo mRNA levels in primary breast tumour samples and correlating these with
patient outcomes. Twenty-two patients with increased HP1ao mRNA were found to
have, on average, decreased survival times, disease-free intervals and metastasis-free
intervals compared to 64 patients with lower HP1oo mRNA levels (De Koning et al.,

2009).

Overall, the studies described highlight an interesting trend in HPla levels during
breast cancer progression; a potential increase in HPla levels in primary breast
tumours, followed by a decrease in metastatic tumours (De Koning et al., 2009;

Kirschmann et al., 2000; Norwood et al., 2006). Further research is needed to
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determine how HPla expression fluctuates during breast cancer progression,

focussing on how de-regulated HP1a expression could be established.

1.10 Exploring the consequences of HP1a and HP1p reduction in breast

cancer cell lines

Altered levels of one or more of the three human HP1 isoforms have been demonstrated
in several tumour types, including in breast neoplasms (Bartkova er al., 2011; De
Koning et al., 2009; Pomeroy et al., 2002). Decreased HP1a levels were were seen in
breast metastases in one study, but a second study has reported that primary breast
tumours have increased HPla compared to normal tissue samples (De Koning et al.,
2009; Kirschmann et al., 2000). A causal role for HP1a as a suppressor of invasion has
also been established in breast cancer cell lines (Kirschmann et al., 2000; Kirschmann
et al., 1999). Collectively this evidence suggests that HP1a has a role in breast cancer
progression, potentially in preventing invasion. However, other roles are also possible
as HPlo has been implicated in processes such as DNA repair and telomere stability
(Sharma et al., 2003; Song et al., 2001). Altered levels of HP1p have also been reported
in tumour types such as thyroid and prostate, but levels of HP1p in breast tumours have
not been examined in detail (Contreras et al., 2009; Shapiro et al., 2008). Additionally,

any role that HP1f has in breast cancer progression is yet to be investigated.

This study plans to establish non-invasive MCF-7 breast cancer cell lines with
decreased HP1a or HP1B expression to be able to characterise them for changes in
processes such as growth, anchorage independence and invasive potential. It is
envisaged that more can be learned about the role of HPla in breast cancer progression,
and also whether HP1p is involved. This research will contribute to our knowledge of
the molecular basis of breast cancer progression, and could potentially pave the way for

more effective treatments to be developed.

1.10.1 Specific research aims

Specific research objectives to further define the role of HP1 in breast cancer
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progression are as follows:

©+ To establish non-invasive MCF-7 breast cell lines with stable knock-down of
HPlo or HP1pB

© To characterise the MCF-7 HP1a or HP1B knock-down cell lines for changes in
growth

&t To characterise the MCF-7 HP1a or HP1PB knock-down cell lines for altered in
vitro metastatic potential

©+ To establish a MDA-MB-231 (invasive breast cell line) cell line with enhanced

expression of HP1a
These objectives will be achieved using a range of molecular techniques and cell-based

assays, including transfection of shRNA expressing plasmids, anchorage independence

assays, proliferation assays, and through transfection of an inducible expression system.
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2. Materials and Methods

2.1 Materials

2.1.1 Cell culture

Dulbecco's Modified Eagle Medium (DMEM, high glucose), Opti-MEM, foetal bovine
serum (FBS), 0.05% trypsin-EDTA, phosphate buffered saline (PBS),
penicillin/streptomycin (penstrep, 100x), geneticin, Zeocin™ and hygromycin were
purchased from Life Technologies, Carlsbad, CA, USA. Cell culture flasks (75 cm? and
25 cm?), 96 well plates, six well plates and 24 well plates were all purchased from
Becton Dickinson, Franklin Lakes, USA. Ten centimetre tissue culture dishes were
obtained from Thermo Fisher Scientific, Waltham, MA, USA. Dimethyl sulfoxide
(DMSO), B-estradiol, doxycycline and bovine insulin were purchased from Sigma
Aldrich, St Louis, MO, USA. Millicell invasion plates, receiving plates and
extracellular matrix solution were obtained from EMD Millipore, Billerica, MA, USA.
E-plates for real-time cell monitoring and Fugene 6 and XtremeGene 9 transfection
reagents were purchased from Roche, Mount Wellington, NZ. SeaPlaque® agarose (low
melting temperature) was purchased from Lonza, Basel, Switzerland. The
SureSilencing™ shRNA Plasmids (targeting the CBX/ and CBX5 genes) were
purchased from SABiosciences (Frederick, MD, USA).

2.1.2 DNA manipulation

Agarose powder was purchased from Bio-Rad, Hercules, CA, USA. Ethidium bromide
(10 mg/mL solution) and deoxynucleotides (dNTPs) were acquired from Sigma-
Aldrich, St Louis, MO, USA. Ten kb Plus ladder, TrackIt™ Loading Buffer, MgCl, 10x
PCR Buffer, ChargeSwitch Plasmid Purification Kit, PureLink PCR Purification Kit and
the Platinum® Taq DNA Polymerase were purchased from Life Technologies, Carlsbad,
CA, USA. The High Pure RNA Isolation Kit, Transcriptor First Strand Synthesis Kit
and 10x SYBR® Green PCR Master Mix were obtained from Roche Applied Science,
Indianapolis, IN, USA.
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2.1.3 Protein manipulation

The following antibodies were supplied by Cell Signalling Technologies, Danvers, MA,
USA: monoclonal rabbit antibody raised against HP1a (catalogue number C7F11), and
a rabbit anti-HP1p antibody (catalogue number 2613). Acrylamide was purchased from
Bio-Rad Laboratories, Hercules, CA, USA. Anti-mouse Cy3 antibody (catalogue
number A10521), anti-rabbit Cy5 antibody (catalogue number A10523) and anti-tubulin
mouse monoclonal antibody (catalogue number A11126), 4',6-diamidino-2-
phenylindole (DAPI), acridine orange staining solution (10 mg/mL) and SlowFade®
Gold Antifade Reagent were obtained from Life Technologies, Carlsbad, CA, USA.
Pierce ECM Plus Western Blotting Substrate was purchased from Thermo Fisher
Scientific. The anti-rabbit horse radish peroxidase conjugated antibody (catalogue
number NA934VS) and 0.2 um Protran nitrocellulose membrane were obtained from
GE  Healthcare, Little  Chalfont, Buckinghamshire, United  Kingdom.
Tetramethylethylenediamine (TEMED) was purchased from Sigma-Aldrich.

2.1.4 General lab materials

The following were purchased from Axygen, Union City, CA, USA: 10 uL, 20 uL, 200
uL and 1000 pL aseptic barrier pipette tips, and also 1.5 mL and 0.2 mL microcentrifuge
and PCR tubes. Sodium dodecyl sulfate (SDS), Triton X-100™, Tween® 20, glycine,
crystal violet, Tris base, sodium deoxycholate, bacteriological agar, boric acid,
Ethylenediaminetetraacetic acid (EDTA), paraformaldehyde and ammonium persulfate
(APS) were all supplied by Sigma-Aldrich. RNase H and cOmplete Mini Protease
Inhibitor Cocktail tablets were obtained from Life Technologies and Roche Applied
Science respectively. Luria-Bertani broth (1.0% tryptone, 0.5% yeast extract, 1.0%
Sodium Chloride at pH 7.0) was puchased from Sigma-Aldrich.
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2.2 Methods

2.2.1 Cell culture

All handling of mammalian cells was carried out aseptically in a class II biohazard hood
(LA2-4A1, ESCO). MDA-MB-231 and MCF-7 cells were cultured in DMEM media
containing 10% FBS and 1% penstrep. MCF-7 cells were also grown in the presence of
20 pug/mL bovine insulin. Cells were grown in 15 mL of DMEM in 75 cm? cell culture
flasks in a humidified 37°C incubator (HERAcell 150, Heracus, Kendro) with 5% CO,,
MCEF-7 or MDA-MB-231 cells started from frozen were removed from liquid nitrogen
storage, defrosted in a 37°C water bath with agitation, and grown in DMEM containing
10% FBS and 1% penstrep. Spent media was exchanged for fresh media 18 hours later

to remove the DMSO left over from freezing.

Passaging of cells was carried out once cells reached 90% confluency after around three
days' growth. Old media was removed and the cells washed twice with sterile PBS (1.54
mM KH,PO,, 155.17 mM NaCl, 2.71 mM Na,HPO,7H,O, pH 7.2) and incubated in
0.05% trypsin EDTA (5.33 mM KCI, 0.441 mM KH,PO,, 4.17 mM NaHCOs;, 137.93
mM NaCl, 0.336 mM Na,HPO,.7H,0, 5.56 mM dextrose, 0.0251 mM phenol red, 0.481
mM Na,-EDTA, 0.021 mM trypsin) for five minutes. Cells were then re-suspended in
fresh media and placed in new 75 cm? flasks for further growth. Before the cells had
been passaged three times after starting them from frozen, cells were washed with PBS
and re-suspended in DMEM containing 10% FBS, 1% penstrep and 5% DMSO, then
aliquoted into 1.5 mL cryovials. The cells were frozen overnight in a “Mr. Frosty”
freezing container (Thermo Fisher Scientific) at -80°C, before being moved to liquid

nitrogen storage.
2.2.2 MCF-7 transient transfections
MCF-7 cells were seeded into 6 well plates at a concentration of 1.5x10° cells/well,

transfected 24 hours later with 1 pg of plasmid in the presence of Fugene 6 at a ratio of

3:1 of transfection reagent:plasmid according to manufacturer's instructions. Forty-eight
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hours after transfection, the cells were washed with PBS and scraped from the plates,
pelleted by centrifugation for five minutes at 1000 rpm, re-suspended in PBS, and
centrifuged again. The PBS was then removed and the cell pellets were frozen at -80°C

for later analysis.

2.2.3 MCF-7 stable transfections

MCEF-7 cells were seeded at a concentration of 1x10° cells/well into 6 well plates.
Transfection was carried out 24 hours later using 1 pg of plasmid in the presence of
Fugene 6 at a 3:1 ratio of transfection reagent:plasmid according to manufacturer's
instructions. After 24 hours, the media was removed and replaced with media
containing antibiotics. Media was replaced every three days, and the antibiotic-resistant
monoclonal colonies combined and expanded before being frozen for storage in 5%

DMSO, or pelleted as in section 2.2.3 for later RNA extraction.

2.2.4 MDA-MB-231 stable transfections

Approximately 7.5x10* cells/well MDA-MB-231 cells were seeded into six well plates
and grown for 24 hours prior to transfection. Transfections were carried out using 1 pg
of plasmid and the X-tremeGene™ 9 in a 3:1 ratio of transfection reagent:plasmid
according to the manufacturer's instructions. Forty-eight hours after transfection, the
cells were trypsinised and re-seeded into ten centimetre dishes, where DMEM
containing antibiotics was added to select for plasmid expression. MDA-MB-231 cells
that were transfected with X-tremeGene™ 9 but no plasmid were used as a control to
show that the antibiotic could kill the cells. A control for transfection reagent toxicity
was carried out using cells exposed to transfection reagent and plasmid, but not

antibiotics.

Media containing geneticin was replenished every two to three days until resistant
colonies were visible. When the colonies were large enough, media was removed and
the plate washed twice with PBS before trypsin-soaked cloning disks with a 5mm

diameter were placed on top of each colony. After a five minute incubation, the colonies
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had adhered to the disks and were relocated into the wells of a 24 well plate containing
selective media. Media was again replenished every three days until the colonies were
large enough to be relocated into six well plates and subsequently frozen as in section

2.2.1, or subjected to further analysis.

2.2.5 Transient transfection of MDA-MB-231 Tet-On cells

MDA-MB-231 Tet-On clones obtained in section 2.2.6 were seeded in duplicate into six
well plates and grown to around 80% confluency. These cells were then transfected with
a total of 1 pg of plasmid using a 3:1 ratio of X-tremeGene 9 transfection reagent:
plasmid according to manufacturer's instructions. If being used, doxycycline was added

to the wells twenty-four hours post-transfection when the media was replenished.

2.2.6 Luciferase assays

Cells were harvested 48 hours post doxycycline addition, and the lysates prepared
according to the manufacturer’s instructions for the Dual-Luciferase® Reporter Assay
System (Promega, Madison, WI). This system allows for sequential measurement of
both firefly and renilla luciferase activity in the same sample. Twenty microlitres of
lysate from each transfection assayed was each aliquoted into a 96 well plate in
duplicate, and the assay performed according to the manufacturer’s instructions. A
FLUOStar Galaxy 96 well plate reader equipped with a chemiluminescence detection
system (BMG Labtech, Offenburg, Germany) was used to record the intensity of the
light given off by each well as Relative Light Units (RLU). Readings of a well
containing lysis buffer only were taken to use as a blank; these were subtracted from all
other readings to give corrected readings. Firefly luciferase activity was normalised to
renilla activity by dividing the corrected firefly RLU readings by the corrected renilla
RLU readings. Duplicate readings were averaged. Calculations were carried out in

Microsoft Excel.
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2.2.7 RNA and cDNA preparation

Cells pellets containing 1x10° cells were obtained through centrifugation at 0.8 rpm for
five minutes and RNA was extracted from them using the High Pure RNA Isolation Kit
(Roche, Mount Wellington) according to the manufacturer’s instructions. The resulting
RNA was quantified by reading the absorbance at 260 nm and 280 nm using a
NanoDrop 1000 Spectrophotometer (Thermo Scientific). An A260/280 ratio of
approximately 2 was expected for each RNA sample (Wilfinger et al., 1997).

Synthesis of cDNA was carried out using the Transcriptor First Strand Synthesis Kit
(Roche, Mount Wellington). Reactions contain the Transcriptor Reverse Transcriptase, a
recombinant enzyme with RNA-dependent DNA polymerase activity and also RNase H
activity, which degrades RNA in RNA/DNA hybrids. Consequently, the need for an
additional RNase H incubation after reverse transcription was eliminated. One
microgram of RNA and anchored Oligo (dT) primers were used to create cDNA using
the reaction and protocol described in Table 2.1 and 2.2 respectively. The reactions were
set up in 0.2 mL PCR tubes with a total reaction volume of 20 pL, and the reaction was
carried out on an Eppendorf Mastercycler® thermocycler (Eppendorf South Pacific,

Sydney).

2.2.8 Semi-quantitative reverse transcriptase polymerase chain reaction

Polymerase chain reaction (PCR) is a process that allows the specific amplification of
short DNA sequences by using thermal cycling, primer pairs designed to amplify a
particular product, and a thermostable polymerase. This reaction uses cDNA synthesised
from mRNA according to section 2.2.7. These PCR reactions were amplified for 27
cycles only, as this number of cycles was just under the 28 amplification cycles found to
be optimal to show differences in HPla, HP1B and HP1y mRNA expression levels
(Kirschmann et al., 1999). Consequently, differences in amplification caused by
variable amounts of the cDNA template are visible when the PCR products are
subjected to agarose electrophoresis and stained with ethidium bromide. In this way, the

RT-PCR method used was semi-quantitative as levels of PCR product are still in the
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Component Amount ( pL)
Anchored oligo dT (50 pmol/uL) 1
5 x reaction buffer 4
Protector RNase inhibitor (40 U/uL) 0.5
Deoxynucleotide mix (10 mM each) 2
Transcriptor reverse transcriptase (20 U/uL) 0.5
dH,0 to make up to 20 pL.
RNA (1 pg total) *

Final concentration
2.5 pmol/uLL

1x

20U

1 mM

10U

50 ng/uL

Table 2.1 Reaction mix for cDNA synthesis using the Transcriptor First Strand

Synthesis Kit. * indicates that the volume of RNA added varied depending on its

concentration.
50°C 60 minutes
85°C 5 minutes
4°C HOLD (optional)

Table 2.2 Reaction protocol for cDNA synthesis using the Transcriptor First Strand

Synthesis Kit
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exponential phase and have not reached a plateau. The Platinum® Taq DNA
Polymerase, a recombinant Taq polymerase activated at 94°C, was used to examine the
expression of HP1a, HP1P and B-actin in the MCF-7 HP1a and HP1B knock-down cell

lines.

Reactions were set up in 0.2 mL thin-walled PCR tubes with a total reaction volume of
50 pL and carried out on an Eppendorf Mastercycler® thermocycler (Eppendorf South
Pacific, Sydney) as outlined in Table 2.3 and 2.4 respectively. A non-template control

lacking DNA was included in each set of PCR reactions.

2.2.9 Primer design and optimisation

The HP1a, HP1B, HP1y and actin primers were designed by either the PrimerBlast

designed to span exon-exon boundaries of CBX5, CBXI, CBX3 and B-actin cDNA
website (NCBI) or LightCycler Probe Design Software 2.0 (Roche). The primers were
sequences to specifically amplify targets from mRNA only, minimizing amplification of

genomic DNA (see Appendix 1 for primer sequences).

Optimisation of the primer annealing temperatures was carried out using the same
reaction set up as in section 2.2.13, but was instead performed using a Mastercycler™
Gradient thermocycler providing a range of annealing temperatures from 55°C-65°C for

27 cycles. Agarose gel electrophoresis was carried out as in section 2.2.10.

