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Abstract

Lysophosphatidic acid acyltransferase beta (LPAAT-P) is an.enzyme that has been of
growing interest in tumour research in the last few years. LPAAT-B is differentially
expressed in normal cells and is highly expressed in a wide variety of tumour cells.
LPAAT converts intracellular lysophosphatidic acid (LPA) to phosphatidic acid (PA).
Apart from its counterpart LPA that is known as a stimulator of cell proliferation,
migration and survival and whose role in tumorigenesis has been extensively examined,
PA has emerged as another phospholipid important in cancer biology because its
involvement in activation of a variety of signal transduction pathways.

Therefore, the aims of the present study was to examine inhibition of LPAAT-B in acute
myeloid leukaemia cell lines(ATRA sensitive and resistant cell lines NB4, HL60 and
NB4:R2 and HL60R respectively) by specific LPAAT-f inhibitors to determine the their
effect on cell proliferation, gene expression cell cycle progression and apoptosis in-vitro.
This was achieved using a wide range of cellular and molecular techniques.

In this study, we found LPAAT-B inhibitor CT-32228, and its analogue PC020702
induced potent cytotoxicity in AML cell lines. Further our data indicates that PC020702
significantly inhibited LPAAT-B enzyme activity after 24 h of incubation, but had little
toxicity after 1 hour. When differential gene expression was assessed by oligonucleotide
array, gene ontology data indicated significant changes in expression of genes associated
with the cell membrane and G-protein coupled receptors (GPCR). PC020702 was also
shown to arrest cell cycle progression at G2/M phase and triggered apoptosis in AML
cells via caspase-3 and annexin V. We focused on the potential therapeutic applications
of inhibiting the production of PA, a lipid cofactor for the activation of raf and thus the
Ras/Raf/MAPK pathway, for mnTOR (mammalian target of rapamycin), a critical effecter
molecule downstream in the phosphatidylinositol-3-kinase (PI3K) pathway. Importantly,
PC020702 neither inhibited mTOR nor Erk1/2 phosphorylation. However, PC020702
inhibited Akt phosphorylation a molecule which is not known as a target for PA.

The pharmacological action of LPAAT-B inhibitors, oligonucleotide array data and
western blot analysis, have demonstrated that inhibition of PC020702 and CT32228
affects AML cell lines, the mechanism via which the inhibitor acts is still unclear. We
speculate that the effects are mediated via LPA signal transduction pathways and not PA
pathways, since known pathways associated with PA appear to be unperturbed by the
presence of the inhibitors. However it is possible the production of PA by the targeted
pathway may be compensated via the activity of other lipid associated enzymes
(PLD,DAGK). The data presented indicates that inhibition of LPAAT-B activity in AML
cells induces apoptosis and cell cycle arrest and is cytotoxic, and therefore may have
potential as a therapeutic agent in AML and warrants further investigation. It will be
important to overcome technical difficulties associated with availability of sample and
determine the activity of this enzyme in clinical AML samples, the mechanism of action
and pathways affected by these inhibitors as well as toxicity in normal blood and bone
marrow samples.
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CHAPTER 1

Introduction



1.1 Haematopoiesis

1.1.1 Normal Haematopoiesis
Haematopoiesis is a very sophisticated process involving many factors, including

hormones, hormone receptors, signal transducers, transcription factors and cell cycle
regulators. These factors are finely tuned by endogenous and exogenous signals during
haematopoietic development. The haematopoietic system continuously maintains a cell
population through a complex network of tissues, organs, stem cells, and controlling
factors. This network is responsible for the maturation and division of undifferentiated
cells into the operational cell lineages that perform immune function, transport oxygen and
carbon dioxide, and maintain haemostasis, for example all cells derive from a pool of
multipotential self renewing haemopoietic stem cells found in the bone marrow. Under the
influence of factors such as colony stimulating factors (CSF) and interleukins (ILs), stem
cells divide and differentiate to form the mature cellular elements of the blood. The
haematopoietic system consists of the bone marrow, liver, spleen, lymph nodes, and
thymus. All these tissues and organs are involved in the production, maturation, and
destruction of blood cells. The entire process of haematopoiesis involves an intricate
structure of tissues, organs, cellular elements, and factors which result in the maintenance
and function of blood cells (Orkin 1995) (Figure 1.1).

1.1.2 Stem cell and progenitor cells:
A common primitive stem cell in the marrow has the capacity to self replicate and

differentiates to increasingly specialized progenitor cells which, after many cell divisions
within the marrow, form mature cells (red cells, granulocytes, monocytes, platelets and
lymphocytes) of the peripheral blood.

An early lineage division is between progenitors for lymphoid and myeloid cells. The
earliest recognizable granulocyte or monocyte precursor is a myeloblast.

Stem and progenitor cells cannot be recognized morphologically; they resemble
lymphocytes. Progenitor cells can be detected by special in vitro assays in which they form
colonies (e.g. colony forming units for granulocytes and monocytes, CFU-GM, or for red

cells, burst forming units-erythroid, BFU-E and CFU-E). Stem and progenitor cells also
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1. 2 Leukaemia

1.2.17 Leukaemia:

Leukaemia is a malignant disease of haematopoietic tissue, characterized by replacement of
normal bone marrow elements with abnormal (neoplastic) blood cells. These leukaemic
cells are frequently (but not always) present in the peripheral blood and commonly invade
reticuloendothelial tissue including the spleen, liver, and lymph nodes. They may also
invade other tissues, infiltrating any organ of the body. If left untreated, leukaemia
eventually causes death. The ability of a cell to proliferate is related to its ability to
differentiate, as each phenotype is determined by activation of separate programmers of
gene expression. Disruption of the normal balance between proliferative and
differentiative genetic programme is a characteristic of leukaemia and other neoplasia. In
leukaemia, many of the features of normal haem.atopoiesis are retained. The disease can
begin as a transformation of early haematopoietic progenitor stem cells to yield malignant
populations which are clonal in each affected individual. A leukaemic stem cell gives rise
to a single abnormal clone that eventually dominates the blood forming tissue. Some cells
following normal patterns of maturation can usually be found in association with the acute
myeloid leukaemia clones, but the dominant and defining feature is the presence of blast
cells (McCulloch 1993).

1.2.2 Acute myeloid leukaemia (AML):
AML arises out of the malignant transformation of a myeloid precursor cell. Usually this

occurs at a very early stage of myeloid development, although acute promyelocytic
leukaemia (APL), a subtype of AML, involves proliferation of a more mature cell. AML is
rare in childhood and the incidence increases with age. Cases may occur de novo or
secondary to well-defined predisposing factors such as chemotherapy or a myelodysplastic
syndrome- such cases are referred to as secondary AML.

The classification of AML is based upon the appearance of the leukaemic cells in a bone
marrow aspirate. The French-American-British (FAB) group had described eight different
variants of AML (Table 1.1). An experienced haematologist can often identify the subtype
on microscopy, but certain types (e.g. AML MO) routinely require other test to establish a

firm diagnosis (cytochemical, immunological, and cytogentic criteria). In 2001 the World



Health organization (WHO) classification for tumours of haematopoietic and lymphoid
tissues was proposed. In an attempt to define biologic homogenous entities that have
clinical relevance, morphologic, immunophenotypic, genetic, and clinical features were
incorporated into the classification of AML The WHO classification of AML encompasses
4 major categories: (1) AML with recurring genetic abnormalities, (2) AML with
multilineage dysplasia, (3) AML, therapy related, and (4) AML not otherwise categorized
(Harris et al. 1999).