2.2.10 Agarose gel electrophoresis

Agarose gel electrophoresis is a technique that allows PCR products to be visualised by
the use of ethidium bromide, an UV fluorescent compound that intercalates into DNA.
Two percent agarose gels were made by dissolving 6 g of agarose powder into 300 mL
of 1x tris-borate-EDTA (TBE; 89 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8)
buffer by heating in a microwave, and adding 15 pL ethidium bromide (10 mg/mL
original concentration, final concentration 0.5 pg/mL). After pouring, the gel was

allowed to solidify, and 1x TBE containing ethidium bromide at a concentration of 0.5
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Component

10x PCR buffer (-Mg)
100 mM dNTP mix

50 mM MgCl,
Forward primer (500 pmol/uL)
Reverse primer (500 pmol/ulL)
Platinum® Taq DN A Polymerase

dH,0
cDNA

Amount ( pL) Final concentration

5
0.4
1.5

1

1
0.2

38.9
2

1x

0.2 mM
1.5 mM
0.2 uM
0.2 uM
1 unit

Table 2.3 Reaction components for semi-quantitative RT-PCR

94°C
94°C
60°C
72°C
72°C

1 minute
30 seconds
30 seconds
1 minute
10 minutes

Initial denaturation
Denaturation

27 cycles /Annealing
Extension
Final Extension

Table 2.4 Reaction protocol for semi-quantitative RT-PCR
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pg/mL was poured over the gel. Twenty microlitres of each PCR reaction were mixed
with 4 pL of 0.6x TrackIt™ loading dye and dispensed into the wells of the gel. Five
microlitres of a 1 Kb Plus DNA Ladder (1 pg/ulL) was also added to aid in determining
DNA fragment sizes, and electrophoresis was carried out at 90 V for approximately one

hour. DNA was visualised using UV illumination on a Gel-doc™ (Biorad).

2.2.11 Quantitative real-time polymerase chain reaction

Traditional PCR reactions are end-point assays, meaning that levels of PCR product can
be examined at the end of the reaction only. Real-time PCR, however, enables detection
of PCR products over the course of the entire reaction, which allows for much greater
sensitivity when determining differences in amounts of PCR product. This detection is
made possible by monitoring the fluorescence of a fluorescent dye, in this case SYBR®

green, which intercalates into double stranded DNA.

The standard curves for HP1a, HP1B, HPly, and actin were created by running four
identical PCR reactions set up as in 2.2.8, but carrying out amplification for 45 cycles
instead of 27. Electrophoresis was performed as in 2.2.10 to check for amplification.
Then identical PCR reactions were pooled together and purified using a PureLink™
PCR Purification kit according to the manufacturer's instructions (Life Technologies,
Carlsbad). These pooled PCR products were diluted in dH,O to give five 10-fold
dilutions ranging in concentration from 2x10™ ng/puL to 2x10® ng/uL to give the range

required for standard curve generation.

A reaction mix containing 7 pL of dH,O, 1 pL each of forward and reverse primers
(final concentration of 0.2 uM each) and 10 pL of 10x SYBR® Green PCR Master Mix
(final concentration 1x) was added to the wells of a white 96 well multi-well plate,
primers were added to a final concentration of then 2 uLL of cDNA (1 pg) added for a
final volume of 20 pL. The plate was sealed and centrifuged at 2000 x g for two minutes
before being subjected to the program laid out in Table 2.5 on a Lightcycler® 480 real-
time PCR instrument (Roche, Mount Wellington). All reactions were carried out in

triplicate. Primer pairs used were the same as those described in section 2.2.9.
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Target (°C) ‘ Acquisition mode ‘ Hold (mm : ss) ‘ Ramp Rate (°C/s) ‘ Acquisitions per °C

Program name: Denature
Number of cycles: 1

95 | None | 10:00 | 440 | -

Program name: Amplification
Number of cycles: 45

95 None 00:10 4.40 -
60 None 00:20 2.20 -
72 Single 00:30 4.40 -

Program name: Melt
Number of cycles: 1

95 None 00:05 4.40 -
65 None 01:00 2.20 -
97 Continuous 0.11 5

Program name: Cool
Number of cycles: 1

40 \ None [ 00:10 | 1.50 \ -

Table 2.5 Reaction protocol used for gRT-PCR
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2.2.12 Topo cloning and sequencing

Topo cloning and sequencing was carried out to confirm the identity of the PCR
products of the HPla, HP1B, HPly and B-actin primer pairs. PCR products were
incorporated into the Topo vector according to the manufacturer's instructions using the
Topo Cloning kit (Life Technologies). A selection of bacterial colonies positive for both
the Topo vector and the PCR product insert under blue-white selection were grown
overnight in 2 mL of LB broth (10 g/L tryptone, 5 g/L yeast extract, 5 g/LL NaCl)
containing 100 pg/mL of ampicillin, then centrifuged at 2500 rpm for ten minutes. The
pellets were processed using the ChargeSwitch Plasmid Prep Kit (Life Technologies),
and 300 ng of the resulting RNA sent to the Allan Wilson Centre Sequencing service for
sequencing using the BigDye Terminator 3.1 reaction and the T7 primer. The resulting
sequences were BLAST searched using the NCBI Nucleotide Blast search engine to
confirm the presence of the correct amplicon as targeted by the primers. A 100% match
in all four amplicons was obtained between at least a portion of the searched sequence
and the desired gene, indicating that these primers amplify the expected product.

Chromatograms of the sequences obtained from sequencing can be seen in Appendix 2.
2.2.13 Extraction of whole cell lysate

MCEF-7 cells were overlaid with 200 pL of cold RIPA buffer (10 mM NaCl, 1% NP40,
0.5% deoxycholate, 0.1% SDS, 50 mM Tris pH 8 and one cOmplete Mini Protease
Inhibitor Cocktail tablet) and scraped from the tissue culture plates using a cell scraper.
The cells were then placed into a 1.5 mL tube and incubated on ice for 30 minutes with
vortex mixing at five minute intervals. This was followed by centrifugation at 12000
rpm for 10 minutes at 4°C to remove any cell debris, at which point the supernatant was
placed in a new 1.5 mL tube.

2.2.14 Protein quantification

Cell lysate concentrations were determined using a bicinchoninic acid (BCA) Protein
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Assay Kit (Thermo Scientific). Ten microlitres of whole cell lysate from each cell line
were aliquoted into a 96 well plate in duplicate, along with duplicates of bovine serum
albumin (BSA) standards containing 0, 25, 125, 250, 500, 750, 1000 or 2000 png of
protein. Two hundred microlitres of BCA reagent was added to each well and the plate
incubated at 37°C for one hour. Once the plate had cooled to room temperature, the
absorbance at 560 nm of the wells was read on a PowerWave XS plate reader (Biotek).
A protein standard curve was plotted using the absorbances of the BSA standards, and
the concentrations of the whole cell lysates calculated using the equation calculated

from the standard curve using Microsoft Excel.

2.2.15 Sodium dodecylsulfate polyacrylamide gel electrophoresis

Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to
separate whole cell lysate proteins in preparation for immunoblotting according to a
previously established protocol (Laemmli et al., 1970). Twenty micrograms of lysate
was combined with 6x loading buffer (containing 375 mM Tris-HCI pH 6.8, 6% SDS,
48% glycerol, 9% 2-Mercaptoethanol, and 0.03% bromophenol blue) and RIPA buffer
for a final concentration of 1X loading buffer. The samples were denatured at 99°C for
five minutes. Electrophoresis was carried out on a 1.5 mm thick 12% resolving
polyacrylamide gel with a 5% stacking gel at 80 V for approximately an hour and a half
using a SE400 Sturdier Vertical Electrophoresis system (Hoefer).

2.2.16 Immunoblotting

Following protein separation with SDS-PAGE, protein samples were transferred to a 0.2
pum nitrocellulose membrane at 4°C in cold towbin buffer (12.12 g Tris, 57.6 g Glycine
and 800 mL methanol made up to 4 L with distilled water) for two-three hours at 100 V
in a Transblot Cell apparatus (BioRad). The membrane was then blocked for one hour in
blocking buffer containing 5% IgG free BSA, 0.1% Tween-20 and 1x TBS. After
blocking, the membrane was incubated on a rocker at 4°C overnight in blocking buffer
containing primary antibody (HPla and HP1P antibodies were each diluted 1:1000,

anti-tubulin antibody was diluted 1:1500). The following day the membrane was rinsed
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in wash buffer containing 1x TBS and 0.1% Tween-20, then placed in fresh wash buffer
at room temperature on the rocker for two intervals of 5 minutes and two intervals of
ten minutes. Secondary antibody (conjugated to a horseradish peroxidase (HRP)
enzyme) diluted in blocking buffer was then added to the membrane and incubated for
one hour on the rocker. The washes carried out after removing the primary antibody
were then repeated, and the membrane was covered with ECM Plus Detection Reagent
(GE Healthcare) for five minutes. Protein bands were visualised via chemiluminescence

and imaged using an Intelligent Dark Box (GE Healthcare).

2.2.17 Immunofluorescent staining

Cells were seeded at 1x10° cells/well on to glass cover slips in 6 well plates. Forty-eight
hours later the cover slips were washed three times for five minutes in 2 mL PBS, fixed
in 2% paraformaldehyde for two minutes, washed for ten minutes twice in PBS, then
permeabilized with 0.2% Triton X-100 in PBS for five minutes. The cover-slips were
then transferred to one well each of a 24 well plate and blocked with PBS containing
5% BSA and 0.5% Tween-20 for 30 minutes at room temperature while rocking. After
blocking, the cells were incubated overnight at 4°C with two antibodies, one a
monoclonal mouse antibody targeting a-tubulin (catalogue number A11126, Life
Technologies) diluted 1/400, the other a rabbit antibody targeting HP1B (catalogue
number 2613, Cell Signalling Technologies, Danvers, Massachussetts) diluted to 1/100.
The cover-slips were again washed three times for five minutes in PBS containing 0.15
Triton X-100, then incubated for one hour with a 1/650 dilution of anti-rabbit Cy5
antibody (catalogue number A10523, Life Technologies, Carlsbad) and also a 1/1000
dilution of an anti-mouse Cy3 antibody (catalogue number A10521, Life Technologies,
Carlsbad) in blocking buffer. After three more five minute washes in PBS with 0.1%
Triton X-100, the cover-slips were washed once for five minutes in PBS and then fixed
again for 15 minutes with 2% paraformaldehyde in PBS. Two more washes were then
carried out with PBS and one more with PBS containing 0.1% Triton X-100, before the
cells were counter-stained for one minute in 300 mM DAPI diluted in PBS. Following
two more washes in PBS, the cover-slips were dried and mounted onto slides in

SlowFade (Life Technologies). Cells were imaged using a Leica SP5S DM6000B under
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40x magnification. Identical conditions were used for each image.

2.2.18 Invasion assay

This assay is based upon an invasion assay described previously (Albini et al., 1987).
Twenty-four well tissue culture plates (Millipore) comprised of an upper chamber and a
lower chamber separated by a porous plastic membrane were used for the invasion
assays. The membrane had 0.2 uM pores, and provided an interface for the media
contained in the upper and lower wells. A solution of extracellular matrix (ECM)
proteins (Millipore) was diluted to 0.5 mg/mL with sterile dH,O and 100 uL dispensed
onto some of the upper membranes to give 50 pg/well total ECM. The membranes was
allowed to dry overnight in a laminar flow hood. Cells at 80-90% confluency were also
serum starved on the day of membrane coating. This was accomplished by washing the
cells twice with PBS and incubating the cells in media containing 1% penstrep and

0.2% BSA overnight.

The following day, the cells were trypsinised as in section 2.2.1, then counted using a
haemocytometer and re-suspended in media containing 0.2% BSA , and seeded into the
upper wells at a density of 1.5x10° cells/well. The membranes were re-hydrated in
DMEM for 30 minutes prior to adding the cells, while DMEM containing either 10%
FBS and 1% penstrep or 0.2% BSA and 1% penstrep was aliquoted into the lower wells
as shown in Figure 2.1. The cells were then left to invade for five days. Non-invading
cells were removed from the upper surface of the membrane using a cotton swab. The
membrane was fixed in methanol for ten minutes, then stained with 0.4 mg/mL crystal

violet in 20% methanol. Cells were imaged using a Zeiss Axiophot Light microscope.
2.2.19 Bromodeoxyuridine (BrdU) incorporation assay

Cells were seeded in triplicate at a density of 1x10° cells/well into six 96 well plates. On
each of the five days following seeding, including day zero, BrdU (100 pM, final

concentration 10 uM in each well) was added to one of the plates for six hours. The

media was removed and the cells were processed using the Cell Proliferation ELISA,
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Figure 2.1 Invasion assay plate layout. Wells are coated with either 100pL of ECM
(blue) or left uncoated (white). Media containing 1% penstrep and either 0.2% BSA
(orange) or 10% FBS (green) is used to fill the lower wells.
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BrdU (colourimetric) kit (Roche, Mt Wellington) according to the manufacturer's
instructions. Briefly, fixation was carried out with the FixDenat solution for 30 minutes,
followed by a 90 minute incubation with the diluted anti-BrdU-POD. The plate was
washed three times with PBS and incubated for 25 minutes with substrate solution.
Absorbances were read at 370 nm and 492 nm on a PowerWave XS Plate Reader
(Biotek, Vermont). The 492 nm readings were subtracted from the 370 nm readings to
give corrected absorbances. Wells containing only media were used as a negative
control. The corrected blank absorbance readings obtained from the negative control

wells were subtracted from all the other corrected absorbance readings.

2.2.20 Real-time cell monitoring

The xCELLigence™ System (Roche, Mount Wellington) was used to monitor real-time
cellular proliferation. This system measures impedence generated by cells growing on
electrode coated plates. Impedence is recorded as a parameterless value known as a Cell
Index (CI) value. CI is a measurement of cellular morphology, cell spreading and the
degree of adherence to the plates and also correlates with cell number (Atienzar et al.,
2011). By normalising CI readings to the time of cellular adherence to the wells, CI
values representing a trend of cellular proliferation can be obtained. Prior to adding the
cells, a background measurement of the culture media was taken. This was subtracted
from all subsequent readings. The cells were seeded in triplicate into 96 well electrode
covered cell culture plates (E-Plates) at a density of 1x10° cells/well. Cellular index
readings were taken every 15 minutes for 118 hours. The triplicate CI readings were
averaged, and normalised cell index readings were calculated by dividing the CI

readings by those obtained at a nominated time point of adherence.

2.2.21 Fluorescence activated cell sorting

Sub-confluent cells were washed twice with PBS, trypsinised and counted using a
haemocytometer, then centrifuged at 1300 rpm for 5 minutes. The media was aspirated

and the cell pellets re-suspended in PBS containing 10% FBS. The centrifuging step
was then repeated, and the resulting cell pellets re-suspended in PBS/10% FBS to give a
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final concentration of 1x10° cells/mL. One millilitre of cells were then aliquoted into
polypropylene tubes, and 2.5 mL of cold ethanol added drop-wise while vortexing. After
one hour at 4°C, the cells were washed twice by centrifuging the cells at 1800 rpm,
aspirating the supernatant and re-suspending the pellet in 3 mL of PBS. After washing,
the cells were re-suspended in 1 mL of a solution containing 10 pg/mL of propidium
iodide (PI) in PBS, with the exception of a no-PI control which was instead re-suspend
in PBS. RNase A was added to a final concentration of 50 pg/mL, though one tube was
left as an RNase-free control. The cells were incubated at 37°C for 30 minutes, then the
cell cycle profiles and forward/side scatters of 1x10* nuclei were examined using a
FACScalibur™ flow cytometer (Becton-Dickinson, East Rutherford, NJ, USA).

Triplicate samples of each cell line were analysed.

2.2.22 Soft agar colony formation assay

This assay was based on a soft agar colony formation that had been developed
previously (Hurlin et al., 1987). Two thousand two hundred and fifty MCF-7 cells per
well were combined with 1 mL of 0.35% Seaplaque low melting temperature agarose in
Ix DMEM, and overlaid onto 1 mL of previously set 0.5% agarose in 1x DMEM. The
plate was refrigerated for ten minutes to set the agarose. Plates were incubated in a
humidified 37°C incubator with 5% CO, for nineteen days. One hundred microlitres of
media was added to each well every three days to prevent the agarose from drying out.
At the conclusion of the assay, the wells were stained with 0.5 mL 0.005% crystal violet
in PBS for one hour, then visualised using a dissecting microscope. The number of
spherical colonies from triplicate wells for each cell line were averaged. Wells

containing only agarose and DMEM were used as negative controls.

2.2.23 Acridine orange staining

MCF-7 cells were seeded onto cover-slips at a density of 1.5x10° cells/well and allowed
to adhere and grow for 24 hours. Fixation was then carried out with methanol and

acetone, and the cells were treated with RNase A for 30 minutes at 37°C. Staining with

a solution containing 2.5x10° M acridine orange in PBS was carried out for 20 minutes,
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before the cells were washed in PBS and mounted onto slides. Visualisation and
imaging was carried out using a Leica SP5 DM6000B confocal microscope using an
excitation maxima of 502 nm and an emission maxima of 525 nm. Analysis of staining

intensity was undertaken using the Leica LAS AF software.
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3. Creation of shRNA MCF-7 stable cell lines with reduced expression
of HP1a or HP1p

3.1 Introduction

Studies have identified a link between HP1a protein levels and the invasive potential of
breast cancer cell lines and metastatic tumours (Kirschmann er al., 2000; Norwood et
al., 2006). However, as yet alternative consequences of HPla loss in breast cancer
progression remain undefined. This study examines the role of HP1la or HP1 loss in
breast cancer progression. To achieve this, breast cancer lines were artificially

manipulated to have decreased levels of HP1a or HP1 protein.

Modified cell lines were created by transfecting MCF-7 cells (a non-invasive epithelial
breast cell line widely used as a model for breast cancer) with plasmids encoding short
hairpin RNAs (shRNAs). These shRNAs were designed to target mRNA sequences
encoding either the HP1a or HP1 proteins and result in degradation of the CBX5 or
CBX1 mRNA. This is due to digestion of double-stranded shRNA by the enzyme Dicer,
and the loading of the resulting small interfering RNA (siRNA) fragments onto the
RNA-induced silencing complex (RISC) (Tomari and Zamore, 2005). Depending on
which of these small RNA fragments binds to the RISC protein complex, the gene of
interest will be silenced either through sequence-specific degradation, or through
inhibiting translation of the mRNA (Chiu and Rana, 2003). Initially, knock-down
conditions were tested using transient transfections, and then stably transfected MCF-7

knock-down cell lines were created to undergo characterisation.

As a means of determining whether stable knock-down cell lines were produced using
this method, the mRNA levels of the genes encoding HP1a and HP1p were examined
using quantitative reverse transcriptase PCR (qQRT-PCR). Whole cell mRNA was reverse
transcribed into cDNA, which was then used as a template in PCR reactions. The PCR
products provided an indirect means of monitoring changes in reverse transcribed

cellular mRNA.
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This chapter describes the creation of MCF-7 cell lines with reduced HPla or HP13
expression using shRNA plasmids, and confirmation of knock-down using qRT-PCR.

3.2 Results

3.2.1 Testing of the CBXS and CBX1 shRNA plasmids

Four SureSilencing® shRNA plasmids (CBXS5 ID1-4) each expressing a shRNA that
targeted a unique region of the CBX5 mRNA were used to achieve HP1a knock-down.
A plasmid expressing a non-targeting shRNA (scrambled shRNA plasmid) was also
used as a control. To initially confirm that the CBX5 shRNAs targeted CBX5 mRNA,
MCF-7 cells were transiently transfected with one of the five shRNA plasmids (outlined
in Table 3.1) and whole cell RNA was extracted from the transfected cells and subjected
to cDNA synthesis (Methods 2.2.2 and 2.2.7). Semi-quantitative RT-PCR (described in
2.2.8) was performed using primers that were designed to amplify regions of the
synthesised cDNA corresponding to HP1a or B-actin. The products of these reactions
were subjected to agarose gel electrophoresis (see section 2.2.10) and are shown in
Figure 3.1. This figure shows that each CBXS5 ID1-4 cell line has a reduction in the
amount of HPla amplicon compared to the hygromycin control (HC). This indicates
that the HP1a mRNA levels are decreased in the knock-down cell lines compared to the
HC control. B-actin was used as an internal reference (control) to normalise for the
amount of RNA, hence cDNA, present in each PCR reaction. As the actin amplicons for
the five transfections and the untransfected sample have comparable levels in all
transfected cell lines (Figure 3.1B), the difference that are observed in HP1a across the
cell lines are not due to unequal RNA content. The untransfected control cells appear to
have increased HP1a cDNA compared to the shRNA transfected cells, but B-actin levels
also appear to be increased in these cells. This may indicate a variation in the amount of

RNA used in cDNA synthesis for the untransfected cells.

Four plasmids targeting CBX1 (ID1, ID2, ID3 and ID4) were similarly used to knock-
down HP1p along with a plasmid expressing a non-targeting scrambled shRNA. These

shRNA plasmids contained a geneticin resistance gene, as opposed to the hygromycin
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Name Cell Plasmid Transfected Target Antibiotic
Line (1 pg) 9 Selection

CBXS5 ID1 MCF-7 | CBX5 ID1 shRNA plasmid | HP1a | Hygromycin-B
CBX5 ID2 MCF-7 | CBX5 ID2 shRNA plasmid | HP1a | Hygromycin-B
CBX5 ID3 MCF-7 | CBX5 ID3 shRNA plasmid | HP1a | Hygromycin-B
CBX5 ID4 MCF-7 | CBX5 ID4 shRNA plasmid | HP1a | Hygromycin-B
HC Control | MCF-7 | Scrambled shRNA plasmid | None | Hygromycin-B
CBX1 ID1 MCF-7 | CBX1 ID1 shRNA plasmid | HP1(3 Geneticin
CBX1 ID2 MCF-7 | CBX1 ID2 shRNA plasmid | HP1(3 Geneticin
CBX1 I1D3 MCF-7 | CBX1 ID3 shRNA plasmid | HP1(3 Geneticin
CBX1 I1D4 MCF-7 | CBX1 ID4 shRNA plasmid | HP1(3 Geneticin

NC Control | MCF-7 | Scrambled shRNA plasmid | None Geneticin

Table 3.1 Summary of the shRNA plasmids used to create the MCF-7 HP1a or HP1j3
knock-down and control cell lines
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Figure 3.1. MCF-7 cells transiently transfected with CBX5 shRNA plasmids show
decreased HP1a mRNA levels. Whole cell RNA was extracted from MCF7 cells either
untransfected or transiently transfected with either one of shRNA plasmids CBXS5 ID1-
4 or hygromycin control (HC), subjected to semi-quantitative RT-PCR analysis using
primers targeting HP1a cDNA (outlined in section 2.2.8). Primers specific to B-actin
were used as a control and molecular size markers were used to determine PCR

product sizes.
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resistance gene in the HP1a shRNA plasmids.

3.2.2 Creation of MCF-7 stable HP1a or HP1p knock-down shRNA cell lines

Once the CBX1 and CBX5 shRNA plasmids were confirmed to target HP1p or HPla
respectively, they were used to create MCF-7 knock-down cell lines. Stable transfection
of MCF-7 cells was carried out as described in section 2.2.3, using the plasmids
described in Table 3.1. As the CBX5 shRNA plasmids also expressed a gene encoding
for a kinase that deactivates hygromycin, 200 pg/mL of hygromycin-B was used to
select for the uptake of shRNA plasmid. Similarly, the CBX1 shRNA plasmids
expressed the gene for the aminoglycoside 3‘-phosphotransferase APH 3° II, which
confers resistance to geneticin. Consequently, 600 ug/mL of geneticin was used to select

for expression of the CBX1 shRNA plasmids.

Two weeks after transfection, the MCF-7 cells transfected with one of the ten shRNA
plasmids had formed colonies that had each developed from a single antibiotic resistant
cell. All colonies expressing the same shRNA plasmid were trypsinised and pooled,
resulting in ten polyclonal cell lines. This was desirable as polyclonal cell lines will
have different shRNA plasmid insertion sites, compared with monoclonal cell lines
where all cells will have the same shRNA plasmid insertion site. Consequently, creating
polyclonal cell lines reduced the chances of any phenotypic differences between the cell
lines being attributable to genes other than HPla or HPIP being disrupted by the
shRNA plasmid insertion.

Semi-quantitative RT-PCR was again used to initially observe changes in HP1a or HP13
levels in transfected cell lines (described in 2.2.8). The resulting PCR reactions were
subjected to agarose gel electrophoresis (outlined in 2.2.10) and are shown in Figure
3.2. HPla cDNA levels in the CBX5 ID3 and ID4 cell lines were decreased compared
to the HC cell line (Figure 3.2A). Decreases in HP1a amplicons in the CBXS ID1 and
ID2 cell lines appeared negligible compared to the HC cell line. This indicated that the
CBXS5 ID3 and ID4 cell lines had greater HP1a knock-down than the ID1 and ID2 cell

lines. B-actin mRNA levels remain fairly consistent across all five cell lines (Figure
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Figure 3.2. Stable transfection of MCF-7 cells with CBX1 or CBX5 shRNA plasmids

results in HP1P or HP1a knock-down respectively. Whole cell RNA was extracted from

MCEF7 cells transfected with one of the shRNA plasmids described in Table 3.1 and

subjected to RT-PCR analysis using primers targeting cDNA sequences HP1la (A) or

HP1B (C) followed by gel electrophoresis. Reactions containing -actin primers (B and

D) were used as an expression control, and and molecular size markers (kb) were used

to determine PCR product sizes.
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3.2B), indicating that differences in HP1a are not likely due to variations in the amount

of cDNA present in each PCR reaction.

Similarly, Figure 3.2C shows that HP1B cDNA levels in the CBX1 ID1-4 knock-down
cell lines were markedly decreased compared to the neomycin control, particularly in
the ID1 cells. This shows that the CBX1 ID1-4 shRNA plasmids effectively produced a
reduction in HP1p mRNA. Levels of B-actin are unchanged between the five cell lines
(Figure 3.2D). Collectively, these results provided an initial insight that the method used
to create the stable HP1a or HP1P knock-down cell lines had been successful.

3.2.3 Quantification of HP1 mRNA expression in CBX1 and CBXS shRNA stable
MCF-7 cell lines using qRT-PCR

To accurately determine the extent of change in each HP1 isoform due to knock-down
of HPla or HPIP in MCF-7 shRNA cell lines, qRT-PCR was performed. This would
enable determination of whether a specific shRNA exhibited any cross-targeting
between the HP1 isoforms. As before, -actin mRNA was used as an internal reference

control.

3.2.3.1 Optimisation of HPI primers

Optimal annealing temperatures had previously been determined for the HP1a, HP1f
and B-actin primers, but not for the HP1y primers (primer sequences can be found in
Appendix 1). To find the optimal primer annealing temperature, PCR reactions
containing cDNA from MCF-7 cells and the HP1y primers were performed at a range of
five annealing temperatures between 55°C and 62°C (as described in section 2.2.9). The
resulting PCR products were analysed using agarose gel electrophoresis and are shown
in Figure 3.3. A single band was seen in each of the five lanes, indicating a single PCR
product and that the HP1y cDNA target had successfully amplified. The temperature
that facilitated optimal primer annealing (and was chosen for subsequent qRT-PCR
reactions) was 60°C, as the HP1y amplicon was present in the greatest abundance at this

temperature.
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Figure 3.3. Optimising HP1y primers for RT-PCR. Five PCR reactions were set up
using MCF-7 c¢cDNA and HPly primers and subjected to PCR at five annealing
temperatures between 55.2°C and 65.8°C (as described in section 2.2.9). Molecular size

markers were used to determine PCR product sizes.
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Each primer pair for HP1a, HP1B, HP1y and B-actin was also confirmed to amplify the
correct target through sequencing the corresponding PCR products (described in section

2.2.12) and the resulting sequence chromatograms can be found in Appendix 2.

3.2.3.2 Establishment of qRT-PCR standard curves and reaction efficiencies

Quantitative real-time PCR was carried out using the LightCycler® 480 System
(Roche). The PCR method used a non-saturating dye which binds to double stranded
PCR products and enables quantification of the PCR product levels during the entire
reaction. This makes qRT-PCR substantially more sensitive than traditional PCR, which
can only detect the amount of PCR product at the plateau phase of the reaction. This
method was used to examine levels of each HP1 isoform and B-actin in the various

MCEF-7 HP1 knock-down cell lines.

Absolute quantification is a qRT-PCR method used to determine the concentration of a
specific cDNA amplicon. This is achieved by using pooled traditional PCR reactions
that have used specific primers to amplify a cDNA target (carried out as described in
Methods 2.2.8). The concentration of the target amplicon is determined using
spectrophotometry, and a series of dilutions are carried out to give PCR standards
containing between 2x10* ng/uL to 2x10® ng/uL of the target amplicon. These standards
are then amplified using a LightCycler® 480 System, which uses the known
concentrations and the crossing-point values of the standards to construct a standard
curve (reaction described in 2.2.11). Crossing-point values from samples containing an
unknown concentration of the target cDNA amplicon can then be compared to the
standard curve by the LightCycler® 480 software, and the concentration of the target

amplicons can be calculated.

To construct the standard curves for the HP1a, HP1B, HP1y and B-actin primers, qRT-
PCR reactions were carried out using five standards. These five standards contained a
known concentration of the PCR products amplified using these primers. The HPla
panel of Figure 3.4 shows that duplicate samples of each HP1a standard gave identical

sigmoidal amplification curves that reached plateaus as maximum SYBR green
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Figure 3.4. Amplification curves for HP1a, HP1B3, HP1y and B-actin standards. RNA
extracted from MCF-7 cells was subjected to cDNA synthesis and PCR carried out
using either HP1o, HP1B, HP1y or B-actin primers as outlined in sections 2.2.7 and
2.2.8. The resulting PCR standards were run as duplicate samples in qRT-PCR reactions.
Amplification curves for ten fold dilutions of HP1a, HP1B and B-actin are shown in red,
green, pink, grey and yellow, and turquoise, dark green, orange, purple and lime for the
amplification curves of the ten-fold dilutions of HP1y. Non-template controls are shown

in blue for HP1a, HP1P and B-actin, and brown for HP1y.
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incorporation was achieved. The evenly spaced amplification curves from each
concentration in the dilution series show that the amount of amplification is
proportional to the amount of PCR product present in each reaction and that a good
range of crossing points are covered by the dilution series. A similar result is also seen
when the HP1B3, HP1y, and B-actin standards were amplified. A non-template control
containing only primers, water and SYBR Green I Master reagent was analysed along
with each run of standards to ensure there was no genomic DNA contamination present.
Each non-template control displayed either no amplification or only slight amplification

after cycle 35, which is not uncommon in qRT-PCR and not an issue as it is after cycle

35.

The HPla panel of Figure 3.5 shows the HPla standard curve constructed by the
LightCycler® 480 software. Five standards were used to ensure that a wide range of CP
values were included in the standard curve, which improves accuracy in determining the
concentrations of unknown samples. The reaction efficiency and the slope of the
standard curve was calculated from data generated in Figure 3.4 by the LightCycler®
software. The HP1a standard curve had a slope of -3.374 and an efficiency of 1.979. A
slope of approximately -3.32 in conjunction with an amplification efficiency of 2 is
indicative that the template is doubling in each cycle (Bustin, 2000). The standard
curves used to determine concentrations of HP1B, HP1y and B-actin cDNA in the
knock-down cell lines also had amplification efficiency values as close as possible to
2+10%, and standard curve slopes of between -3.1 and -3.6. This indicated that the
standards and primers for each sample produced standard curve data that were reliable,
reproducible and suitable to use for subsequent absolute quantification of unknown

samples.

Melt curve analysis of the HP1a, HP1B, HP1y and B-actin standards and primers was
carried out using the LightCycler® software. This ensured that each primer pair
specifically amplified a single target and did not produce primer dimers. Figure 3.6
(panel HP1a) shows a single peak melting curve, which indicates that the HP1a primers
do not amplify more than one specific target and also do not dimerise. This was also

true for the HP1pB, HP1y and B-actin primers, which also had single melting peaks.
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Figure 3.5. Standard curves used to determine HP1a, HP1p, HP1y and B-actin levels in
MCF-7 shRNA cell lines. RNA extracted from MCF-7 cells was subjected to cDNA
synthesis and PCR carried out using either HP1a, HP1B, HP1y or B-actin primers as
outlined in sections 2.2.7 and 2.2.8. The resulting PCR standards were run as duplicate
samples in qRT-PCR along side the unknown samples as in 2.2.11. Standard curves

were constructed by the LightCycler 2.0 Software.
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curves for HPla, HP1B, HPly and p-actin standards. RNA

extracted from MCF-7 cells was subjected to cDNA synthesis and PCR carried out

using either HP1a, HP1B, HP1y or B-actin primers. The resulting PCR standards were

run as duplicate samples in qRT-PCR along side the unknown samples as in 2.2.11.

Amplification curves for ten fold dilutions of HP1a, HP1f3, HP1y and B-actin are shown

in red, green, pink, grey and yellow. Non-template controls are shown in blue.
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3.2.3.3 Levels of HPI isoforms are reduced in corresponding MCF-7 stable shRNA

cell lines

To quantify HP1a, HP1p and HP1y mRNA expression in the HPla or HP1B knock-
down and control cell lines quantitative RT-PCR was performed. The cDNA used in the
triplicate qRT-PCR reactions was synthesised from RNA extracted from passage two
HP1la KD, HP1B KD or the two control cell lines. Primers targeting either HP1a, HP1p,
HP1y or B-actin were used (protocol described in section 2.2.11). Concentrations of the
HP1 cDNA were normalised for differences in expression between the cell lines.
Normalised HP1 cDNA levels for each cell line were calculated by dividing the cDNA
concentration of each HP1 isoform by the concentration of B-actin cDNA. The
normalised cDNA concentration of a specific HP1 isoform from the knock-down cell
lines was divided by the normalised cDNA concentration of the same HP1 isoform from
the respective control cell line to calculate relative expression of the knock-down cell
lines. The control cell lines were set as one, and the relative HP1a, HP1B, and HP1y

cDNA levels were graphed for the HP1a or HP13 knock-down cell lines (Figure 3.7).

The CBX5 ID1, ID2, ID3 and ID4 show 80%, 55%, 10% and 20% of the level of HP1a
cDNA seen in the HC cell line. All four CBX5 shRNA cell lines also had between a
200% and 250% of the HC HP13 cDNA levels. HP1y expression was between 15% and
45% higher in the CBXS ID1-4 cells than the HP1y level in the HC cell line. These
results indicate that the CBXS ID3 cell line had the greatest reduction in HPla
expression, but that all the HP1a knock-down cell lines had increased HP1p, and to a

lesser extent, enhanced HP1y expression.