Type Characteristics

MO | Undifferentiated, myeloid immunophenotype

Little differentiation, >90% blast

Myeloblastic with differentiation, 30-90% blasts

Promyelocytic: intensely granular, variant form is microgranular.

2| 8| 8| B

Myelomonocytic: both monocytic and myeloid differentiation.

MS5a | Monocytic with differentiation

MS5b | Monocytic, without differentiation

Mé6 Erythroleukaemia: dysplastic erythroblasts with multinucleation,

cytoplasmic budding, vacuolation, and megaloblastiod changes.

M7 | Megakaryoblastic: wide range of morphology, cytoplasmic projections
sometimes present; electron microscopy or immunocytochemical stains

necessary for diagnosis.

Table 1.1. FAB classification of Acute Myeloblastic Leukaemia (Hoffbrand, et al. 2001).



1.2.3 Acute promyelocytic leukaemia (APL)
Acute promyelocytic leukemia (APL) is always associated with chromosomal

translocations involving the retinoic acid receptor alpha (RAR«) locus on chromosome 17
and one of five different partner genes. Each of these is associated with APL characterized
by a block in differentiation at the promyelocyte stage of hematopoietic development. The
most extensively studied, and the most common fusion gene in APL, is PML-RARa
associated with t(15;17). PML-RARa is a dominant negative form of RAR that inhibits
rather than stimulates expression of retinoic acid target genes due to recruitment of the co-
repressor complex. Expression of PML-RARa is associated with inhibition of
differentiation and increased cell self-renewal. All-trans-retinoic acid (ATRA), a ligand for
RARa, is effective therapy for APL, especially when given in combination with
conventional induction chemotherapy. The efficacy of ATRA in treatment of APL is
related to the ability of ATRA to bind to the fusion protein, with resultant dissociation of
the co-repressor complexes, engagement of co-activation complexes by the chimerical
receptor and subsequent degradation of the fusion protein (Tallman et al. 2002).
Promyelocytes are then able to undergo a normal hematopoietic differentiation program
that ultimately results in apoptotic cell death. The ability of ATRA to reverse
transcriptional repression by PML-RARa by release of co-repressors suggested that
inhibitors of histone deacetylase, a key component of the co-repressor complexes, might
have therapeutic efficacy not only in APL but in other leukemias characterized by aberrant
recruitment of the nuclear co-repressor complex, such as RUNX1-ETO and CBFB-MYH11
(Pandolfi 2001). '

1.2.4 Developmental Therapeutics in AML
The development of resistance, as well as the presence of de novo resistant subtype of APL

and AML, has forced the need to develop alternative mean of therapy for this leukaemia.
The redundancy and complexity of the biological mechanisms of retinoic acid resistance
made most approaches to overcome this resistance solely by ATRA unsuccessful.
Therefore, the use of more than one therapeutic agent may be more effective for the

treatment of patients with retinoic acid resistant APL and other AML.



1.2.4.1 Arsenic Trioxide (As,05)
Arsenic has also been proven effective in the treatment of APL, probably through a

mechanism separate from that of RA. A majority of patients with relapsed ATRA-resistant
and chemotherapy-resistant APL had complete remission following arsenic treatment (Shen
et al. 1997;Soignet et al. 1998). This response was associated with apoptosis rather than
differentiation of leukaemic cells. In vitro, PML-RARa relocalizes PML from nuclear
bodies (NBs) into microspeckles, an effect which is reversed by arsenic. Arsenic treatment
of cells in culture results in enhanced conjugation of PML to SUMO1 and PML and PML-
RARa recruitment to nuclear bodies, which is followed by degradation of both of these
proteins (Zhu et al. 1997). Thus, arsenic seems to specifically target the PML portion of the
fusion protein, whereas RA results in differentiation of APL cells, degradation of PML—-
RARa by arsenic causes apoptosis (Shao et al. 1998). These differences may be the result
of transcriptional activation by RA, in contrast to the effect of arsenic on NB proteins.
However, research with PML null cells does not support the conclusion that arsenic solely
targets PML and PML-RARGa for its effects. As;O3 and an organic arsenical also suppress
growth in PML null cells and APL cells which no longer express PML-RARa (Wang et al.
1998). Thus, the effects of arsenic on APL cells may be mediated by multiple pathways.
Warrell et al. report clinical remission of APL following addition of the histone deacetylase
inhibitor sodium phenylbutyrate to the ATRA treatment regimen in a single patient with
ATRA-resistant APL, suggesting that inhibition of histone deacetylases may restore
sensitivity to ATRA (Warrell, et al. 1998).

1.2.4.2 Cytokine
The effects of various cytokines on AML cell proliferation and viability have been

extensively studied. Relatively few studies have examined effects of single cytokines,
cytokine combinations, or cytokines plus vitamin-D; on differentiation of native AML
blasts. AML blasts can be induced to differentiate in several myeloid directions, and the
same differentiation response can often be induced by different cytokines. A certain
cytokine or cytokine combination usually induces differentiation only for a subset of
patients, and the direction of differentiation often varies between patients (Buhring et al.
1993;Gore et al. 1995;Howell et al. 1990).



1.2.4.3 Cytotoxic drugs
Anticancer agents (e.g., cytarabine, daunorubicin, 6-thioguanine) can induce differentiation

in AML cell lines and in native AML blasts, and combinations of cytosine arabinoside or 6-
thioguahine plus retinoic acid plus either hexamethylene or dimethylformamide seem to
induce AML blast differentiation even for a majority of patients. This effect is observed at
lower concentrations than are required for drug-mediated killing, and it probably involves
drug-induced alterations in the cytokine responsiveness of AML cells (Bloch 1993;Hassan
& Rees 1989;Tawhid & Rees 1990).

1.2.4.4 Histone Acetylation

Acetylation and deacetylation of histones are regarded as important for transcription
activation and repression, respectively. Histone deacetylase inhibitors can induce
differentiation in native AML blasts for a subset of patients, and they also cause a
synergistic enhancement of ATRA-induced differentiation (Kosugi et al. 1999). These
effects show no correlation with previous signs of differentiation (i.e., FAB classification).
Butyrates are another group of drugs that seem to induce gene expression via histone
hyperacetylation, and monosaccharide butyrate derivatives can also induce differentiation

in native AML blasts for a subset of patients (Santini et al. 1998).

1.2.4.5 Drug-Induced Apoptosis in AML
In vitro studies have demonstrated that apoptosis can be induced in AML blasts by several

cytotoxic drugs, including cytarabine (Balkham et al. 1999;Ibrado et al. 1996;Zhu et al.
1995), daunorubicin (Hu, et al. 1996), etoposide (Droin et al. 1998), and idarubicin (Ketley
et al. 1997). Furthermore, clinical studies indicate that the expression of apoptosis-
regulating molecules (bcl-2, Mcl-1, caspases) is important for the risk of relapse after
chemotherapy (Estrov et al. 1998;Kaufmann et al. 1998). Taken together these data suggest
that the susceptibility of AML blasts to drug-induced apoptosis is important for the outcome
after intensive chemotherapy in AML.