Figure 3.8 shows that the HP1B cDNA levels in the CBX1 ID1-4 shRNA cells were
between 10% (ID3) and 30% (ID2) of the HP1p levels in the NC cells. HP1a expression
was also reduced by varying degrees; the CBX1 ID 1-4 cells had decreases of 30%,
40%, 64% and 78% relative to the NC cells respectively. Levels of HP1y were between
42% and 78% of those seen in the NC cell line. Together, these results indicate that the
CBX1 ID3 cell line had the greatest reduction in HP13 cDNA, but that all the HP1 cell

lines showed varying levels of HP1a and HP1y expression.
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Figure 3.7 HP1 isoform mRNA expression in CBX5 shRNA cell lines. RNA extracted
from four CBX5 shRNA MCF-7 cell lines or the hygromycin control (HC) cell line and
subjected to qRT-PCR in triplicate reactions with primers targeting HP1a, HP1p, HP1y
or and B-actin as in 2.2.11. Relative expression was determined by normalising HP1a,
HP1B and HP1y cDNA levels to B-actin cDNA and then calculating the percentage

change relative to the HC expression levels.
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Figure 3.8. HP1 isoform mRNA expression in CBX1 shRNA cell lines. RNA extracted
from four CBX1 shRNA MCEF-7 cell lines or the neomycin control (NC) cell line and
subjected to qRT-PCR in triplicate reactions with primers targeting HP1a, HP1p, HP1y
or B-actin as in 2.2.11. Relative expression was determined by normalising HP1a, HP1f
and HP1y cDNA levels to B-actin cDNA levels and then calculating the percentage

change relative to the NC cell line.
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Overall, these results indicated that MCF-7 cell lines with stable reduction in either
HP1la or HP1P had been successfully created, although the many of the cell lines also

showed changes in other HP1 isoforms.

3.2.4 Examining levels of HP1a and HP1p protein in the HP1o or HP1p KD MCF-
7 shRNA cell lines

To confirm that altered levels of HP1a and HP1 mRNA correlated with protein levels,
the HPla KD and HP1B KD cell lines selected for further analysis (CBXS ID3 for
HPloa KD and CBX1 ID3 for HP1B KD) were examined. HP1a KD and HP1B KD cell
lysates were prepared, quantified and subjected to SDS-PAGE as described in section
2.2.13-2.2.15. Immunoblotting was then performed as described in section 2.2.16 using
antibodies raised against either HP1a, HP1p or tubulin and the results can be seen in
Figure 3.9. The immunoblot shows that the amount of HPla protein is reduced in the
HP1a KD cell line compared to the HC cell lines, and the same is true of the amount of
HP1p protein in the HP1B KD cell line relative to the NC cell line. However, the HP13
protein in the HP1a KD cell line appeared to be increased. In addition, the amount of
HP1la protein was reduced slightly in the HP1B KD cell line. Tubulin levels in the HP1a
KD, HP1B KD, NC and HC lanes were similar, indicating that the differences seen in

the levels of HP1a and HP1p protein were not due to unequal gel loading.

Taken together, these results confirm that HP1a protein was decreased in the HP1a KD
cell line compared to the HC cell line, but that HP1p protein levels appear to be
increased. HP1p levels were reduced in the HP1 KD cells, but HP1a levels were also
slightly reduced. These results confirm that altered HP1 mRNA levels seen in section
3.2.3.3 also extend to changes in protein levels in the HPlo KD and HP1B KD cell
lines. HP1y protein levels will need to be examined in these cell lines to confirm

whether they are similar to HP1y mRNA levels.
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Figure 3.9. Levels of HPla and HP1f protein are altered in the HP1loo KD and HP1f
KD cell lines. Whole cell lysate was extracted from the four cell lines above and
subjected to SDS-PAGE and immunoblot using antibodies against HPla and HP1f
(described in sections 2.2.13-2.2.16). An antibody against tubulin was used as a loading
control. Sizes of the proteins as determined using molecular size markers are indicated

on the left hand side.
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3.3 Chapter discussion

Several MCF-7 cell lines were created that exhibited decreased expression of either
HPloa or HP1B mRNA. While the CBX5 ID3 cell line that was selected for further
analysis had an expected decrease in HP1a of 90% relative to the control cell line, qRT-
PCR showed that there was also an increase in HP1 mRNA. The altered levels of
HPla and HP1 mRNA were also shown to extend to HPla and HP1P protein. The
increase in HPla suggests that there may be some form of cross-regulatory or
compensatory effects at play between the HP1o and HP1p isoforms. Repeated qRT-PCR
reactions with later passage cells showed that the CBXS5 ID3 cells continued to have low
HP1la mRNA expression and increased HP1 mRNA expression compared to the HC
cells (data not shown). This demonstrates that the stable HP1a knock-down remains

constant and that the increase in HP1p is not a transient effect.

However, the cell lines created with the CBX1 shRNA plasmids were found to have
partially reduced expression of HPla mRNA as well as an 85% reduction in HP1f3
mRNA levels. While this could potentially be the outcome of the CBX1 shRNA
plasmids cross-targeting to reduce HPla expression, BLAST searching carried out by
the shRNA plasmids' manufacturer has indicated that these shRNAs should not also
target the CBX5 mRNA. As a result, it is a possibility that this partial decrease in HP1a
is due to HP1p playing a role in the regulation of HP1a expression, and could highlight
an explanation for the concurrent loss of both HP1la and HP1f that has been observed

previously in several tumour types (T. Hale and A Contreras, unpublished data).

The CBX1 ID3 cell line chosen for further characterisation had the greatest decrease in
HP1p mRNA compared to the NC cell line (85% reduction in expression), but the
partial HP1a knock-down (expressed 30% of the NC HPla level, slight decrease in
HPla protein seen) it also exhibits could also provide some insight into the
consequences of a concurrent decrease in both HP1la and HP1P in MCF-7 cells. Like
the HP1a KD cells, the HP1 KD cells also maintained low HP1 mRNA expression
compared to the NC cell line when later passage cells were again examined with qRT-

PCR, indicating that the decrease in HP1a is a change that is maintained over time (data

62



not shown).

Any changes observed during the characterisation of the HP1B KD cell line could
attributed to either a decrease in HP1PB, or a concurrent decrease in both HPla and
HP1p. Similarly, any altered phenotype in the HP1a KD cells could potentially be due
to increased HP1f rather than decreased HPla. This potential interplay between the
different HP1 isoforms cannot be disregarded, and will need to be considered when
analysing data generated from charactering these cell lines. Consequently, it will be
necessary in the future to characterise cell lines with reduced HP1f expression only to
determine whether this is sufficient to cause these changes, or if a decrease in HP1a is
also needed. Additionally, characterisation of cell lines with decreased HPla but no
increases in HP1P will be needed to confirm that any changes are due to HP1a knock-

down only.
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4. Growth analysis of HP1a or HP1p knock-down MCF-7 cell lines

4.1 Introduction

MCF-7 cell lines with reduced expression of HP1a or HP1f had been created to explore
the role of HPla and HP1f in breast cancer progression. These cell lines had been
examined for changes in HP1 mRNA expression and two cell lines were selected for

further analysis on the basis of these results.

Given that HP1a has been shown to be expressed in a cell cycle dependent manner and
that the HP1 isoforms have a role in chromatin segregation (De Koning et al., 2009), it
is possible that a decrease in HP1a or HP1p could result affect the cell cycle profile of
MCEF-7 cells. Previous research had shown that siRNA targeting of any of the three HP1
isoforms in HeLa cells did not alter cell cycle profiles (De Koning et al., 2009). In this
study, the cell cycle profiles of the HPla KD and HP1B KD MCF-7 cell lines were
compared to the control cell lines. This was carried out using fluorescent activated cell

sorting (FACS).

As HPlo and HP1P have been implicated in regulating transcription, reducing their
levels in MCF-7 cells may impact the expression of proteins that regulate basic cell
functions such as proliferation (Bachman et al., 2001; Fuks et al, 2003). Two
approaches were taken to investigate the proliferation of the HPla KD and HP1 KD
cell lines: a bromodeoxyuridine (BrdU) incorporation assay and real-time cell

monitoring.

The HP1 isoforms also play an important role in the formation of heterochromatin
(Lachner et al., 2001). To explore whether reducing the levels of HPla or HP1f in
MCEF-7 cells had impacted global chromatin compaction, the cells were treated with a

fluorescent DNA intercalating stain and the intensity of the staining was measured.

This chapter describes the analysis of proliferation, cell cycle profiles and global
chromatin compaction of the HPla KD and HP1B KD cell lines using the assays

mentioned here.
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4.2 Results

4.2.2 Growth analysis of HP1o and HP1p KD cells using a bromodeoxyuridine

incorporation assay

To determine if decreased HP1 levels affected the growth of MCF-7 cells, growth
patterns for the HP1a KD and HP1B KD cell lines were established. BrdU is a synthetic
nucleoside that can be incorporated into replicating DNA in the place of thymidine
during the S-phase of the cell cycle (Gratzner, 1982). By using an antibody against
BrdU along with a secondary antibody conjugated to a peroxidase enzyme, the
appropriate colourimetric peroxidase substrate can be used to determine BrdU that is
incorporated using spectrophotometry. The amount of BrdU incorporated will be
relative to the number of cells present. Therefore, by BrdU-treating cells that have been
seeded at the same density but which have been allowed to grow for different lengths of
time it is possible to establish a growth pattern. This type of assay is an endpoint assay,
meaning that the cells are harvested and tested for BrdU incorporation after a specific

length of time, as opposed to being monitored continuously throughout the assay.

4.2.2.1 Optimisation of seeding density for the BrdU incorporation assay

Before the BrdU incorporation assay could be carried out using the HP1 knock-down
MCEF-7 cells, the appropriate seeding density had to be determined. Insufficient cell
numbers would lead to the levels of BrdU being below the detection threshold for the
assay. Conversely, too many cells would cause saturation of the assay, and data would
be inaccurate. The NC and HP1If KD cell lines were selected to optimise seeding

density.

The four cell lines were seeded in triplicate at five seeding densities ranging from 6x10°
cells/well to 1x10* cells/well. Cells were allowed to grow for 24 hours before being
exposed to BrdU for 18 hours. The cells were then processed as in 2.2.19 and the
resulting corrected absorbance values are presented in Figure 4.1. Gradual increases in

absorbances are seen for both cell lines as the seeding density increases up to 2.5x10°
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Figure 4.1 Optimising cell number for a BrdU incorporation assay. NC and HP1 KD
MCE-7 cells were seeded in triplicate at five concentrations, exposed to BrdU for 18
hours and then subjected to a colourmetric assay (described in section 2.2.24) to
determine the amount of BrdU incorporated. Corrected absorbance was calculated by
subtracting the absorbance reading at 492 nm from the absorbance reading at 370 nm

for each well. Error bars represent the standard error of the mean of triplicate wells.
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cells/well. However, at the 5x10° cells/well and 1x10* cells/well seeding densities the
HPI1B KD cells exhibited a higher absorbance readings compared to the the NC cells.
When the cells were viewed under an inverted light microscope just prior to harvesting,
the cells seeded at 5x10° cells/well and 1x10* cells/well were at around 80% and 90%
confluency respectively. This may indicate that the growth of the NC cells were

inhibited at these higher seeding densities due to over-crowding.

Collectively, these results suggest that seeding densities of more than 2.5x10° cells/well
may show differences in growth between the HP1 KD and NC cells after 33 hours.
However, the proliferation assays used to generate growth curves were to be carried out
for a longer time period. As a result, the seeding density needed to be lower than
2.5x10° cells/well to avoid the cells becoming over-confluent by the end of the assay.
Consequently, a seeding concentration of 1x10° cells/well was selected to carry out the
assays used to construct growth curves for the HPla KD and HP1B KD cell lines. This
seeding concentration had resulted in absorbance readings that showed minor variation
in the NC and HPIB KD cells 33 hours after seeding, so it was deemed that this would
be sufficient cells for the BrdU assay to display any differences in proliferation between

the four cell lines.

4.2.2.2 Growth patterns of HP1a KD and HP1f KD MCF-7 stable cell lines are

similar

Growth patterns for the HPloo KD and HP1f KD MCF-7 cell lines were constructed
using absorbance values obtained from a BrdU incorporation assay as described in
section 2.2.19. The media of the cells grown for four or five days was replenished at the
day three mark to prevent media exhaustion. Corrected absorbance values for each of
the four cell lines taken over five days were used to construct the graph depicted in

Figure 4.2.
Corrected absorbance values for the HP1o KD and HC cell lines remain similar over the

course of the experiment, increasing slowly up to day two and then sharply between

days two and three. The corrected absorbance values for both cell lines appear to reach a
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Figure 4.2 HP1a KD and HP13 KD MCEF-7 cells show unaltered growth patterns in a
BrdU incorporation assay. HC, HP1a KD, NC and HP13 KD MCF-7 cells were seeded
in triplicate into six plates and one plate was exposed to BrdU and processed (as in
section 2.2.19) at 24 hour intervals. Corrected absorbance was calculated by
subtracting the absorbance reading at 492 nm from the absorbance reading at 370nm

for each well. Error bars represent the standard error of the mean of triplicate wells.
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plateau between days four and five. Similarly, the corrected absorbance values for the
HP1B KD and NC cell lines follow a similar pattern of gradual increase between days
zero and five. Together, these results suggest that decreasing HP1a or HP1[ does not

alter proliferation in MCF-7 cells.

When assaying the HC and HP1a KD cells, the greatest difference between the highest
and lowest absorbance values was 1.1, whereas the maximum absorbance change from
the proliferation assays carried out on the NC and HP1 KD cells was 1.9. This could
have been due to an increase in sensitivity of the MCF-7 cells to the hygromycin
compared to the geneticin, as the cells grown in hygromycin typically were observed to
grow more slowly than the cells treated with geneticin when cultivated for use in assays.
Alternatively, it may have been due to errors in seeding density; this assay could be

repeated to confirm this.

4.2.3 Real-time cell monitoring demonstrates unchanged proliferation in HP1a KD

and HP1p KD MCF-7 cell lines

One of the limitations of end-point proliferation assays is that cell growth can only be
examined at a single time point. The growth of two cell lines may appear identical using
an end-point assay, but it is possible that differences in the proliferation rates are being
missed due to errors in time point selection or seeding densities. These problems can be
minimised using the xCelligence™ (Roche) real-time cell monitoring, a system that
uses specialised electrode coated cell culture plates to measure the impedence generated
by the cells as they adhere and spread on the plate surface (Atienzar et al., 2011). This
data is recorded as the Cell Index (CI), and by normalising this data to the point at
which cells are adherent a pattern of cell growth can be determined. Additionally, the
xCelligence System™ is also able to calculate doubling times (the length of time taken
for CI to increase two-fold) and dose responses to any compounds we might wish to

expose the cells to.

The HP1a KD and HP1B KD MCF-7 cell lines and the controls were subjected to real-

time cell monitoring as described in section 2.2.20. The CI data was normalised to the
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16 hour time point, as this was when the cells were visually confirmed to be adherent.
Figure 4.3A shows that the HPla KD cell line showed the same gradual rise in
normalised CI (NCI) as the HC cells over 119 hours. Similarly, the HP1p KD cells also
had a similar gradual rise in NCI as the NC cell line (Figure 4.3B). The doubling times
for each cell line were also calculated by the xCelligence™ software using the NCI
readings for each cell line. As none of the four cell lines showed a plateau in NCI
towards the end of the experiment, the cells were still viable and proliferating right up to
119 hours and had not arrested due to growth restrictive conditions. Therefore it was
appropriate to calculate doubling times over the course of the entire 119 hours. All four
cell lines were found to have a doubling time of roughly 25 hours (Figure 4.3C). These
results indicate that there was no difference in proliferation between the four MCF-7

cell lines examined.

4.2.3.1 Response to f-estradiol is unaltered in HP1a KD and HP1f KD MCF-7 cells

MCEF-7 possess cytoplasmic estrogen receptors, and typically show an increased growth
response when treated with estrogen (Wiese et al., 1992). However, whether levels of
HP1la or HP1p affected this growth response in MCF-7 cells was unknown. Real-time
cell monitoring was used to assess how the HP1o KD and HP1B KD cells responded to
estrogen. The four cell lines were seeded in triplicate onto E-plates and 24 hours later
were treated with 1 uM of B-estradiol or left untreated and monitored for four days (as
in section 2.2.20). The resulting CI values were normalised to the 16 hour time point,

averaged across triplicate wells and graphed against time (Figure 4.4).

The untreated cells for all four cell lines showed a gradual increase in NCI over the
course of the 119 hours. In contrast, NCI values for the B-estradiol treated cells rapidly
increased from 64 hours until the conclusion of the assay. This demonstrated an
increased growth response in the presence of estrogen. However, when the doubling
times of all the growth curves were calculated and compared there was again very little
difference between them (data not shown). Therefore, this indicated that the HP1o KD
and HP1B KD cells did not show different proliferation responses to [-estradiol

compared to the control cell lines. Nevertheless, as this experiment was only carried out
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Figure 4.3 HP1a and HP1B KD cells show identical growth curves compared to their
respective controls when examined using real-time cell monitoring. HC (A, red), HPla
KD (A, green), NC (B, red) and HP1p KD (B, green) cells were seeded in triplicate
into electrode coated plates (section 2.2.20) and cell index readings were taken by the
xCelligence™ software at 15 minute intervals for 119 hours. Triplicate cell index
readings for each cell line were averaged, and the values normalised to the time of
adherence (black arrow) and graphed. The xCelligence™ software was also used to
determine the average doubling times from the triplicate CI vs. time plot of each cell

line (C). Error bars represent the standard deviation of the mean.
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Figure 4.4 MCF-7 cells with stable HP1a or HP1 knock-down do not have an altered
response to estrogen. The four cell lines above were seeded in triplicate into E-plates
and treated after 24 hours with media containing either no estrogen (red) or 1uM [3-
estradiol (green) for four days (described in 2.2.20). The CI values of triplicate wells

were normalised for time of adherence (black arrow), averaged and plotted against time.

Error bars represent the standard deviation of the mean.
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once due to time constraints it should be repeated to confirm this result.

4.2.2 Analysis of HP1a KD and HP1p KD cells with fluorescence activated cell

sorting demonstrates unchanged cell cycle profiles

Fluorescence activated cell sorting (FACS) was the method chosen to examine the cell
cycle profiles of the HPla KD and HP1PB KD cell lines (method outlined in 2.2.21).
This method utilised a flow cytometer to sort the cells into three populations according
to DNA content. DNA content was determined by intensity of staining with propidium
iodide, a fluorescent molecule that can intercalate within the DNA. The populations of
cells were GO/G1(2n DNA, cells are quiescent or preparing to begin cell division), S
(increased DNA staining, synthesis of DNA is occurring in preparation for mitosis), and

G2/M (4n DNA, cells just prior to entering or undergoing mitosis).

The cells were treated with RNase prior to sorting to ensure that propidium iodide
fluorescence was due to the presence of DNA only. Samples from each cell line were
also left unstained as a control for propidium iodide staining; these cells had cell cycle
profiles that were shifted to the left with a single peak (data not shown). This is because
the flow cytometer was still able to count the cells, but they could not be sorted into the
different phases of the cell cycle due to the lack of propidium iodide. An RNase A
control was also included, using cells from each cell line that were not treated with
RNase A. As expected, these cells had cell cycle profiles that were shifted to the right as
the result of increased propidium iodide staining (data not shown). Cell cycle profiles
for the HP1a KD, HP1B KD cell lines and control cell lines were constructed using cell

counts at each propidium iodide (PI) intensity (Figure 4.5).

The HP1a KD cells had cells distributed across the PI intensities similarly to the HC
cells, with a large peak corresponding to the GO/G1 cells (M1) and a much smaller peak
corresponding to the G2/M cells (M3). The percentages of cells sorted into GO/G1, S

and G2/M were similar in the HP1o, KD and HC cells (Table 4.1).

The cell cycle profiles of the HP1B KD cell line also had cells distributed over the
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Figure 4.5 HP1a and HP1P knock-down MCEF-7 cell lines have unchanged cell cycle
profiles compared to control cell lines. Sub-confluent cells were harvested, fixed,
stained with propidum iodide and sorted into GO/G1(M1), S(M2), and G2/M (M3)
populations with a flow cytometer (method described in 2.2.21). Cell counts for each

propidium iodide intensity were constructed into a graph for each cell line.
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Average % GO/G1  |Awverage % S Average % G2/M
(M1) + Std Dev (M2) +Std Dev | (M3) * Std Dev
HC 51.2741.75 18.21+0.18 25.31+1.31
HP1a KD 57.75+1.36 18.14+0.28 19.81+0.86
NC 59.43+2.33 18.46+0.68 19.83+1.01
HP1B KD 55.34+0.44 19.4+0.19 22.68+0.64

Table 4.1 Proportions of HC, HPla KD, NC and HPIB KD cells in G0/G1, S, and
G2/M as determined by fluorescent activated cell sorting. Sub-confluent cells were
harvested, fixed, stained with propidum iodide in triplicate and sorted into GOGI1(M1),

S(M2), and G2/M (M3) populations with a flow cytometer (method outlined in section
2.2.21).
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different PI intensities in a similar pattern to the NC cells, with peaks at GO/G1 (M1)
and G2/M (M3). Table 4.1 shows that the HP1p KD cells had similar percentages of
GO0/G1, S, and G2/M cells compared to the NC cells.

On the whole, these results indicate that decreasing HP1lo or HP1p did not appear to
influence the cell cycle of MCF-7 cells.

4.2.4 Acridine orange staining shows decreased chromatin compaction in HP1a KD

and HP1p KD MCF-7 cells compared to control cell lines

As HPI1 proteins can facilitate heterochromatin formation, it was investigated whether
decreasing either HP1a or HP1B would alter global chromatin compaction in MCF-7
cells (Lachner et al., 2001). To achieve this, the cells were fixed and stained with
acridine orange, a stain that intercalates into DNA (McMaster and Carmichael, 1977).
Cells with more globally open chromatin will incorporate more acridine orange than
those with compacted DNA, and therefore give greater intensity of staining. After fixing
and staining the cells according to the method described in section 2.2.23 six different
images were taken of the cells using identical confocal microscope settings. Intensity

plots were constructed from these images using Leica LAS AF software (Figure 4.6).

The HPla KD cell line had greater fluorescence when compared to the HC cell line.
Increased fluorescence is indicated by the presence of brighter orange cells in the
photographs, and higher yellow peaks in the intensity plots. These peaks were present in
the HP1a KD intensity plot, but absent in the HC intensity plot. Similarly, the HP1B KD
cell line also exhibited greater fluorescence than the NC cell line. This was
demonstrated by the presence of considerably more yellow peaks in the HP1B KD
intensity plot compared to the NC intensity plot. The greater fluorescence seen in both
the HP1a KD and HPIB KD cell lines indicates that these cell lines both have globally
more open chromatin compared to the control cell lines. Hence, HP1a and HP1B may

contribute to maintaining global chromatin compaction in MCF-7 cells.
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Figure 4.6 MCF-7 cells with HPla or HP1PB knock-down show decreased chromatin
compaction compared to their respective control cell lines. HC, HP1a KD, NC and
HP1B KD cell lines were fixed and stained with acridine orange as described in section
2.2.23. Six images were taken using identical conditions and intensity plots constructed
from the pictures obtained. Increased staining intensity is indicated by the height of the
peaks and also by the colour; intensity of staining increases moving from the
purple/blue spectrum through to the yellow/red. Images are representative and scale

bars (white) represent 250 pm.
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4.3 Chapter discussion

MCEF-7 cells with decreased expression of either HPla or HP1P and their respective
control cell lines were assayed for changes in proliferation, estrogen-dependent

proliferation, cell cycle profile and chromatin compaction.

HPla KD cells were found to have unaltered proliferation compared to the HC cells
when examined with both the BrdU proliferation assay and real-time cell monitoring.
This result agrees with the unchanged proliferation previously reported for MCF-7 cells
with artificially reduced HP1a (Norwood et al., 2006). Doubling times calculated from
the real-time cell monitoring data were also the same, at around 25 hours. Additionally,
real-time cell monitoring also showed that the HP1a KD cells had a similar increase in

proliferation in response to B-estradiol treatment.

The HP1p KD MCEF-7 cells also showed similar growth patterns to the NC cell line
when analysed with the BrdU assay and real-time cell monitoring. Doubling times were
25 hours for the two cell lines, and an estrogen-dependent proliferation response was

exhibited by both the HP1p KD and NC cell lines.

The HP1a KD cells were shown to have similar cell cycle profiles to the HC cells, with
the percentages of cells sorted into GO/G1, S, or G2/M populations generally within
10% of each other for the two cell lines. There was slightly greater variation seen in the
percentages of G2/M cells, but repeating this experiment with a higher of replicates may

give percentages that are more similar may result in percentages that are more similar.

As with the HP1a KD cells, the HP1B KD cells also showed little variation in cell cycle
profiles, and the sorted populations of cells were within 10% for the HP1B KD and NC
cell lines. This result and the one given by the HP1a KD cells confirm the results of a
study that examined cell cycle profiles of HeLa cells with HP1la or HP1p knockdown

and also found them to be unchanged.

Both the HP1a KD and HP1B KD cell lines showed increased acridine orange staining
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compared to their respective control cell lines. However, this result needs to be
investigated in more depth and would benefit from the addition of a control to ensure
that staining is even. However, an increase in acridine orange staining in the HP1o and
HP1p KD cells compared to the control cell lines may indicate a decrease in global

chromatin compaction.
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5. Investigating in vitro metastatic potential of HP1o KD and HP1p KD
MCEF-7 cell lines

5.1 Introduction

To explore the in vitro metastatic potential of the HP1la KD and HP1B KD cell lines,
assays were carried out to analyse invasive potential and anchorage independence.
Increased invasive potential and anchorage independence are two properties acquired by
cancer cells that allow them to detach from the primary tumour and move to another
area of the body as the cells become metastatic (Huang and Ingber, 1999). An invasion
assay was established to confirm whether the invasive potential of the HPla KD cells
was in agreement with previous studies, and also to explore the role of HPIP in
invasion. A soft agar colony formation assay was also established to determine whether
the cells could grow in an anchorage independent manner. This chapter describes the
optimisation of these assays and their use to characterise the MCF-7 stable HPla or

HP1p knock-down cell lines.

5.2 Results

5.2.1 Investigating the invasive potential of MCF-7 HP1a and HP1p KD cell lines

Loss of HP1a has previously been identified as a causal factor in increasing the invasive
potential of MCF-7 cells (Kirschmann et al., 1999). However, whether decreased HP1[3
in MCF-7 cells alters invasive potential has not yet been explored. To investigate this,
an assay was established to measure the invasive potential of the cells. In this assay,
porous membranes coated with extracellular matrix proteins (ECM) are used to create
upper and lower chambers in cell culture wells. The ECM is used to occlude the
membrane pores and prevent indiscriminate migration. Cells are suspended in serum-
free media and overlaid onto this membrane, while media containing FBS is used as a
chemo-attractant in the lower chamber of the well. Cells that are capable of invasion are

able to degrade the ECM proteins, pass through the membrane pores, and grow on the
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underside of the membrane, where they are later fixed and stained in preparation for

counting (Albini et al., 1987).

Before the MCF-7 stable HP1 knock-down cell lines could be assayed for invasive
potential, parameters including seeding density, the amount of ECM used in membrane

coating, and the timespan of the assay needed to be optimised.

5.2.1.1 Optimisation of seeding density and ECM coating for MDA-MB-231 cells

An optimal seeding density will allow a sufficient number of invasive cells in the
population to adhere the membrane for accurate counting. However, cell number seeded
must not also be so high that the cells are able to degrade the membrane and invade due

to over-growth of cells on the ECM layer.

Similarly, the amount of ECM used needed to be sufficient to provide a barrier to
indiscriminate migration, but still result in a thin enough coating that the invasive cells
could degrade it and pass through the membrane within the time constraints of the
assay. Seeding density and the amount of ECM used in the invasion assay were
consequently optimised with the MDA-MB-231 cell line, an invasive breast cancer cell
line (Kirschmann et al., 2000). Four different MDA-MB-231 seeding densities between
5x10* cells/well and 2.5x10° cells/well with three ECM coating amounts were assayed
for invasive potential according to the prescribed method in section 2.2.18. Percentage
invasion was calculated by multiplying the number of cells adhered to the bottom of the
membrane in a field of specified size. This number was then extrapolated to area of the
whole membrane to work out the total cell number of cells on the membrane. The total
number of invading cells was then divided by the total number of cells that were seeded

and finally multiplied by 100.

Figure 5.1A displays representative images of the invading MDA-MB-231 cells present
on the underside of the membranes. Few cells are present at a seeding density at or
below 1x10° cells/well, but the number of invading cells has dramatically increased

using a seeding density of 2.5x10° cells/well. This indicates that a seeding density of
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Figure 5.1 Optimising cell number and extracellular matrix coating amount for the
invasion assay. The four different seeding densities of MDA-MB-231 cells shown above
were seeded in duplicate onto membranes coated with either 50 pug, 75 pg or 100 pg of
ECM and left to invade for 24 hours. At this point the cells were stained, imaged (A),
counted (section 2.2.18) and the percentage invasion calculated and graphed (B). Error

bars represent the standard error of the mean. Scale bars (red) represent 100 pm.
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greater than 1x10° cells/well is needed for MDA-MB-231 cells to achieve significant
invasion. Figure 5.1B summarises the percentage invasion values of the MDA-MB-231
cells at a range of ECM and seeding densities. Cells seeded at less than 1x10° cells/well
achieved less than 1.6% invasion regardless of which ECM was used during seeding.
Percent invasion rose to between 1.6% and 3.4% when the cells were seeded at 1x10°
cells/well onto one of the three ECM concentrations. A seeding density of 2.5x10°
cells/well had the highest percentage invasion across the three ECM amounts, with 32%
invasion with 50 pg ECM/well, 20% invasion at 75 ng ECM/well and 8% invasion at
100 pg ECM/well. This indicates that an appropriate seeding density for MDA-MB-231

cells to achieve significant invasion was 2.5x10° cells/well.

A seeding density of 2.5x10° cells/well was also chosen for future invasion assays that
were carried out with MCF-7 cells. While percentage invasion for the MDA-MB-231
cell line was greater than 7% at all three ECM amounts tested, MCF-7 cells are typically
less invasive and therefore may not have been able to invade through 100 pg/well of
ECM during the time constraints of this assay. Consequently, the 50 ug ECM/well and
75 ng ECM/well concentrations were both selected for further optimisation with the

MCEF-7 cells.

5.2.1.2 Optimisation of invasion assay length and ECM coating amount

Previous invasion assays with MCF-7 cells had been carried out using a variety of assay
time lengths, ranging from just six hours to five days (Cos et al., 1998; Fiucci et al.,
2002). Consequently, we needed to determine the optimal length of time needed for the
MCEF-7 HP1a and HP1B KD cells to invade through the membrane. The NC and HP1f3
KD MCF-7 cell lines were initially selected to optimise assay length and the amount of
ECM required. These cells were suspended in FBS-free media and seeded at a density
of 2.5x10° cells/well onto membranes coated with either 50 pg/well and 75 pg/well of
ECM. After incubation lasting either three or five days, the cells were stained, imaged

and the percentage invasion calculated as in section 5.2.1.1.

Figure 5.2 summarises percentage invasion values obtained for the NC and HP1B KD
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Figure 5.2 Optimising ECM amount and assay time length for NC and HP13 KD MCF-
7 cell lines. Cells were seeded in duplicate onto membranes coated with either 50 ug or
75 nug of ECM and left to invade for either three days or five days. The membranes were
then stained, imaged, counted and percentage invasion calculated as in 2.2.18. Error

bars represent the standard error of the mean of duplicate wells.
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cells. The two cell lines had similar percentages of invasion when 50 pg/well of ECM
was used in either the three day or five day assays. Both cell lines showed higher
percentage invasion using 75 pg/well of ECM at either three or five days compared to
the 50 pg/well of ECM wells. However, when 75 pg/well of ECM was used the NC

cells showed increased percentage invasion compared to the HP1p KD cells.

The final conditions selected to test the invasive potential of the HP1a KD and HP1f
KD cell lines were five days, 50 pg/well of ECM and a 2.5x10° cells/well seeding
density. As the wells containing 75 pg/well of ECM did not dry as effectively as the 50
pg/well of ECM wells, there were concerns about about inconsistent ECM
polymerisation in the 75 pg/well of ECM wells. Initially, a three day assay time was
selected along with the same ECM amount and seeding density as this timespan did
result in sufficient invading cells to calculate percentage invasion. However, no changes
in invasion were seen amongst the four cell lines when the invasion assay was carried
out using these conditions as all four cell lines exhibited between 0.5 and 0.6% invasion
(Figure 5.3). Accordingly, the decision was made to proceed with the assay for five days
instead, to ensure that differences in invasive potential amongst the cell lines would not

become apparent when the cells were left to invade for longer.

5.2.1.3 Reduction of HP1a or HP1p levels does not alter invasive potential in MCF-7

cells

The conditions that were optimised in the previous assays described were used to
measure the invasive potential of the HPloo KD and HP1B KD cells. Cells were
suspended in FBS-free media and seeded onto membranes previously coated with 50
pg/well ECM. Migration controls, which demonstrated that the cells were capable of
moving through an uncoated membrane, were provided by seeding the cells onto
uncoated membranes with media containing FBS in the bottom well. This control also
shows that invasion is inhibited by the presence of the ECM on the membrane. A
control to demonstrate the chemo-attractive properties of the FBS media was created by
seeding the cells onto an uncoated membrane with FBS-free media in the bottom well.

The cells were incubated for five days, then the cells on the underside of the membrane
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Figure 5.3 MCF-7 cells with HPla or HP1B knock-down show no differences in
invasive potential compared to their respective control cell lines after three days. The
four MCF-7 cell lines were seeded onto either membranes coated with ECM with FBS
as a chemo-attractant in the lower wells. After three days the cells were stained, imaged,
counted and the percentage invasion calculated as in section 2.2.18. Error bars represent

the standard error of the mean of triplicate wells.
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were prepared and counted as described in 2.2.18. Percentage invasion was calculated

as in section 5.2.1.1.

Figure 5.4 depicts the summarised results of the invasion assay using the four cell lines.
Relative to the HC cell line, the HPla KD cell lines had a very similar percentage
invasion (Figure 5.4A). When the cells were tested in a migration control, however, the
HPla KD cell line had a lower percentage of migrated cells than the HC cell line
(Figure 5.4B). This may have been due to an error in seeding density in the HC cells, as
it would be expected that the migration of the HC and NC cell lines were more similar.
The uncoated membrane/no FBS control resulted in both the HC and HPla KD cell
lines showing less than 0.3% invasion, which is the expected result as it demonstrates
that the cells will not move through the membrane if there is no chemo-attractant

present (Figure 5.4C).

The HP1B KD cell line was also found to have a similar percentage invasion compared
to the NC cell line. The percentage of migrating cells was slightly lower in the HP1f
KD cell line than in the NC cell line. As with the HC and HPla KD cell line, the

uncoated membrane/no FBS control also resulted in under 0.3% invasion.

Taken together, these results suggest that decreasing HP1a or HP1P does not impact the

invasive potential of MCF-7 cells.