1.3 Lysophosphatidic acid acyltransferase- 8 (LPAAT-

1.3.1 LPAAT-B in Phospholipid biosynthesis
Lysophosphatidic acid acyltransferase (LPAAT), also known as 1-acyl-sn-glycerol-3-

phosphate acyltransferase, is the enzyme that converts lysophosphatidic acid (LPA) into
phosphatidic acid (PA) in lipid metabolism. LPAAT activity was first described in the early
1960s, but the biochemical properties were not well defined due to the inability to solublise
and purify the enzymes (Kanfer & Kennedy 1963). Recent cloning of the different LPAAT
isoforms has allowed for the expression of these enzymes in insect SF9 cells, with activities
250 times above background levels (West et al. 1997). Although solubilization and
purification of active enzyme have not been possible, SF9 membrane preparations have
allowed each isoform to be studied separately without interference from other
acyltransferase activities.

In the endoplasmic reticulum (ER) membrane, LPA is formed from glycerol 3-phosphate
through the action of glycerol-3-phosphate acyltransferase. LPA is then further acylated in
the ER by LPAAT to yield PA, the precursor of all glycerolipids. The newly synthesized
PA is a precursor for biosynthesis of major constituents of biological membranes that
include Phosphatidylcholine (PC), Phosphatidylethanolamine (PE), and Phosphatidylserine
(PS) through Diacylglycerol (DAG) as an intermediate, or for synthesis of anionic
phospholipids including Phosphatidylinositol (PI) and cardiolipin (CL) through CDP-DAG
as intermediate. Smaller quantities of PA can also be generated from PC by the action of
PLD (Phospholipase D) and diacylglycrol (DAG) from DAG-kinase (DAGK) (Dowhan
1997).

PA has been shown recently to have targets implicated in neoplastic transformation and
growth factor signal transduction pathways. These targets include phospholipase Cy, Ras-
Gap, Raf-1 and a protein tyrosine phosphatase (Figure 1.2).
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Figure 1.2. Phospholipid biosynthesis pathways. Lysophosphatidic acid (LPA) is
acylated in the endoplasmic reticulum by LPAAT to yield phosphatidic acid (PA) (large
green arrow), PA is also produced by other two enzymes such as phospholipase D (PLD)
and diacylglycerol kinase (DAGK). Abbreviation: Phosphatidylcholine (PC),
Phosphatidylethanolamine (PE), Phosphatidylserine (PS), Diacylglycerol (DAG)
Phosphatidylinositol (PI), cardiolipin (CL)
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1.3.2 LPAAT-8 Molecular biology

1.3.2.1 Cloning and sequence analysis of human LPAAT cDNA
Human cDNAs coding for LPAAT were identified from GenBank database of expressed

sequence tags (dbEST) based on the sequence homology (Altschul et al. 1997), with yeast
(Nagiec et al. 1993) or certain plant (Knutzon et al. 1995) LPAAT protein sequences.
Sequence comparison of these cDNA clone suggests the presence of at least two types of
potential human LPAAT isoforms, designated here as LPAAT-a and LPAAT-B. The full
length cDNAs for LPAAT-a and LPAAT-B encode a 283 and 278 amino acid polypeptide,
respectively (West, et al. 1997). Other human proteins that are homologous to LPAAT
have recently been designated as LPAAT-y, -3, and -€. Two cytosolic protein, endophilin I
(Schmid et al. 2003) and CtBP/BARS (Barr & Shorter 2000) (C-terminal-binding
Protein/brefeldin A-ADP-ribosylated substrate) involved in, respectively synaptic and golgi
membrane vesicle formation have also been found to have LPAAT activity. These two
proteins do not have any primary sequence homology with LPAAT-a and LPAAT-B.
LPAAT-a and LPAAT-f are probably responsible for the bulk of LPAAT activity in most
cells, as the catalytic activity of LPAAT-y, -8,—¢, endophilin and BARS are relatively low,
suggesting that these proteins may use other substrates yet to be identified (Barr & Shorter
2000;Leung 2001).

1.3.2.2 Conserved motifs in LPAAT sequences
Sequence alignment of the human LPAAT-a and LPAAT- coding sequences with LPAAT

coding sequences from other species shows. that the regions around the amino acid
sequences asparagine-histidine-serine-aspartic acid (Asn-His-GIn-Ser-X-X-Asp) and
proline-glutamic acid-glycine-threonine-arginine (Pro-Glu-Gly-Thr-Arg) corresponding to
amino acid 97-103 and 171-175 of LPAAT-P are the most conserved among all LPAAT
species. These two short stretches of amino acid may represent a consensus sequence
important for catalytic activity (Heath & Rock 1998;Lewin, et al. 1999). The residues in
Pro-Glu-Gly-Thr-Arg may be partly involved in binding the substrate LPA (Lewin, et al.
1999).
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1.3.2.3 Chromosomal localization of LPAAT-B
The location of the human LPAAT-f gene was mapped to band 9q34.3 near the q terminus

of chromosome 9 (Eberhardt, et al. 1997), where as the human LPAAT-o gene was mapped
to the chromosome band 6p21.3, at site of the human major histocompatibility complex
(Aguado & Campbell 1998). A comparison of the sequences of LPAAT-o and LPAAT-B at

exon/intron boundaries showed them to have similar coding exon sizes and hence similar

genomic organization. Besides LPAAT-a and LPAAT-, the chromosomal band 6p21.3

(MHC class III region) and 9934 contain other gene family members that are present in
both areas such as NOTCH-4, PBX-2, and TN-X in 6p21.3 and NOTCH-1, PBX-3, and

TN-C in 9q34 suggesting these two regions may have arisen due to duplication of a

primary common sequence (Aguado & Campbell 1998). The major biochemical and
genetic properties of human LPAAT-a and LPAAT-B summarized in table 1.2. (Table 1.2).

LPAAT-a

LPAAT-p

Chromosomal location

6p21.3

9q34.3

Tissue distribution

Uniformly expressed in all

tissues

Differentially expressed in

selective tissue

Tumour vs. matched

Evenly expressed in both

Overexpressed in selective

normal tissues tissues tumour tissues

Protein type Integral membrane protein

Membrane topology Catalytic domains on the cytoplasmic side of
endoplasmic reticulum

Molecular weight 31.7 kDa 30.9 kDa

Isoelectric point 9.66 8.80

Acyle donor Acyl CoA Acyl CoA

Acyl acceptor 1-acyl or 1-alkyl sn-glycerol-3-phosphate

Size of mRNA 23kb 1.7kb

Table 1.2 The biochemical and genetic properties of human LPAAT-a and LPAAT-B
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1.3.2.4 Membrane location of LPAAT
The proteins encoded by LPAAT-a and LPAAT-B have similar hydrophobicity profile.

Four transmembrane stretches are predicted based on sequence comparison using the dense
alignmént surface method, suggesting that human LPAATS are integral membrane proteins.
LPAAT-a fusion protein containing a short epitope-tagged at a carboxyl-terminus has been
expressed in CHO cells (Aguado & Campbell 1998;Cserzo et al. 1997).
Immunohistochemical analysis of the permeabilised cells expressing an epitope-tagged
LPAAT-a showed LPAAT was expressed predominantly in the endoplasmic reticulum
(ER). This model is consistent with the finding that the synthesis of glycerolipid
intermediates occurs on the cytoplasmic side of the ER (Ballas & Bell 1980;Ballas & Bell
1981). LPAAT-a although its activity has been observed in mitochondria (Chakraborty et
al. 1999). The tissue distribution and differential levels of expression of LPAAT-B
compared to LPAAT-a suggest that LPAAT-B may play specialized roles distinct from
LPAAT-a.

1.3.3 LPAAT-B and cytokines signalling responses
As a key enzyme involved in the second step of glycerophospholipid biosynthesis

(Coleman 1992), LPAAT activity in cells can lead to the generation of PA. PA has been
implicated in cytokine induced inflammatory responses and the modulation of numerous
protein kinase involved in signal transduction (English, et al. 1996;Ghosh et al.
1996;Ghosh & Bell 1997;Honda et al. 1999). LPAAT-o and LPAAT-P overexpression in
number of cytokine responsive cell lines, has led to increased synthesis of interleukin-6
(IL-6) and tumour necrosis factor-o. (TNF-a) upon stimulation for 16 hours with IL-1p.
However, there is little effect on the basal level of cytokine release in these cell lines,
suggesting that overexpression of LPAAT amplifies the cytokine signalling response but
not steady state basal signals.

In addition Northern analysis of TNF and IL-6 mRNA levels was performed in ECV304
(bladder carcinoma) cells transfected with either LPAAT expression vectors or control
vector at various times after IL-1-p stimulation. As compared to vector control cells, which
show some induction of both TNF and IL-6 mRNA after IL-1-f stimulation, cells
transfected with LPAAT-a expression vector showed an additional 8 to 12 fold increase in
TNF mRNA level and a 4 to 6 fold increase in IL-6 mRNA level within the first few hours

13



after IL-1§ induction, with little variation in the mRNA level of a housekeeping gene
(West, et al. 1997).

1.3.4 Tissue distribution of LPAAT-§
An association of LPAAT-B function with a disease phenotype was first identified by

northern blot analysis of its expression pattern in mRNA from human tissues. This analysis
showed an increase in expression of the LPAAT-P isoform in tumours of the uterus,
fallopian tube and ovary compared to normal adjacent tissue, whilst the expression of the
LPAAT-a isoform of this gene showed no significant differences in expression level
(Leung 2001).

Immunostaining was carried out on number of multiple samples of 30 different types of
normal human tissues and 13 tumour types by an LPAAT-B-specific monoclonal antibody
raised to an epitope expressed by LPAAT-B but not LPAAT-a (Hsu, et al. 1981). This
analysis showed a limited and select expression of LPAAT-B in normal tissues, which
suggests a regulated and tissue-specific (as opposed to housekeeping) function. Expression
in normal tissues was primarily limited to tissues responsive to estrogens (uterine glands,
ovarian follicles, breast glands), endothelial and inflammatory cells. In contrast, LPAAT-f
was expressed at very high levels in a significant proportion of epithelial tumours of the
lung, colon, brain, cervix, mammary, ovary and prostate compared to normal tissues
- section of the same type (Bonham et al. 2003).

1.3.5 LPAAT-B and oncogenic mutation
A previous study indicates increased activity of LPAAT-B is associated with ras

transformation, a report has examined endogenous activity of LPAAT-$ in a genetically-
defined immortalized rodent cell line. A Rat-1 fibroblast model of homologous
recombination was used, which includes three related populations: an untransformed line, a
clone cohtaining a single copy of a Ha-ras oncogene that shows some evidence of low level
transformation, and clone overexpressing that gene that is fully transformed and
tumorigenic in nude mice (Finney & Bishop 1993). They also found that LPAAT level
were 2-fold higher in the fully transformed cells and 1.2-fold higher in the partially
transformed clone compared to the normal Rat-1, suggesting an association of increasing

LPAAT levels with a continuum of transformation (Bonham, et al. 2003).

14



1.3.6 LPAAT-f and cell signalling

PA is implicated in numerous signal transduction pathways, including raf translocation
(Ghosh, et al. 1996;Rizzo et al. 2000), epidermal growth factor receptor (EGFR)
internalization (Shen, et al. 2001), mTOR activation (Fang et al. 2001), vesicle formation
(Jones, et al. 1999), regulation of the non-receptor tyrosine kinase fibroblast growth
receptor (FGR) (Sergeant et al. 2001), and association of PKC with membrane (Pawelczyk
& Matecki 1999). PA may affect constituents of various signalling pathways through
interaction with specific proteins or by locally altering the physical properties of membrane
bilayers in a more generalized manner.

A previous study examined whether LPAAT-B activity could provide PA for one of these
documented functions relevant to cell signalling, overexpression LPAAT-f, -a and inactive
LPAAT-B mutant were tested for enhancement of ras and raf-mediated ras/raf/Erk pathway
activation in frog oocyte germinal vessel breakdown. LPAAT-B, but not LPAAT-a or the
R-175 inactive LPAAT-B mutant, accelerated germinal vessel breakdown when co-injected
into frog oocytes with activated ras or raf. The data suggested that expression of LPAAT-p
can cooperate with and enhance the signalling activity of mutant ras or raf (Bonham, et al.
2003). A further study used RNAi technology (Elbashir et al. 2001) to knockdown
LPAAT-P expression with LPAAT-B-specific siRNA duplex in prostate cancer cells. The
knockdown of LPAAT-P inhibits Erk phosphorylation and proliferation, suggesting that
LPAAT-B played a role in the ras/raf/Erk pathway (Bonham, et al. 2003). The proposed
role of LPAAT-P and PA in cell signalling is illustrated in figure 1.3 (Figure 1.3).

15
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Figure 1.3. The proposed role of LPAAT- in cell signalling.

The step involves the acylation of LPA at the sn-2 position of LPAAT to form PA. Besides
being the precursor molecule for all glycerophospholipid biosynthesis, PA has also been
identified as a phospholipids signalling molecule. The inhibition of overexpressed LPAAT-
B enzyme activity will lead to down regulation of PA and subsequently down regulation of
conjugate molecules. These molecules, including raf and mTOR and thus ras/raf/ERK and

Akt/mTOR pathways respectively that have been the target of other drugs in development.
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1.3.7 LPAAT-B Inhibitors
Understanding the role that LPAAT may play in functions critical to tumour cell growth

and survival, a group of compounds that inhibit this enzyme has been developed. Cell
Therapeutic Inc (CTI), screened of a diverse library of small molecules for their ability to
inhibit LPAAT- in cell-free, high-throughput assay led to the discovery of a group of
isoform-selective inhibitors with ICso (inhibitory concentration 50%) values at nanomolar
concentrations. There are three groups of inhibitors developed by CTL

A group of 2,4-diamino-N* 6-diaryltriazines has been reported as isoforms of a specific
small molecule inhibitors of LPAAT- (Figure 1.4A). This group is exemplified by CT-
32228 (LPAAT-f ICs0=0.06 nM) an effective antiproliferative agent toward a variety of
tumour cell lines in vitro with ICses ranging from 0.025 to 0.5uM. These
aryldiaminotriazines did not inhibit LPAAT-a at concentrations up to at least 40 pM.
CT32228 inhibited LPAAT-B in both the cell-free assay (ICso= 60 nM) and the cellular
assay measuring PM formation.