5.2.2 Examining anchorage independence of HP1a KD and HP1f KD MCF-7 cells

Characteristics of cancer cells include the ability to proliferate in the absence of ECM or
cell-cell interactions (anchorage independence) and also the capacity to form three-
dimensional colonies instead of a mono-layer (Assoian, 1997; Bissell and Radisky,
2001; Freedman and Shin, 1974). The ability of HP1a KD and HP1B KD cells to form
anchorage-independent colonies was assayed using a soft agar colony formation assay.
This involves mixing cells with low-melting temperature agarose combined with growth
media and seeding them onto a layer of previously set agarose. The cells are then

cultured for three weeks, stained, and the number of three dimensional round colonies
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Figure 5.4 HPlo or HP1B KD MCEF-7 cells displayed unaltered invasive potential
compared to their respective control cell lines. The four MCF-7 cell lines were seeded
onto either membranes coated with ECM with FBS as a chemo-attractant in the lower
wells, or FBS free media as a control. After five days the cells were stained, imaged,
counted and the percentage invasion calculated as in section 2.2.18. Error bars represent

the standard error of the mean of triplicate wells.
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are counted.

5.2.2.1 Optimising gelling time for the soft agar colony formation assay

An initial difficulty in establishing the soft agar colony formation assay came in the
form of finding a suitable gelling time. Insufficiently gelled agarose, when placed in the
incubator, will liquefy and the cells sink to the bottom of the plate. The NC and HP1p
KD cell lines were used to optimise the agarose gelling time, as the length of time taken
would remain constant regardless of which cell lines were used. Appropriate gelling
time was determined by setting up agarose plates containing HP1 KD and NC cells as
prescribed in 2.2.22. The plates of cells were then refrigerated for either five or ten
minutes before placing the plates were relocated to the incubator. The cells were
allowed to grow for three weeks before being stained, imaged and the spherical colonies

were counted.

The plate incubated for five minutes resulted in the majority of the cells sinking to the
bottom of the plate, and forming irregularly shaped flat patches. True colonies, spherical
in shape and distinguishably three dimensional, were not in high abundance, with an
average of just 18 colonies per well for the NC cells and 29 colonies per well for the
HP1B KD cells (Figure 5.5A). The cells grown in the agarose that was allowed to gel for
ten minutes gave many more spherical colonies; an average of 83 colonies per well for
the NC cells and 225 colonies per well for the HP1B KD cells (Figure 5.5B). These
results indicate that the ten minute gelling time was more suitable due to the increase in

spherical colonies seen for both cell lines, and it was chosen for subsequent assays.

5.2.2.2 Decreasing HP1a or HP1p in MCF-7 cells alters anchorage independence

To assess their ability to grow anchorage independently and form three-dimensional
colonies, the HPla KD and HP1p KD were subjected to a soft agar colony formation
assay. The cell lines were assayed in triplicate using the procedure outlined in 2.2.22
with at ten minute agarose gelling time. After three weeks' growth, the cells were

stained, and the number of spherical three-dimensional colonies counted. This assay
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Figure 5.5 Optimisation of agarose gelling time for a soft agar colony formation assay.
Soft agar colony formation assays were set up as described in section 2.2.22 using HP1f3
KD and NC cells. Gelling of the plated in the refrigerator was carried out for either five
(A) or ten (B) minutes. After three weeks, the cells were stained with crystal violet,
imaged, and the number of round three-dimensional colonies counted and graphed.

Error bars represent the standard error of the mean of triplicate wells.
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was repeated twice, and similar results were obtained each time.

Figure 5.6 summarises the results of this colony formation assay, and depicts
representative images of the colonies obtained for each cell line. The HP1a KD cells
formed on average, almost 200 colonies less than the HC cells, indicating that HP1a
may be necessary for anchorage independence. This is also shown in the images of the
cells, as there are fewer colonies present in the HP1a KD photograph compared to the
HC photograph. In contrast, the HP1p KD cell line had just over 150 more colonies per
well on average compared with the NC cell line. More colonies are also present in the
image of the HP1PB KD cells compared to the NC cells. This result may indicate that

decreased HP1 permits enhanced anchorage-independent growth in MCF-7 cells.

5.3 Chapter discussion

Loss of HP1a has previously been observed in breast metastases compared to normal
breast tissue (Kirschmann et al., 2000), whereas HP1 protein levels have been shown
to decrease in thyroid tumour progression (Contreras et al., 2009). Consequently, the
HPla KD and HP1B KD MCEF-7 cell lines were analysed in vitro for any changes in
characteristics that contribute to metastasis. These were assayed using invasion assays
and soft agar colony formation assays to examine invasive potential and anchorage

independence respectively.

5.3.1 Does knock-down of HP1a or HP1f alter invasive potential of MCF-7 cells?

Although a previous study carried out by Norwood et al. (2006) reported an increase in
invasive potential when HP1a was decreased in MCF-7 cells, the invasive potential of
the HPla KD cells examined in this study was unchanged. The differences seen
between the results of the invasion assays for the HP1a KD cell lines presented here and
those performed by Norwood et al. (2006) may be due to several factors. The HP1a KD
cells used in this study were also found to have increased levels of HP1f, which was not
reported by Norwood et al. (2006). Possible compensatory mechanisms between HP1a

and HP1p levels with respect to invasive potential have not yet been investigated.
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Figure 5.6 HP1 levels influence anchorage independence. Soft agar colony formation
assays were performed in triplicate with the HPla or HP1 knock-down MCF-7 cells
and their respective control cell lines. Error bars represent the standard error of the
mean, and * indicates that the p-value is less than 0.1 and a greater than 90% confidence
that the data set is different to the respective control cell line data set. ** specifies a p-
value of less than 0.05 and that there is a greater than 95% confidence that the data set is

different to that of the control cells. Scale bars (black) represent 1 mm.
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Secondly, although the assays used to measure invasive potential in this study and by
Norwood et al. (2006) were based on the same method, there were some differences.
The protein concentration of the ECM solution used by Norwood et al. (2006) was not
specified, and may have been different to the one used in this study. Issues with ECM
polymerisation and membrane coating are a limitation of this type of invasion assay.
This could be addressed by carrying out a different type of invasion assay, which could
involve culturing cells within layers of ECM proteins (Brekhman and Neufeld, 2009),
or use specialised invasion plates adapted for the XCELLigence System™ (Bird and

Kirstein, 2009).

This study also showed that decreased HP1B does not appear to influence invasive
potential in MCF-7 cells, though this could also be corroborated by subjecting the HP1
KD cells to an alternative invasion assay. As mentioned before, further studies carried
out with MDA-MB-231 cells may also be useful to further investigate the role of HP13
in invasion. In addition, the HP1p KD cell line did have a small decrease in HP1a, so it

would also be important to repeat these assays using cells with HP1p knock-down only.

The migration control used in the invasion assay showed a slight decrease in migration
for both the HP1a KD and HP1PB KD cells compared to the controls. This result would
appear to support the lack of increased invasion seen in either the HPla KD or HP1p
KD cells. However, as this assay was only carried out once it would need to be repeated

to confirm this result.

5.3.2 How does knock-down of HP1a or HP1p impact anchorage independence in

MCF-7 cells?

This study has potentially implicated HP1a and HP1pB as having roles in anchorage
independence in MCF-7 cells. In this study, MCF-7 cells with HP1a knock-down had
decreased anchorage independence, which may suggest that it promotes anchorage
independence. The HP1B KD cells, on the other hand, had increased anchorage
independence, which could indicate that it suppresses anchorage independence. This is

an interesting result which could be strengthened by characterising the other six HP1a
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KD or HP1B KD MCF-7 cell lines described in Chapter 3 (CBX1/5 ID1, ID2, and ID4).
This would ensure that the results given by the HPloo KD and HP1p KD cell lines
examined were not just an anomaly particular to those cell lines. To confirm that HP1a
and HP1P were important for anchorage independence in breast cancer cells in general
and not just MCF-7 cells, different non-invasive cell lines such as T47D could be
examined. This would involve creating HP1la or HP1B knock-down cell lines using the
T47D and shRNA plasmids described in Chapter 3, then subjecting them to the same

soft agar colony formation assays used in this study.

To ensure that the results obtained were not due to the method used, the HP1a KD and
HP1B KD MCEF-7 cells could be subjected to an alternative anchorage independence
assay. Commercially available anchorage independence assays also culture cells in
agarose, but instead of staining and counting the cells at the conclusion of the assay a
cell quantification stain is used. After the cells have taken up this stain, a
spectrophotometer is used to record the absorbance. This may be a more accurate

method for quantifying the number of colonies as no counting would be required.
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6. Creation of a MDA-MB-231 Tet-On HP10-CFP inducible cell line

6.1 Introduction

Creating MCF-7 cell lines with reduced expression of HP1a allowed us to explore the
effects of decreased HPla on proliferation, invasive potential and anchorage
independence. The invasive MDA-MD-231 human breast cell line has previously been
found to have low expression of HPla compared to MCF-7 cells (Kirschmann et al.,
1999). Once established, MDA-MB-231 cell lines with inducible HPla expression
could be examined for changes in proliferation, cell cycle profile, invasive potential and
anchorage independence. The advantage of the MDA-MB-231 Tet-On cells is that
assays can be performed with either high or low expression of HP1a, which is useful in

determining the effects of different levels of HP1a protein on MDA-MB-231 cells.

To establish an MDA-MB-231 cell line with inducible expression of HP1a, we used the
Tet-On Advanced System® (Clontech, Mountain View, CA). This system uses
doxycycline to tightly control expression of the gene of interest. This will enable the
examination of the effects that various levels of HP1a expression have on MDA-MB-

231 cells. This chapter describes the creation of the cell line mentioned above.

6.2 Results

6.2.1 qRT-PCR determination of HP1a levels in MDA-MB-231 and MCF-7 cells

Prior to establishing the MDA-MB-231 Tet-On HP1a-CFP cell line it was confirmed
that MDA-MB-231 cells have decreased levels of HP1a mRNA compared to MCF-7
cells (Kirschmann et al., 2000; Thomsen et al., 2011). Total RNA was isolated from
MCF-7 and MDA-MB-231 cells, reverse transcribed and qRT-PCR performed using
primers designed to specifically amplify HPla or B-actin cDNA (outlined in section
2.2.11). Figure 6.1 is a graph summarising qRT-PCR results, this highlights that levels
of HP1a normalised to B-actin in the MDA-MB-231 cells were around 50% of that seen
in the MCF-7 cells. This confirmed that endogenous levels of HP1a are greatly reduced
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Figure 6.1 MDA-MB-231 cells show decreased HP1a expression compared to MCF-7

cells. Quantitative RT-PCR was performed in triplicate to determine levels of HPla
mRNA (outlined in section 2.2.11) HP1loo mRNA levels were normalised to B-actin

levels. MDA-MB-231 HP1a levels are shown relative to MCF-7 HP1a mRNA levels.
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in MDA-MB-231 cells compared to MCF-7 cells used in this study.

6.2.2 MDA-MB-231 Tet-On cell line development

The Tet-On Advanced® system requires the stable uptake of two plasmids, the first is
the Tet-On Advanced plasmid encoding a transcriptional transactivator and a gene
which confers resistance to geneticin. The second plasmid, pTre-Tight, contains a
modified Tet-responsive element upstream of a CMV promoter, and the of the gene of
interest (in this case, HP1a with a CFP tag) is cloned downstream. When both plasmids
are successfully integrated into a mammalian cell, expression of the gene of interest can
be induced with doxycycline. Doxycycline binds to the transcriptional transactivator,
which in turn activates expression of the gene of interest through an interaction with the

Tet-responsive element in the promoter (Figure 6.2).

The first step in the creation of an inducible MDA-MB-231 Tet-On cell line was to
establish a MDA-MB-231 cell line that stably expressed the transcriptional
transactivator protein. This was accomplished by transfecting MDA-MB-231 cells with
the pTet-On Advanced® vector, as described in Methods section 2.2.3. Transfected cells
were selected for using 400 pg/mL of geneticin and eleven clones were obtained after
15-25 days. These clones were then tested for inducibility by a transient transfection
with the pTre-Tight-Luc reporter plasmid (described in section 2.2.5). This pTre-Tight-
Luc plasmid has the firefly luciferase reporter gene under the control of a promoter
containing the tet-responsive element. A renilla luciferase plasmid was co-transfected to
monitor transfection efficiency. Expression of firefly luciferase was induced with 1
pg/mL of doxycycline, and the cell lysates were assayed for firefly and renilla luciferase
activity (described in section 2.2.6), which were both recorded as Relative Light Units
(RLU). Firefly luciferase activity was normalised against renilla luciferase activity and

the results are summarised in Figure 6.3.
Of the 11 clones tested, only three (H2, Al and I6) were found to have increased

normalised luciferase activity when treated with 1 pg/mL of doxycycline and each clone

had low luciferase activity in the absence of doxycycline. Normalised firefly RLU of the
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Figure 6.2 Overview of doxycycline induced expression in the Tet-On Advanced
System™. Doxycycline (purple) binds to a mutant version of the E.coli Tet repressor
protein (blue), which is joined to three minimal transcription activation domains from the
herpes simplex virus (HSV) VP16 protein (yellow) to give a transcriptional
transactivator. When doxycycline is bound, the transcriptional transactivator binds to the
tetracycline response element (TREwmop) in the pTRE-Tight promoter and activates
transcription of the gene of interest (green) through a minimal CMV promoter (adapted

from Clontechniques, 2003).
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Figure 6.3 Clones stably transfected with pTet-On show varying inducibility. H2, Al
and 16 pTet-On stably transfected MDA-MB-231 clones were transfected with the pTre-
Tight-Luc plasmid and pCMYV renilla plasmid as described in Methods section 2.2.8.
After 48 hours of induction with 1 pg/mL of doxycycline or being left untreated whole-

cell lysates from these cells were prepared and assayed for luciferase activity as

described in section 2.2.6.
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H2, Al and 16 clones were 0.03, 1.1 and 0.98 respectively when induced with
doxycycline. Conversely, the normalised luciferase RLU readings of the cells not
treated with doxycycline were 1x107 or less for each of these three clones. The other
eight cell lines did not show increased luciferase activity when treated with doxycycline
(data not shown). Testing for inducibility ensured that the pTet-On Advanced® vector
had incorporated into a region of the genome that was transcriptionally active.
Additionally, it also ensured that the resulting transcriptional transactivator produced
was able to both respond to doxycycline and bind to the Tet-responsive elements present

in a pTre-Tight promoter.

For a clone to be considered suitable for stable transfection with the pTre-Tight plasmid,
it must express the transcriptional TetR transactivator at sufficient levels to be able to
bind to the Tet-responsive element and strongly activate expression through the pTre-
Tight promoter when doxycycline is present. Conversely, the transcriptional
transactivator must not be able to bind to the Tet-responsive element when doxycycline
is not present. This is to ensure that that leaky expression of the gene under the control
of the pTre-Tight promoter cannot occur. The fold induction of a clone is calculated by
dividing the normalised firefly RLU of the induced cells by the normalised firefly RLU
of the uninduced cells. The fold induction should be at least 20 fold when the cells are
induced with 1 pug/mL doxycycline, according to the manufacturer's recommendations.
The H2 clone had a calculated fold induction of 1.9x10? whereas the A1 and 16 clones

were found to have 2.8x10” and 3.6x10° fold inductions respectively.

6.2.2.1 Doxycycline titration to identify variable expression of the TetR transactivator

in MDA-MB-231 clones

Once potential clones that were inducible with 1 ug/mL of doxycycline were identified,
it was determined whether the expression of firefly luciferase could be modulated in
these clones using different concentrations of doxycycline. The 16 and Al cell lines
(shown to have the highest fold inductions in Figure 6.3) were again transiently
transfected with pTre-tight-luc and pCMV-Renilla. Luciferase expression was then

induced with a range of five doxycycline concentrations between 1x10° and 1 pug/mL

100



for 48 hours, and the resulting lysates were assayed for luciferase activity. Figure 6.4
summarises the fold inductions calculated for the Al and I6 clones at five doxycycline
concentrations. The fold inductions for both cell lines are progressively higher as
doxycycline concentration increases, though the fold inductions of the I6 clone are
consistently higher than those of the A1 clone. Thus, the A1l clone proved more sensitive

to doxycycline than the 16 clone.

A1 cells that were not treated with doxycycline had a normalised firefly luciferase RLU
reading of 2x10™, whereas the 16 uninduced cells had a higher normalised firefly
luciferase RLU reading of 6.4x107. Luciferase expression should be as low as possible
in uninduced cells, as this shows that the transcriptional transactivator cannot effectively
activate expression of the gene of interest in the absence of doxycycline. This minimises
undesirable expression of the gene of interest when doxycycline is not present. As the
Al clone had lower uninduced firefly luciferase expression than the 16 clone and thus

had higher fold induction, it was chosen to create the inducible HP1a-CFP cell line.