The structural specificity for both inhibition of LPAAT-B and antiproliferative activity
within this group of compounds was clarified by comparison of activities of isomeric
compounds CT32169 and CT32212. The para-chloro isomer CT32169 was both an
effective inhibitor of LPAAT-P (cell-free ICso = 50nM) and an antiproliferative agent (ICs
on tumour cell line proliferation ranging 150-400 nM). In contrast, the ortho-chloro isomer
CT32212 was a weak LPAAT-B inhibitor (cell-free ICsp = 64 pM) and weakly
antiproliferative (ICsp > 3.7 uM). This group of compounds were used in our study.

A second group of inhibitors synthesized are diamine-C,N-diarylpyrimidine analogue. A
pyrimidine, possesses one less ring nitrogen than a triazine. The inhibitors examined for
LPAAT-B inhibition by three possible pyrimidine positional isomers and proliferation of
tumour cells in vitro. The 2,4-diamino-N* 6-diarylpyrimidines positional isoform was
found to be more potent for LPAAT-B inhibition and to be a highly effective
antiproliferative agent compared with other isomers (Figure 1.4B).

A 2-arylbenzoxazole, a third group of inhibitors and its isoforms were synthesized and
- found to be weak LPAAT-B inhibitor (ICs¢=1.7 pM). These inhibitors represent a new class
of LPAAT-B inhibitors, 2-arylbenzoxazole did not inhibit LPAAT-a up to at least 64 uM
(Gong et al. 2004a;Gong et al. 2004b).
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Kinetic analysis of CT32228 showed uncompetitive inhibition of LPA binding and mixed
noncompetitive inhibition of 18:1-CoA binding. Bonham et al (2003) reported that
LPAAT-B binds LPA binding before it can bind the inhibitor. It has been suggested that the
binding LPA to LPAAT-P induces a conformational change in the enzyme, exposing a site
on the enzyme for the inhibitors to bind. CT32228 does not inhibit the ability of PLD1 or
PLD2 to hydrolyze phosphatidylcholine. Initial biochemical studies have shown that
LPAAT-P appears to have a preference for the transfer of oleoyl acyl chains over that of
arachidonoyl acyl chains (Bonham, et al. 2003;Coon et al. 2003).

CT32228 CT32212

2,4-diamino-N4,6-diaryltriazines (A)

LS o

R2

2,4-diamino-N*,6-diarylpyrimidines (B)

Figure 1.4 LPAAT-f Inhibitors compound structure.
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1.4 Lysophosphatidic acid (LPA)
1.4.1 Introduction

Lipid molecules are insoluble in water but dissolve readily in organic solvents. They
constitute about 50% of the mass of the most animal cell membranes, nearly all of the
remainder being protein. The most abundant are the phospholipids. These ha a polar head
group and two hydrophobic hydrocarbon tails. The tails are usually fatty acids, and they
can differ in length. One tail usually has one or more cis-double bonds (unsaturated), while
other tail dose not (saturated) (Alberts 2002).

It is widely recognize that phospholipids play multiple roles in cell processes. They
primary function is to define the permeability barrier of cells and organelles by forming
phospholipid bilayers. The endoplasmic reticulum (ER) membrane produces nearly all of
the lipids required for the elaboration of new cell membrane, including both phospholipids

and cholesterol.

1.4.2 Biochemistry of LPA

Lysophosphatic acid (LPA) is common name for monoacyl-sn-glycero-3-phosphate,
signalling phospholipids with numerous biological actions. The era of LPA research began
around 1990 with the discovery that LPA is mitogenic for fibroblasts and signals via
specific G-protein-coupled receptors (GPCR) (Moolenaar & van Corven 1990;van Corven
et al. 1989). Serum is a rich source of LPA, as are other-body fluids such as saliva,
follicular fluid and malignant effusion. In serum, LPA binds tightly to albumin, and other
as-yet-unidentified proteins (15 and 28 kDa protein) (Goetzl et al. 2000;Moolenaar
1995;Moolenaar, et al. 2004;van der Bend et al. 1992). The major serum LPA band
consists of a mixture of LPA species with unsaturated and saturated fatty acid chain (Baker
et al. 2000). LPA is more water soluble than long chain phospholipids because of its free
hydroxyl and phosphate moiety (Jalink, et al. 1990).

1.4.3 LPA production and degradation
LPA can be generated in an activated cell by the hydrolysis of phospholipids preexisting in

the cellular membranes. Although serum LPA can be generated from thrombin-activated
platelets (Eichholtz et al. 1993), its production and release appears not to be restricted to
platelets (Gaits et al. 1997). Recent data indicate that LPA may also be produced locally
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within reproductive tissues. It has been suggested that LPA found within the ovary may be
produced by the ovary itself, because LPA is present both in follicular fluid and in the
ascites from ovarian cancer patients. Human follicular fluid contains an active
lysophospholipase D (LysoPLD), an enzyme that may be responsible for the local
production of LPA (Tokumura et al. 1999). In contrast, to the mechanism of LPA
production in serum and plasma, the mechanisms of LPA production in cells are still
ambiguous.

The degradation of LPA by lipid phosphate phosphatases (LPPs) and other enzymes also
play a very important role in keeping LPA in check under physiological conditions. It has
been demonstrated that the major mechanism of degradation of LPA by ovarian cancer
cells is through a lipid phosphate phosphatase (LPP)-like activity. In ovarian cancer cell
lines, LPP RNA level are lower than those in normal ovarian epithelium and immortalized
ovarian epithelial cells (Tanyi et al. 2003). Overexpression of LPP in ovarian cancer cells

decreases tumour growth and apoptosis in vitro and in vivo (Tanyi et al. 2003).

1.4.4 LPA in tumorigenesis
The first indication that LPA could contribute to tumorigenesis came from studies showing

that LPA increases motility and invasiveness of cells (Fishman et al. 2001;Imamura et al.
1993;Jalink, et al. 1990;Stam et al. 1998;Zheng, et al. 2001). Many studies reported that
autotoxin/ lysophospholipase D (ATX/LysoPLD) mediates its effects through the
production of LPA, have implicated LPA in the pathophysiology of ovarian cancer, and
several studies have indicated a role for LPA in the initiation or progression of prostate,
breast, melanoma, head and neck, bowel, thyroid and other cancers (Eder et al. 2000;Fang
et al. 2000;Fang et al. 2002;Fang et al. 2004;Furui et al. 1999;Goetzl et al. 1999;Hu et al.
2001;Schulte et al. 2001;Xu et al. 1995).

Ascites fluid is a potent mitogen for ovarian cancer cells in vitro and in vivo. A significant
portion of this activity is mediated by LPA, which is present in ascites fluid at between 1
and 80 uM, exceeding levels required to optimally activate LPA receptors. LPA is not
produced at significant levels by normal ovarian epithelial cells, whereas ovarian cancer

cells produce high levels of LPA. Prostate cancer cells also produce high levels of LPA.

20



1.4.5 The extracellular role of LPA

1.4.5.1 LPA receptors
The first extracellular action of LPA was reported by as early as the 1970s, when

Tokumura et al described the effect of LPA on blood pressure (Tokumura, et al. 1978).
However, clear evidence of LPA as an extracellular signalling molecule and molecular
dissections of its signalling pathways came in the 1980s and early 1990s (Moolenaar et al.
1992;Moolenaar & van Corven 1990).

Based on the sequences homology, the LPA receptors belong to the so-called Edg
(endothelial differentiation gene) subfamily of the GPCR superfamilly of seven-
transmembrane domain receptors. Candidate high-affinity LPA receptors were initially
detected by photo-affinity labelling experiments (van der Bend et al. 1992); several years
later the first LPA receptor gene was identified (LPA,, previously Edg-2) (Hecht et al.
1996). This opened the way to the identification of two related LPA receptors, LPA; and
LPA; (previously Edg-4 and Edg-7, respectively), and of five additional Edg family
members that encode receptors for another lipid mediator, sphingosine-1-phosphate (S1P)
(Anliker & Chun 2004).

Receptor gene targeting studies are beginning to reveal the normal physiological function
of LPA. Mice lacking LPA jreceptors show partial lethality due to defect suckling which in
turn is attributed to defect in olfaction (Contos et al. 2000); consistent with this, LPA, is
expressed in the nasal cavity (McGiffert et al. 2002)

1.4.5.2 G-protein signalling Pathways
The great variety of cellular and biological action of LPA is explained by the fact that LPA

receptors can couple to at least three distinct G proteins (Gg, Gi and Gi2/13), which in turn
feed into multiple effectors systems (Fang et al. 2000;Fang et al. 2000;Jalink et al.
1993;Kranenburg et al. 1999;Kranenburg & Moolenaar 2001;Kumagai et al. 1993;van
Corven et al. 1993;van Dijk et al. 1998). LPA activate G and thereby stimulate
phospholipase C (PLC), with subsequent phosphatidylinositol-bisphosphate hydrolysis and
generation of multiple second messenger leading to protein kinase C (PKC) activation and
changes in cytosolic calcium (van Corven et al. 1989). LPA also activates G;, which lead to
at least three distinct signalling routes: inhibition of adenyl cyclase with inhibition of cyclic

AMP accumulation; stimulation of the Ras/MAPK cascade; and activation of PI3K, leading
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to activation of the guanosine diphosphate/guanisine triphosphate (GDP/GTP) exchange
factor TIMA1 and down stream RAC/GTPase, as well as to activation of the Akt/PKB anti-
apoptotic pathway (Fang et al. 2000;Fang et al. 2000;Kranenburg & Moolenaar
2001;Takeda et al. 1999;van Corven, et al. 1989;van Corven, et al. 1993;van Leeuwen et
al. 2003). Finally, LPA activates G213, leading to activation of the small GTPase RHOA,
which drives cytoskeletal contraction and cell rounding (Kranenburg et al. 1999).

By activating G;, LPA triggers the Ras/sMAPK cascade and thereby promote cell cycle
progression and survival. LPA induced RAS activation presumably involves the ras-
specific GEF,SOS, and intermediate protein. The role of LPA on RAS activation is still a
matter of debate.

1.4.6 LPA and Intracellular signalling
A recurring theme in studies on lipid mediators is their possible signalling role inside the

cell. However evidence for such a role is scant. Well established is the role of intracellular
LPA as an intermediate in the early steps of phospholipids biosynthesis. This process
occurs in the endoplasmic reticulum, where LPA is formed from glycerol-3-phosphate by
acyl-CoA and then acylated to PA, the precursor for all glycerolipids. Since the rate of
acylation of LPA to PA is very high, there is little or no accumulation of LPA at the site of
biosynthesis.

A more interesting role for intracellular LPA as a signalling molecule has been suggested
by the finding that LPA can compete with a synthetic ligand for binding to the nuclear
transcription factor-activated receptor-y (PPARy). PPARy normally bind fatty acid
derivatives with rather low specificity to regulate gene involved in energy metabolism, cell
differentiation, apoptosis and inflammation. Extracellular LPA induces PPARy-mediated
gene ftranscription, seemingly in an LPA receptor-independent manner, since yeast
deficient in the receptor still respond (McIntyre et al. 2003). In a rat carotid artery model,
LPA-induced neointima formation is inhibited by a PPARy antagonist and only observed
with unsaturated LPA species, which is incompatible with the LPA structure activity
relationship for LPA GPCRs. Nevertheless, LPA induces neointima formation which must
involve G-protein signalling as the effect is partially inhibited by pertussis toxin (Zhang et
al. 2004). Another study also showed a requirement for unsaturated LPA in vascular
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remodelling and suggested the involvement of a yet unidentified receptor specific for
unsaturated LPA (Yoshida et al. 2003).

To date no studies have been found a link between LPA and AML pathophysiology.
However, sphingosine 1 phosphate (S1P) which has a similar molecular structure to LPA
phospholipids acts both intracellularly and extracellularly to cause pleiotropic biological
responses. S1P was found protect HL60 cells from apoptosis intracellularly without acting
on the Edg 1receptor (Van Brocklyn et al. 1998).
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1.5 Aims of the study

Relapses and resistance occurring after a complete remission of APL can develop after a
short time of therapy. Cytotoxic chemotherapy and improvement in supportive care have
prolonged survival for patients with APL. Nevertheless, cytotoxic agents have several side
effects, including a risk of secondary malignancy and death. Therefore, the research of
modern drug development in oncology with therapeutic improvement will result from
specific targeting of molecular alterations that occur during tumorigenesis. One strategy is
to inhibit enzyme that produce cofactors critical to signalling and/or survival pathways
specific to AML. LPAAT-B is differentially expressed in normal cells and is highly
expressed in a wide variety of tumour cells. We propose that LPAAT-B is also
overexpressed in AML. We focus on the potential therapeutic applications of inhibiting
LPAAT-B enzyme and thus the production of PA, a required lipid cofactor for the
activation of raf and thus the ras/raf/Erk pathway, for mTOR, critical effecter molecules
downstream in phosphotidylinositol-3-kinase (PI3K) pathway. These signalling molecules
and their downstream effectors are involved in proliferation and/or survival of AML cells
and have been independently targeted for anticancer drug development.

Therefore, the aims of the present study were to test this hypothesis by inhibition LPAAT-p
by specific LPAAT-B inhibitors led to effect on apoptotic event in-vitro. Cells were
evaluated (pre and post treatment), by flow cytometry for expression of apoptotic markers
(Annexin V and propidium Iodide staining) and cell cycle progression. To measure
inhibitors specificity on LPAAT-B, LPAAT-f enzyme activity was measured by
radioenzymatic assay after long and short time of exposures to PC020702.

Also, we used Oligonucleotide array to examine gene expression before and after a short
time of exposure to LPAAT-B inhibitors in both NB4 and NB4:R2 cells, in order to identify
common genes differentially expressed in proliferation and apoptosis after inhibitor
induction. Using gene analysis software including AtlasImage and GeneSpring, genes from
Oligonucleotide array were analyzed and comparison of expression patterns within and
between cell lines have been made possible. Quantitative real-time- PCR was used to

confirm the involvement of these genes in the enzyme inhibition processes.
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Involvement of PA in cell signalling was analyzed by measuring phosphorylated Erk1/2,
mTOR and Akt by Western blotting using specific antibodies. PA has been implicated as
playing either a direct or indirect role in activation of these signalling molecules.