6.2.3 MDA-MB-231 Tet-On HP1a-CFP stable cell line development

6.2.3.1 Transient expression of pTre-Tight-HP1a-CFP in a MDA-MB-231 Tet-On cell

line

After an inducible MDA-MB-231 Tet-On cell line was selected, it was necessary to
ensure that the HP1a-CFP protein could be expressed in this cell line in response to
induction with doxycycline. This was initially achieved by transiently transfecting the
pTre-Tight-HP1a-CFP vector (assembly of a HP1a-CFP construct and cloning of it into
the pTre-Tight vector had previously been carried out by Dr Tracy Hale) into the MDA-
MB-231 Tet-On A1 cell line, as described in section 2.2.5. The cells were treated with
five doxycycline concentrations (1x10%, 1x107, 0.01, 0.1 and 1 pg/mL) or left untreated
for 48 hours, then HP10-CFP expression was examined by immunoblot analysis with an
antibody against HP1a (outlined in sections 2.2.14-2.2.16). As endogenous HPla was
expected to be the same across all samples, an internal loading control such as tubulin

was not used. Figure 6.5 is an image of the immunoblot showing that the cells that were
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Figure 6.4 Modulation of doxycycline levels results in tunable p-Tre-Tight induction.
Al and I6 stably transfected pTet-on MDA-MB-21 clones were transiently transfected
with 0.95 pg of pTre-Tight-Luc plasmid and 0.05 pg of pCMYV renilla plasmid. After 48
hours in the presence of media containing either no doxycycline or 1, 0.1, 0.01, 1x10~
or 1x10”° ug/mL of doxycycline, whole cell lysates were prepared and assayed for
luciferase activity. Fold induction is calculated by dividing normalised firefly RLU of

doxycycline-induced cells by normalised firefly RLU of uninduced cells.
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Figure 6.5 pTre-Tight-HP1a-CFP is expressed in response to doxycycline in a dose-
dependent manner. Cells stably expressing pTet-on were transfected with pTre-Tight-
HP1o-CFP (outlined in Methods section 2.2.5), and treated with one of five
doxycycline concentrations or left untreated. Equal amounts of whole cell lysates were
subjected to immunoblot analysis as described in Methods sections 2.2.14-2.2.16 using

an antibody against HP1a.
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not treated with doxycycline or with 1x10™ pg/mL of doxycycline had low expression of
the 56 kDa HPlo-CFP protein. However, with each increasing doxycycline
concentration from 1x10° ug/mL, the amount of HP1a-CFP protein also increased.
Expression of the 25 kDa endogenous HPla protein were similar across all samples.
This shows that expression of the HP1a-CFP protein could be modulated by varying
doxycycline concentrations, and also that the expression of this protein did not appear to

affect expression of endogenous HP1a protein.

6.2.3.2 Identifying a MDA-MB-231 Tet-On stable cell line with inducible HP1a-CFP

expression

Creation of the stable cell line with inducible HP1a-CFP expression was accomplished
by co-transfecting 1 pg of pTre-Tight-HP1a-CFP and 0.05 pg of a linear hygromycin
marker into the MDA-MB-231 Tet-On Al cell line (carried out as in section 2.2.4).
Stable transfection was maintained with 600 pg/mL of hygromycin until nine clones
were established between 14-21 days later. To identify a clone that expressed HP1a-CFP
in a doxycycline dose-dependent manner, three clones (D1, H1 and E2) were grown in
the presence of either 0, 0.01, 0.1 or 1 pg/mL of doxycycline. Lysates were prepared
from these cells 48 hours after induction and levels of HP1a-CFP protein expression

determined by immunoblot analysis using an antibody against HP1a.

Figure 6.6 is an immunoblot showing that the H1 clone successfully expressed HP1a-
CFP protein relative to the increasing doxycycline concentration. The most HP1a-CFP
protein was present in the cells induced with 1 ug/mL of doxycycline. Importantly, little
expression of HP1a-CFP was seen when the H1 cells were not exposed to doxycycline.
Endogenous HP1la does not appear to vary greatly for samples from each clone. Five
clones (D1 and E2 can be seen in Figure 6.6) displayed little to no expression of HP1a-
CFP even in the presence of doxycycline. Collectively, this indicated that the H1 clone
could be propagated and used as a stable MDA-MB-231 cell line with inducible HP1a-

CFP expression in the presence of doxycycline.
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Figure 6.6 Expression of stably transfected pTre-Tight-HP1o-CFP in a MDA-MB-231
Tet-On clone. MDA-MB-231 cells stably expressing pTet-On were transfected with
pTre-Tight-HP1a-CFP as described in Methods section 2.2.4, and the resulting clones
induced with either 0.01, 0.1, or 1 pg/mL of doxycycline or left uninduced. Equal
amounts of whole cell lysate were subjected to SDS-PAGE and immunoblot using an

antibody against HP1a, as outlined in Methods section 2.2.15-2.2.16.
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6.3 Chapter summary

A MDA-MB-231 cell line with inducible expression of HP1a-CFP was created to
enable future work regarding the role of HPla protein levels in breast cancer
progression. Of three MDA-MB-231 clones, the Al clone was chosen to create the
inducible HP1a-CFP cell line. This was due to its responsiveness to doxycycline
induction, and also to its ability to maintain minimal pTre-Tight promoter activity in the

absence of doxycycline.

Transient transfection of the MDA-MB-231 Tet-On Al clone with pTre-Tight-HPla-
CFP resulted in successful expression of the HP1a-CFP protein, which had increased
levels at higher doxycycline concentrations. Upon stable transfection of the MDA-MB-
231 Tet-On (A1 clone) with pTre-Tight-HP1a-CFP, a clone (H1) was obtained that gave
similar HP1a-CFP expression increases with doxycycline titration to the transient
transfection. This clone also had suitably low levels of uninduced HP1o-CFP
expression, indicating that expression of the gene encoding HP1a-CFP was tightly

regulated by the TetR transactivator.

Although the functional analysis of the effects of HPla over-expression in MDA-MB-
231 cells was not carried out during this study, the establishment of this cell line can be
used in future studies exploring the role of HPla in processes such as invasion and

anchorage independence.
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7. Discussion and future work

Work to date is yet to clarify the role of HPla in breast cancer, or address any
involvement of HP1p. In this study, MCF-7 cell lines with knock-down of either HP1a
or HP1pB were established and characterised to investigate the roles of these proteins in

breast cancer progression.

Reduction of HP1a in MCEF-7 cells did not alter proliferation rates or cell cycle profiles
(refer to Figures 4.2, 4.3 and 4.5) in asynchronous cells. This is in agreement with with
studies published previously, which found that decreasing HPla did not impact
proliferation in MCF-7 cells (Norwood et al., 2006) or the cell cycle profiles of HeLa
cells (De Koning et al., 2009). Collectively, these results suggest that HPla is not
essential for proliferation or the cell cycle, and that a previously reported decrease in
HP1a levels upon cells entering the quiescent phase is not essential for the cell cycle to

proceed (De Koning et al., 2009).

Reduction of HP1P in MCF-7 cells did not appear to alter proliferation rates or cell
cycle profiles (refer to Figures 4.2, 4.3 and 4.5). Unchanged cell cycle profiles were also
seen in HeLa cells with HP1B knock-down (De Koning et al., 2009), which together
with the results of this study indicates that HP1 levels do not affect the cell cycle or
proliferation. However, the consequences of loss of HPla or HP1p in MCF-7 cells
could be examined further by investigating proteins that are known to interact with
HPla and HP1B and which are also involved in cell division. Such proteins include the
lamin B receptor, which has implicated the HP1 proteins in roles in nuclear envelope re-
assembly (Kourmouli et al., 2000; Ye and Worman, 1996). Any changes in the
localisation of the lamin B receptor or the nuclear envelope resulting from decreased
HPla or HP1P could be examined through visualising the nuclear envelope and the

lamin B receptor using immunofluorescence.

MCE-7 cells express estrogen receptors and therefore are able to proliferate at an
increased rate in response to B-estradiol (Wiese et al., 1992). The response of MCF-7

cells with reduced HP1a to B-estradiol was unaltered (refer to Figure 4.4). This result
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implies that HP1a levels do not affect the pathways that govern the estrogen-dependent

proliferation response in MCF-7 cells.

Like the HP1a KD cells, the HP1p KD cells showed no changes in estrogen-dependent
proliferation (see Figure 4.4) indicating that levels of HP13 do not impact the pathways
that facilitate estrogen-dependent proliferation in MCF-7 cells. A microarray containing
cDNAs of genes encoding proteins involved in the estrogen-dependent proliferation
response (such as AKT1) could be used to distinguish any alterations in the expression
of these genes when either HP1la or HP1p is present or absent (Ahmad et al., 1999).
This would confirm whether HP1a or HP1 was involved in regulating the expression

of proteins that facilitate the estrogen response.

The HPla knock-down MCEF-7 cells were found to show no changes in invasive
potential (refer to Figure 5.4). However, this result conflicts with a previous study,
where MCF-7 cells with HP1a knock-down were found to have increased invasion
(Norwood et al., 2006). Additionally, an aggressive breast cell line has been found to
have decreased invasive potential when HPloa was artificially over-expressed
(Kirschmann et al., 2000). Collectively, this suggests that further work using alternative
methods of measuring invasive potential may be needed to definitively establish the role

of HP1a in invasion.

MCE-7 cells with decreased HP13 were also found to have unaltered invasive potential
(refer to Figure 5.4), which suggests that levels of HP1p do not impact on the pathways
that lead to increased invasion in MCF-7 cells. However, as with the HP1a KD cells,
these results could be further explored using a different assay to investigate invasive

potential.

This study also found that both the HP1a KD and HP1p KD MCF-7 cell lines may have
decreased global chromatin compaction (refer to Figure 4.6). Given the role that the
HP1 proteins have in heterochromatin maintenance, it is possible that their loss during
cancer progression contributes to the heterochromatin instability often seen in cancer

(Jones and Baylin, 2002). Further investigation is needed to establish if knock-down of
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HP1la or HP1p affects chromatin compaction and levels of heterochromatin. This could
be achieved by examining levels of histone marks that are typically associated with
either heterochromatin or euchromatin. An increase in global histone acetylation levels
may indicate a decrease in heterochromatin (Strahl and Allis, 2000), which may also be
shown by a decrease in DNA methylation (Jaenisch, 1997). However, altered
heterochromatin levels may not be the only contributor to chromatin instability in HP1a
KD or HPla KD cells. Given that HPla and HP1P have been implicated in roles in
several different DNA repair pathways (Luijsterburg et al., 2009; Song et al., 2001),
decreases in levels either of these proteins is likely to result in an increase in DNA
lesions. This could be investigated through examining levels of markers of DNA
damage, such as the histone variant H2AX, which is phosporylated at serine 139 in

response to DNA double-strand breaks (Mabh et al., 2010).

In non-cancerous cells, detachment from the ECM or other cells will usually result in a
form of programmed cell death known as anoikis (Gilmore, 2000). This occurs because
signalling from the ECM, which is mediated through proteins such as integrins, is
necessary for normal cell growth. In cancer cells, however, pathways that mediate
anoikis can become de-regulated, and cells gain the ability to escape apoptosis when
they lose contact with the ECM and other cells (Gilmore, 2000). As cancer cells are
able to survive independently of ECM attachment, they are capable of detaching from
the primary tumour and metastasising to other areas of the body. Consequently, a cancer
cell's ability to survive without attachment to the ECM or other cells is one predictor of

its metastatic potential.

While loss of either HPla or HP1P has been previously associated with advanced
tumour samples (Contreras et al., 2009; Kirschmann et al., 2000), it was unknown how
decreased levels of these proteins may contribute to metastatic potential. MCF-7 cells
with HP1a knock-down were found to have decreased anchorage independence (see
Figure 5.6). This indicates that HP1a has a role in promoting anchorage independence
in MCF-7 cells. However, as the HP1la KD cells used in this study also had increased
HP1p, it raises the question of whether decreased HPla or increased HP1P inhibits

anchorage independence. This could be addressed by over-expressing HP1a or HP1f in
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MCEF-7 cells; it would be expected that anchorage independence would increase if
HPla enhanced this process. Although the possible role of HPla as an enhancer of
anchorage independence in MCF-7 cells does need to be further investigated, this study
supports the idea presented by De Koning et al. (2009) that increased levels of HP1a

are detrimental in breast cancer progression and may be associated with metastasis.

In contrast, the HP1B knock-down MCF-7 cells were shown to have increased
anchorage independence (refer to Figure 5.6). This result suggests that HP13 may have
a role in suppressing anchorage independence in MCF-7 cells, and that the loss of HP1J3
may enhance the metastatic ability of breast cancer cells. The relationship between
levels of HP1PB and anchorage independence could be further defined by establishing
breast cancer cell lines that over-express HP1[3. If HP1p did act to inhibit anchorage
independence, it would be expected that cells with increased HP1 levels may show a

decrease in anchorage independence.

Exactly how HP1a or HP1p are involved in regulating anchorage independence is yet to
be determined. However, one possible way that HP1 may inhibit anchorage
independence is by suppressing pathways necessary for overcoming RAS induced
apoptosis. Over-expression of the RAS protein will normally lead to activation of
pathways that result in apoptosis, such as the caspase-9 phosphorylation cascade
(Cardone et al., 1998). However, MCF-7 cells with HP1p knock-down have been
observed to show an increased ability to escape apoptosis when K-RAS is over-
expressed (Tracy Hale, personal communication). This may indicate that decreased
levels of HP1p permit increased expression or activity of proteins in signal transduction
pathways that counteract apoptosis. The Ras-related C3 botulinum toxin substrate 1
(Racl) GTPase is activated by RAS through the Rac GDP-GTP exchange factors, and
in turn participates in signal cascades that regulate processes such as cell proliferation
and transcriptional transactivation through the transcription factor NF-xB (Joneson and
Bar-Sagi, 1999). The activation of these pathways in the HP13 KD cells as a means to
overcome apoptosis induced by anchorage independence could be investigated by

examining the levels the proteins involved, such as Racl and NF-«B.
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Given that the HP1 isoforms have been implicated in transcriptional regulation and
heterochromatic silencing (Bachman et al., 2001; Fuks et al., 2003; Vassallo and
Tanese, 2002), it is possible that they regulate expression of genes encoding proteins
that participate in anchorage independence or anti-apoptosis pathways. To identify
genes that are either up-regulated or down-regulated in the HPla KD or HP1p KD
MCE-7 cells, whole cell mRNA could be extracted and subjected to transcriptome
analysis using Next Generation Sequencing. By comparing the knock-down and control
cell lines, genes with altered expression that correlated with decreased HP1a or HP1f3
could be identified. To further implicate HP1a or HP1p in the regulation of any genes
identified, the same transcriptome analysis could be carried out in MCF-7 cell lines with
induced over-expression of HP1a or HP1B. Evidence of direct regulation of target genes
by HPla or HP1B could be obtained through subjecting the cells to chromatin-

immunoprecipitation sequencing using antibodies against HP1o or HP1p respectively.

The HPI1 proteins have been implicated in chromosome segregation, and HPla has
been suggested to be a facilitator of mitosis (De Koning et al., 2009; Kellum, 2003).
HeLa cells with HPla knock-down were shown to have an increased incidence of
chromosome bridges and misalignments, though increased mitotic defects were not
reported in the HP1P KD cells (De Koning et al., 2009). This is surprising given HP1p
has been shown to be important for normal chromosome segregation in mice (Aucott et
al., 2008). Further investigation of mitotic HP1la KD or HP1B KD MCEF-7 cells is
needed to establish the importance of these isoforms in regulating mitosis. As the HPla
KD and HP1 KD MCEF-7 cell lines established in this study are polyclonal, not all cells
will be expected to have the same level of HP1a or HP1 knock-down. Therefore using
immunofluorescence to examine staining of HPla or HPIB concurrently with the
chromosomal staining would be important to identify which cells had decreased

expression, and whether this correlated with any mitotic defects seen.

The HP1 isoforms have each have unique localisation patterns on chromosomes
(Bartkova et al., 2011; Dialynas et al., 2007). Distribution of HP1f in the HP1a KD
cells (and vice versa) could be compared to the control cell line, which could provide

information about whether any changes in HPIP localisation had taken place in
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response to the decreased HPla levels. This may help to establish whether HP1a or
HP1p show any compensatory change in chromosomal distribution when levels of the

other isoform are decreased.

This study has focused on the role of HP1la and HP1f in breast cancer, but HP1y may
also be involved. Altered HPly levels have been observed in tumours such as
seminomas and also in some ovarian cancer cell lines (Bartkova et al., 2011; Maloney
et al., 2007). While HP1y mRNA levels have been shown to differ little between non-
invasive and invasive breast cell lines (Kirschmann et al., 2000), it is unknown what
role, if any, it may play in breast cancer progression. MCF-7 cell lines with HP1y
knock-down could therefore be created and characterised in the same way as the HP1a

KD and HP1B KD cell lines to investigate this further.

Several drugs used to treat breast malignancy target DNA to achieve cell death.
Cisplatin and its derivatives are examples of these drugs, and activate apoptosis via the
DNA repair pathway by binding to nucleotides and cross-linking DNA (Kelland, 2007).
These drugs are effective because cancer cells often possess defective DNA repair
pathways as the genes encoding DNA repair pathway proteins, such as p53 or BRCA2,
are mutated or silenced (Khanna and Jackson, 2001; Lane, 1992). Consequently, the
cells are unable to repair DNA injuries and apoptosis is induced (Hoeijmakers, 2001).
As mentioned earlier, HP1a has been shown to associate with two proteins involved in
the non-homologous end-joining and homologous recombination repair pathways
respectively (Maul et al., 1998; Song et al., 2001). Additionally, HP1a and HP1f are
both recruited to UV-induced DNA lesions (Luijsterburg et al., 2009). Given these
interactions, it is possible that decreasing levels of HPla or HP1f would lead to a
reduced capacity for DNA repair. Therefore, the sensitivity of HPla or HP1 MCF-7
cells to chemotherapy drugs that induce DNA damage may be increased. In the future,
information gained about the sensitivity of HP1a KD or HP1B KD breast cancer cells to

specific drugs may allow for the selection of more effective treatment regimes.