These results provide evidence for the identity of targets of these inhibitors that may play a

role in the development of AML treatment.
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CHAPTER 2
MATERALS & METHODS
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2.1 Cell Culture and Cell line

2.1.1. General rules

All cell culture work was handled in a Class II microflow laminar hood. 70% ethanol
was used to wipe all surfaces and materials before it was brought into the hood.
Pipettes, pipette tips, falcon tubes and syringes were sterilized by autoclaving or
purchased sterile. Contaminated tips and pipettes were soaked in 10x actichlore
solution for 24 hours before being discarded into autoclave bags in lidded autoclave
bins.

2.1.2 Cell culture conditions

The haematopotic cell lines NB4, NB4:R2, HL.60 and HL60-R, were cultured in RPMI
1640 medium supplemented with L-glutamine medium (Sigma). The medium utilizes
bicarbonate buffering system to maintain pH at 7.3-7.5. 10% Foetal Bovine Serum
(FBS) was added to the medium. For HL60 and HL60-R, 100 units/ml penicillin and
100 pg/ml streptomycin were added to medium. All cell lines were maintained at 2.5 x
10° cell/ml, and split every 2 days. The cells were incubated at 37°C in 5% CO; and
98% humidity.

2.1.3 Long term liquid nitrogen storage of cell lines

Liquid nitrogen stocks of cell cultures were prepared by resuspending cells at 4-6 x 10°
cells/ml in freezing media (normal culture medium with 20% FBS and 10% DMSO).
Cells were aliquoted into 1.5 ml cryopreservation tubes. The cells were gradually
frozen, as rapid freezing causes ice crystal to form inside the cell, which causes rupture.
The tubes were placed into a polystyrene box, and placed into —70°C freezer for gradual
freezing over 24 hours. The cryopreservation tubes were finally placed into liquid
nitrogen for long term storage.

2.1.4 Thawing of the cells

When required, cells were removed from liquid nitrogen storage and thawed quickly at
37°C. Cells were slowly diluted by dropwise addition of 1 ml of fresh medium to the
freezing vial. The cells were then transferred to a universal container (UC) and
gradually diluted with 5 mls of fresh medium. Slow dilution prevents a dramatic
osmotic shock. Cells were centrifuged and washed to remove residual DMSO, placed in

tissue culture flasks in fresh medium and maintained as described above.
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2.1.5 Cell line
All cell lines used in this study were derived from human myeloid leukaemia. These

cell lines were blocked at different stages of differentiation. The work was done on four

cell lines, which between them represent models of ATRA induced differentiation and

resistance. These cell lines were summarized in the following table (Table 2.1):

Cell line

Descriptions

References

NB4

A leukaemia cells were optioned from 20 years old
female with APL. Contains t(15:17) translocation.
Maturation induced towards the granulocytic

lineage after treatment with ATRA.

(Lanotte et al. 1991)

NB4:R2

A mutant leukaemia cell line (APL) resistant to
ATRA This cell line was selected for resistance to
retinoic acid by initially exposing wild type NB4

cells to long term treatment with retinoic acid.

(Duprez et al. 1992)

HL60

A leukaemia cell line derived from 36 years old
female with acute myeloid leukaemia. Lack
t(15:17) translocation. Induced to mature to
neutrophils after treatment with ATRA and DMSO.

(Breitman, et
al.1980;Collins, et al.
1977;Dalton, et al.
1988)

HL60-R

HL60-R subline was resistant to ATRA. This cell
line was selected for resistance to retinoic acid by
initially exposing wild type HL60 cells to low drug
concentration and then step wise augmenting the

drug concentration.

(Gallagher et al. 1985)

Table 2.1: Cell lines used in the study

2.1.6 Trypan blue exclusion cell counting

Trypan blue (Sigma) was purchased ready to use or prepared at a working solution of
0.1% PBS (w/v) and 10 ul mixed with 10ul of the cell suspension. Sample were loaded

onto Neubauer haemocytometers and viable cells counted. Viable cells appeared clear

whilst dead cells absorbed the blue dye. The viability was calculated according to the

following formula:

Viability (%) = (total viable cells/ total viable and dead cells) x 100.
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2.1.7 LPAAT-B inhibitors storage and preparation:

LPAAT-$ inhibitors: were purchased from Cell Therapeutic, Inc, as powder. They were
active form (PC020702 and CT32228) and inactive form (PC020701 and CT32212).
All LPAAT-B inhibitors were dissolved in absolute dimethylsulfoxide (DMSO) as a
stock solution (10 mM) in a sterile UC, which was tightly capped, wrapped in foil and

kept at —20 °C for up to a three months. These drugs were added to the cell culture of
AML cell lines in falcon flasks at 25 nM concentration. Cells were incubated for the
period required at 37 °C and 5% Co,.

2.1.8 Cell harvest and storage

At the end of each experiment and the completion of counts, and viability assessment,
cells were harvested. The required number of cells were spun down at 1200 rpm for 5
minutes, washed with 1x PBS, pelleted and frozen immediately at -80 °C. Cells were

later used for RNA or protein extraction.
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2.2. LPAAT-B Assa

2.2.1. General rules for handling C radioactive material

Before work appropriate lab coat and double gloves must be worn before starting any
experiment. A work area monitoring sheet was filled with name, date and time of entry
and departure from the hot lab. A Geiger (Radio active monitor) counter was used to
monitor the desk, sink and all equipments. If contaminated, the area and equipments
were wiped with Deacon 90 solution (a radioactive decontaminated solution) and
rechecked before use. A hot waste pot was prepared by filling with 10% Deacon
solution, for disposal tips and tubes. During work the Geiger was left on and regularly
used to check the gloves and working area.

After work, solid waste should be sealed in plastic bag with name, date and estimated
activity of the waste and stored in the Perspex bin until collection. Liquid waste was
discarded directly in a radioactive designated sink in the hot lab.

2.2.2 Principle

The principle of the assay is the ability of LPAAT-B to convert sn-1-oleoyl
lysophosphatidylmethanol (LPM) into ['*C]-phospatidylmethanol (**C-PM) in the
presence of [“C]-Oleate. “C-oleate act as Acyl-CoA donor where LPM act as
substrate. The end products of the reaction were separated by Thin Layer
Chromatography (TLC) plate. The '“C-PM spots intensity was exposed to a
Phosphoscreen. Storm Imager was used to quantitate spots and the data analysed by
ImageQuant software. The '*C-PM production represents LPAAT-B enzyme activity
(Coon et al. 2003;Hideshima et al. 2003;Saulnier-Blache et al. 2000).

2.2.3 Data analysis

The "*C-PM spots percentage was calculated by the following equation:

1C-PM % = (**C-PM spots relative pixel volume / whole lane relative pixel volume) x
100.

2.2.4 LPAAT-P Assay
The AML cell lines were treated with LPAAT- inhibitor for an appropriate time. At

the day of labelling, one million cells were harvested from treated and untreated cells
and resuspended in 0.48 ml of medium. 5 pM of LPM (from Avanti) and 25 nM of
LPAAT-B inhibitor (PC020702) were added to appropriate tubes. Then the cells were
incubated at 37 °C for 20 minutes. Further 10ul of 1C-labeled oleate (pre-prepared a
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stocks (0.4 pCi/pl) in 1x PBS and 20mg/ml fatty acid free bovine serum albumin (FAF-
BSA) from Sigma was added to all cells and incubated at 37 °C for 30 minutes. The
cells were washed thrice with 1.5 ml ice cold PBS. The reaction was stopped by
addition 0.5 mL of ice cold pure methanol and 2 mL of ice cold pure chloroform
followed by vigorous shaking and centrifugation. The reaction was separated into two
phases by addition of 0.5 ml of 0.2 M of phosphoric acid, and then centrifuged for 2
minutes at 500 x g.