Previous studies have produced contradictory reports of HPla expression in primary

breast tumour samples, and it is unclear if HP1a is increased or decreased (De Koning
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et al., 2009; Kirschmann et al., 2000). A large scale investigation of HPla levels in
breast tumours is needed to clarify how HP1a levels change as breast cancer progresses.
Additionally, HP1p levels have not yet been investigated in breast tumours. Examining
breast tumour samples for a loss of HP1p in either concurrently with loss of HPla or
alone will aid in determining whether loss of HPIP is important in breast cancer
progression. The results presented in this thesis suggest that loss of HP1f loss may be
important in breast cancer progression, particularly in anchorage independence, but a
decrease in HPI staining in breast metastases would support this. A breast tumour
tissue array with corresponding data on patient outcomes would also confirm whether

loss of HP1a or HP1f could be useful as a prognostic marker.

Overall, the results presented in this study do not indicate that a decrease in HPla is
important in breast cancer progression, but instead that increased HP1a may play a role.
Although additional experiments using different HP1a knock-down cell lines or cells
over-expressing HP1a would be required to confirm these results, our studies indicate
that decreased HPla inhibits anchorage independence and does not alter invasive

potential.

The findings of this study also indicate that loss of HP1p is an important step in breast
cancer progression, and a novel function for HP1B as a potential suppressor of
anchorage independence has been identified. As a result, breast cancer cells with
decreased HP1B may have an increased metastatic potential. Further investigation is
needed to establish if this correlation between decreased HP1P and increased metastatic
potential holds true for other breast cancer cell lines or for breast tumour samples.
Nonetheless, we have identified HP1P as a possible marker of metastasis in breast
cancer and have found an avenue of enquiry that may lead to increased understanding
of the mechanisms of metastasis in breast cancer. This has the potential to bring about
the development of new drugs and more effective treatment regimes, resulting in

improved patient outcomes.
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Appendix 1

Primers used to amplify regions of the HP1a, HP13, HP1y and B-actin cDNA

Primer target

Forward primer sequence 5' to 3'

Reverse primer sequence S' to

3'

CBX5 (HP1o)

CTCAAACAGTGCCGATGACA

AACAGTGCCGATGACATCAA
A

CBXI (HP1p)

AAAACAAGAAAGTAGAGGAG
GTGC

CAGATGTGACAGGGGCTGG

CBX3 (HP1y) | CAGCAGTGGAGAATTGATGTT | CTGGACAAGAATGCCAAGTT
A
B-actin ATGTGGCCGAGGACTTTGATT AGTGGGGTGGCTTTTAGGAT

G
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Appendix 2

Chromatogram obtained from sequencing the PCR product of the HP1a primers
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Chromatogram obtained from sequencing the PCR product of the HP1 primers

Apphed HP1b_Short M13.ab1 KB 12 KBlbcp
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Chromatogram obtained from sequencing the PCR product of the HP1y primers

G4E.T7.ab1 KB 12 KB.hbcp
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‘ 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250

1150 1200 1300

1350

1400 1550

1600

1700 1750

1800 1900

2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 2950
IARRRR R R R RN R R R R R R R RN RN e n R RN RRnR R RN EnnI n
‘TACCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGG
‘ 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335

3050

3100 3150 3200 3250 3300 3350 3400 3450

1520

3500 3550 3600 3650 3700 3750 3800 3850 3900 3950

Inst Model/Name:3730/Albany-1519-011

Sequence Scanner v1.0

Applied
Big?ystems

Signal: G:461 A:451 T:520 C:456 AvgSig: 472

Pure Base QVs:
10 15
Mixed Base QVs:

G4E.T7.ab1
thale.5.g4E.T7
C#:6 W:C1 Plate Name:65677

Printed on: Jun 09,2012 14:14:42 NZST

Electropherogram Data Page 1 of 5

KB 12 KB.bcp
KB_3730_POP7_BDTv3.mob
TS:37 CRLI946 QV20+:964

SRR RRRNRRRRRNnNnNnnn. FRRRnnnnnn NN RERRRRRNR:
GTGCCTAATGAGTGAGCTAACTCACATTA

365 370 376 380

[RELARIRRIRRRRRIRINR]]
CTCACTGCCCGCTTTCCAGTC

405 410 415 420

[ (RRRRRRRRR]]
GG A GCGTTGCG

AAGCATAAAGTGTAAAGCCTG
340

345 350 356 360

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4800 4850 4900 4950
Tan RRRRRERRRRRENRRRRRRRRRRRRRRRERRRRRRRRRRNRONR R RnRRRRRORRRRRRORRRRRORRRORRRRRRRN]
GGGAAACCTGTCGTGCCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTT
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5850 5900 5950
TRRRR RN R R R n e e iR n RN i nnnnnn
CCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT TATCC

510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585

6050

AR RN ARy
ACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT

590

6100 6150 6200 6250 6300 6350 6400 6450 6500 6550 6600 6650

6700 6750
sinll.

6800 6850 6900 6950
(RRRNNART RN RIARNTRY!

595 600 605 610 615 620 625 630 635 640 645 650 655 660 665 670

7050
Inst Model/Name:3730/Albany-1519-011

7100

7150 7200 7250 7300 7350 7400 7450

1520

10 15

7500 7550 7600 7650 7700 7750 7800 7850 7900 7950

Pure Base QVs Printed on: Jun 09,2012 14:14:42 NZST

Sequence Scanner v1.0 Mixed Base QVs: Electropherogram Data Page 2 of 5
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ApplIEd G4ET7.ab1 KB 12 KBbep
Blosystems thale 5.g4E.T7 KB_3730_POP7_BDTv3.mob
Signal: G:461 A:451 T:520 C:456 AvgSig: 472 C#6 W:C1 Plate Name:65677 TS:37 CRLI946 QV20+:964

1.1 BowamnalnwnBnl BN RunnaalannnnanalB0annnnanlBnannnnaal Baloaullanllnnnanlaas
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT

675 680 685 690 695 700 705 710 715 720 725 730 735 740 745 750

2000—

1000 —

8050 8100 8150 8200 8250 8300 8350 8400 8450 8500 8550 8600 8650 8700 8750 8800 8850 8900 8950
ialun.s g oalnnlnanlonnee Blannalaanasl alafalanalBannlnnis

ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCG
760 765 770 775 780 785 790 795 800 805 810 815 820 825 830 835

2000—

1000 —

00 00000000

9050 9100 9150 9200 9250 9300 9350 9400 9450 9500 9550 9600 9650 9700 9750 9800 9850 9900 9950

penla snloens 001 Salnnnlnlananannans Elass. _Samsmsnnnl A T NTITI TR I
CCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA GGTCGTTCGCTCCAA

840 845 850 855 860 865 870 875 880 885 890 895 900 905 910 915 920

10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10950

] Insnn . nunnnn-RuulllN Bosas Dlouuw.ummn. o omununon o cnn-nnn - nannm-ul._. 00 _u»
GC TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCC GGTAACTATCGTCTTGAGTCCAACCC GG
925 930 935 940 945 950 955 9260 965 970 975 980 985 9290 995

11050 11100 11150 11200 11250 11300 11350 11400 11450 11500 11550 11600 11650 11700 11750 11800 11850 11900 11950

Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: -‘m_ Printed on: Jun 09,2012 14:14:42 NZST

Sequence Scanner v1.0 Mixed Base QVs: _ Electropherogram Data Page 3 of 5

Apphed G4ET7.ab1 KB 12 KBbep

Blosystems thale 5.g4E.T7 KB_3730_POP7_BDTv3.mob
Signal: G:461 A:451 T:520 C:456 AvgSig: 472 C#6 W:C1 Plate Name:65677 TS:37 CRL:946 QV20+:964
n .. =000 s Doa sl _saulnlla_ I _ies. B.0an B cueeul a Ba. -0 _unus
T AAGACACGACTT ATCG CCACTGG CAGCAGCCIHCTGG T AACA GGATT AGCA G AG CGGAGG TAT GTA Goc G BGCTA
1005 1010 1015 1020 1025 1030 1035 1040 1045 1080 1085 1060 1065 1070
2000—|
1000

/ 7 X
DY & ‘
SOSAANEN
12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12650 12700 12750 12800 12850 12900 12950

I e A e _ e G - i BEEOW W i WYET SN
CAGGAG TTCTH GAAG TGG TGG CCT A C TAC G C TAAACTAG AAG AACA GT ATTT GG TATCcTG BEcTlc 76 ¢
1080 1085 1090 1095 1100 1105 1110 1115 1120 1125 1130 1135 1140

13050 13100 13150 13200 13250 13300 13350 13400 3450 13500 13550 13600 13650 13700 13750 13800 13850 13900 13950
- S e S e 52 LERC . = S L S HARERT Ll sabdEs. W s - s G iS
TG A Gccc G TT ACC TT C GG AAAAAG G T GG TAG CTC TGG ATT C G C A C AA CTA C
1150 1155 1160 1165 1170 1175 1180 1185 1190 1195
2000—

14050 14100 14150 14200 14250 14300 14350 14400 14450 14500 14550 14600 14650 14700 14750 14800 14850 14900 14950

Loy = & & —_— - e 0 B . s B0 S8 o oo 8 - -
ce ¢ T G TAGcGe c B A ct BT T TAGC T 66 ¢ A G cllée ¢c cG A C 7.0 ¢c¢
1200 1205 1210 1215 1220 1225 1230 1235

15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15800 15850 15900 15950

1520

Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: _ Printed on: Jun 09,2012 14:14:42 NZST
Sequence Scanner v1.0 Mixed Base QVs: m— Electropherogram Data Page 4 of 5
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Applied
Big?ystems

Signal: G:461 A:451 T:520 C:456 AvgSig: 472

G4E.T7.ab1
thale.5.g4E.T7
C#:6 W:C1 Plate Name:65677

KB 1.2 KBbep
KB_3730_POP7_BDTv3.mob
TS:37 CRL:946 QV20+:964

M owe = . =3 = &= -
f e cc 6 § A CAA
‘ 1240 1245

16050 16100 16150 16200 16250

Inst Model/Name:3730/Albany-1519-011

Sequence Scanner v1.0

1520

10 16
Mixed Base QVs:

138

Printed on: Jun 09,2012 14:14:42 NZST

Electropherogram Data Page 5 of 5



Chromatogram obtained from sequencing the PCR product of the B-actin primers

lied ActinM13.ab 1 KB 12 KBbcp
Blosystems thale 1 ActinM13 KB_3730_POP7_BDTv3.mob
Signal: G:647 A495 T:657 C:545 AvgSig: 586 C#:12 W:ES Plate Name:00040811 TS:36 CRL:B43 QV20+:889

LI sl wmwe Bolold 0w Bl ww nlacBBRNRRRRERRRRI [RRINR ]
ATGCATGCTCGAGCGGCCGCCAGTGTGAT GGATAT CT GCAGAATTCGCCCTTAGT GGGGTGGCTTTTAGGA

15 20 25 30 35 40 45 50 55 60 65 70 75 80

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
AR wRR RN D wa R Rmn R mnnaa BRNRRN R RN RRR RN R RRRR R RRRRRERnRN] fnannnennningnEnninini
‘T GGCAAGGGACTTCCTGTAACAACGCATCTCATATTT GGAAT GACTATTAAAAAAACAACAATGTGCAAT CAAAGTCCTCGGCCAC
‘ 85 90 95 100 105 110 15 120 125 130 135 140 145 150 155 160 165

1300 1350 1400 1450 1550 1600 1650 1700 1750 1800 1850 1900 1950

| Innndeninnnniiinnnl pnlnloRnnnndniin i iinninnnunnnnInnl
‘ATAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCAT GGTCATAGC
‘ 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245

2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 2950

AR RN RN R RN RN RN RN RN R RN ITnnnneinnnnnninninnniinnnn 11
‘TGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCT

‘ 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330

3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550 3600 3650 3700 3750 3800 3850 3900 3950

Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: _ Printed on: Jun 09,2012 14:22:17 NZST
Sequence Scanner v1.0 Mixed Base QVs: _ Electropherogram Data Page 1 of 4

lied ActinM13.ab 1 KB12 KBhbep

Biosystems thale.1 ActinM13 KB_3730_POP7_BDTv3.mob

Signal: G:647 A:495 T:657 C:545 AvgSig: 586 C#:12 W:E3 Plate Name:00040811 TS:36 CRL:843 QV20+:889
e E iRl Bnnnnlanlill s RRRRRRRRDONNRRNDENN [ ERRNIARRRERRRRRIND] 1
‘AATGAGT GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAA

‘ 340 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4800 4850 4900 4950
( NRINRRIRRIRN AR IR delaaanlnnll BRRRRRRR RN RnRn RN nniianiinnniiln
TGAAT CGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
‘ 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495

5050 5100 5150 5200 5250 5300 5350 5400 5450 5600 5650 5700 5750 5800 5850 5900 5950
Bunn BB Bnd0i0ulnnlnnlnullananlnnalnnniill pan RRRRnRRRn R RRRRa RN RuniilORu.0lnnsl
CGTTCGGCTGCGGCGAGCGGTATCAGCT CACTCAAAGGCGGTAATACGGT TATCCACAGAATCAGGGGATAACGCAGGAAAGA

505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580

6050 6100 6150 6200 6250 6300 6350 6400 6450 6500 6550 6600 6650 6700 6750 6800 6850 6900 6950

BunBannBl0alannalOnanal suainnnnnl 1 naunl TR EETIARR R Y
ACAT GT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGT TGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGA

585 590 595 600 605 610 615 620 625 630 635 640 645 650 655 660 665

7050 7100 7150 7200 7250 7300 7350 7400 7450 7500 7550 7600 7650 7700 7750 7800 7850 7900 7950

1520

Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: _ Printed on: Jun 09,2012 14:22:17 NZST
Sequence Scanner v1.0 Mixed Base QVs: WE_ Electropherogram Data Page 2 of 4
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p||ed ActinM13.ab1 KB12 KBbep
Blosystems thale.1 ActinM13 KB_3730_POP7_BDTv3.mob

Signal: G:647 A:495 T:657 C:545 AvgSig: 586 C#:12 W:E3 Plate Name:00040811 TS:36 CRL:843 QV20+:889

o - BomalBaonnloua B o 0a Bl laalalon 0 Bune wolounnnfuncl o s0annlOunnnanas Sessnmnla. _B0alas
‘CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC

‘ 670 675 680 685 690 695 700 705 710 715 720 725 730 736 740 745 750

8050 8100 8150 8200 8250 8300 8350 8400 8450 8500 8550 8600 8650 8700 8750 8800 8850 8900 8950

(AN s e sanBoalal csss.smen semmes B0 .0 sasuBane - u0 BannaBOnne Bnlauen o cmmmmEE .
‘CCTCGTGC GCTCTCCTGT TCCGACCCTGCCGCTTACCGGATACCT GTCCGCCTTTCTCCCTTCGGGAAGE GTG GC GCT TTCT CATAGC
‘ 760 765 770 775 780 785 790 795 800 805 810 815 820 825 830 835 840

9050 9100 9150 9200 9250 9300 9350 9400 9500 9550 9600 9650 9700 9750 9800 9850 9900 9950
sgnEnnlan _ uwn = mm [T -nl_ sinlon un Bunns EmoE_ oEEE_
TCACGC TGTA C-'TATCTCAGTTCGGT GTA GCGT CG.TCGCTCC.AGCTGGCC TGTGTGCACGAACCC.CICTTCAGCI GACCRcTGCH C

‘845 850 855 860 865 870 875 880 885 890 895 900 905 910 915 920 925 930

10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10950
n.nl

- - B_.Enm _m s - L .
‘.TTAT c G GTAMcTATC GHic THG A CAACCCG lAAlACACG ICT TA Tc GCCI.TGG CAGC Al ccacTce T lAc .GGA T A CCA l A6 c
‘ 935 940 945 950 955 960 965 970 975 980 985 990 995 1000 1005 1010 1015
2000
1500
1000
500
Vo
11050 11100 11150 11200 11250 11300 11350 11400 11450 11500 11550 11600 11650 11700 11750 11800 11850 11900 11950
Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: i_ Printed on: Jun 09,2012 14:22:17 NZST
Sequence Scanner v1.0 Mixed Base Qs mwg— Electropherogram Data Page 3 of 4
||ed ActinM13.ab1 KB 1.2 KBbep
BlOSystemS thale.1 ActinM13 KB_3730_POP7_BDTv3.mob
Signal: G:647 A1495 T:657 C:545 AvgSig: 586 C#:12 W:E3 Plate Name:00040811 TS:36 CRL:843 QV20+:889
" 11 _1. _n__u= | ] | i_1 N _Hlas.n
GIGGlGC.AC.GAITTC IGAG.GG.IG. TACTACGG clc BT AlAIAIAG-.GG ICllTCTCTGC.
1030 1035 1040 1045 1050 1055 1060 1065 1070 1075 1080 1085 1090 1095

12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12650 12700 12750 12800 12850 12900 12950

L o 1 cues DD _wul_awnw_a_n__&» e L T
‘l ABBCAGHETAR T TCGGAAMATANTTIGGE ARGERETH ccGGHEAMTAAMCACHB CTT
‘ 1105 1110 1115 1120 1125 1130 1135 1140 1145 1150

13050 13100 13150 13200 13250 13300 13350 13400 13450 13500 13550 13600 13650 13700

1520

Inst Model/Name:3730/Albany-1519-011 Pure Base QVs: _ Printed on: Jun 09,2012 14:22:17 NZST
Sequence Scanner v1.0 Mixed Base QVs: W_ Electropherogram Data Page 4 of 4
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