Lipids were extracted from cells after discarding the upper phase and drying the lower
phase under nitrogen. The dried lipids were then resuspended in 100 pL of
chloroform\methanol (ratio 2:1). A volume of 50 pl of lipids along with LPM and PM
standard were spotted on silica gel 60 HP-TLC (Thin Layer Chromatography) plates
from Analtech.

The plate was developed in mobile phase chloroform/methanol/ammonium hydroxide
(65/30/4). The spots along with LPM and PM standard were visualized under UV light
after sprayed with 0.05 % w/v Primulin to identify the position of LPM and PM. The
TLC plate was exposed for 24 hours to Phosphor screen which records the image. Then
the screen was analysed by the Phospholmager which is capable of producing digital
images of blots labelled with radioisotopes (Figure 2.1). The data were analysed by

ImageQuant software.
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Figure 2.1 Phosphorlmager instrument.* (A) the Phosphorlmager instrument was
used to scan the Phosphor screen (B). Phosphor screen was used to records the image

on TLC plate.

* Reproduced from website with slight modification (http://www.oardc.ohio-state.edu)
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2.3 Flow cytometry
2.3.1 Introduction

The basic flow cytometer consists of a laser beam intersecting a stream of fluid
containing single cells passing by sequentially. As the cells flow past a focused laser
beam of appropriate wavelength, the probes fluoresce and the emitted light is collected
and directed to appropriate detectors. These detectors, in turn, translate these light
signals into electronic signals proportional to the amount of light collected. When the
laser beam hits the edge of an individual cell, some of the photons of light are deflected
slightly and the amount of this light, called “forward angle” light scatter is an indication
of the cell size. Other photons may hit internal structures (granules, etc.) of the cell
which causes them to be deflected on a wide angle. This light scatter is often called
“side scatter” or “90 degree light scatter”. All of the fluorescent light (up to 8 - 12
colours in the state-of-the-art flow cytometer) and scattered light signals are measured,
digitized and correlated particle by particle. The signals can then be converted into
histograms for immediate results and/or stored as raw data for experimental analysis
later.

Most flow cytometers are equipped with an argon laser tuned to 488nm wavelength
since the most common fluorochrome, Fluorescein (FITC), is excited at this
wavelength. Fortunately, many other fluorochromes are also excited by this
wavelength, and it is possible to design a four-color flow cytometric experiment using
this one laser.

Flow cytometers come in two different varieties: analyzers and analyzer/cell sorters. In
cell sorters the flow stream is agitated and droplets are formed. If the desired cell is
known to be in a particular droplet, it is charged negatively or positively when the
droplet passes the charging collar. There are two deflection plates just beyond the
charging collar, one of which is positively charged to deflect the negatively charged
droplets while the other is negatively charged to deflect the positively charged droplets.
The deflection is controlled in such a way that the cells land in a tube filled with
medium. Because only the droplets with cells are sorted, the volume of cells plus sheath
fluid is very small and the cells can be exposed to a high protein medium quickly.
Another advantage with the electronic sorters is that you can sort two different types of
cells simultaneously and, if desired, collect the unsorted cells (Ormerod 1999;Shapiro
1995)
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2.3.2.1 Annexin V Assay (Principle)
Apoptosis is a normal physiologic process, which occurs during embryonic

development as well as in maintenance of tissue homeostasis. Certain morphologic

features, including loss of plasma membrane asymmetry and attachment, characterize
the apoptotic programme. In apoptotic cells, the membrane phospholipids

initially discovered as a vascular protein with strong anticoagulant properties

(Reutelingsperger, et al. 1985). It is a 35-36 kDa Ca2+ dependent phospholipid-binding
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protein that has a high affinity for PS, and binds to cells with exposed PS (Raynai &
Pollard 1994). Translocation of PS to the external cell surface is not unique to
apoptosis, but occurs also during cell necrosis. Therefore, staining cells with Annexin V

in conjunction with a vital dye such as
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2.3.2.3 Experiment design and Flow cytometry analysis
On the day of labelling, each untreated cell lines were divided into four tubes. The first

tube was unstained (annexin V-/PI-). The second tube was stained with annexin V only,
while the third tube was stained with PI. The fourth tube was stained with both annexin
V and PL This was done to adjust electronic compensation to eliminate bleed through
of fluorescence (Figure 2.2). After adjustment the file was saved for future analysis.
For flow cytometric analysis, to quantitate the frequency of apoptotic cells, the cultures
were incubated with FITC-labelled annexin V and harvested and analysed by flow
cytometry. (Becton Dickinson, Sunnyvale, CA) (B-D). Excitation was done at 488 nm.
A minimum of 10000 cells per sample were analysed and data stored in list mode.
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Figure2.2 Annexin V gating strategy. This figure shows density-plot of FITC-
Annexm V (x-axis)/Propidium Iodide (PI) (y-axis) two parameter flow cytometry.
Figure (A) shows cells negative for both the annexin V-FITC binding and PI uptake.
Figure (B) shows cells contain PI stain only. Figure (C) shows cells stained with
annexin V-FITC only. Figure (D) shows cells stained with both PI and annexin V-

FITC, due to a compensation error the region encompassing the apoptotic cells has

been shifted.
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3 Cell Cycle Analysis by Flow Cytometry

N»

.3.3.1 Prepidium iodide Assay (Principle)

DNA content per cell was determined using the DNA-binding fluorochrome propidiun
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iodide (PI) and flow cytometric analysis. PI stained nuclei emit fluorescent light and
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he plot of fluorescence values of that “gated’

region would exclusively represent data of the gated population.

2.3.3.2 Propidium lodide procedure:

After treatments, 2.5x1 0° of cells in tissue cultur suspension wer
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placed in 17x100
mm tube, centrifuged for 5 minute (300x g) at room temperature. The supernatant was
spirated and pellet resuspended in 5 ml of 1x PBS, centrifuge for another 5 minutes

(300x g) at room temperature, The supernatant was aspirated and pellet resuspended in
200ul of PBS, and SOOpl of ice-cold 70% ethanol in PBS were added. The samples

left on ice for 30

l'tl

were

centrifugation at 300x g for 5 minutes. The samples were washed once and resuspended

minutes in the dark. The samples were analyse

After the samples were analysed by the flow cytometer and the data were stored in a

file for further analysis. The data were further analysed by the WinMDI version 2.8 and

Cylchred version 1.0.2 software. WinMDI density blots were applied and a gate (R1)
vas applied on the forward and side scatter density blot to exclude background noise.



different cell cycle phase simultanecusly and the data can be saved as percentage in

Excel file.
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Figure 2.3 Cell Cycle gating strategy.
This figure shows typical density plot of WinMDI cell cycle analysis by propidium

iodide and the gating strategy on typical non-treated NB4 cells. Figure A shows a gate

region (R1) applied on forward and side scatter density plot graph for ail events to
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igure B shows
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gate region (R2) applied on the
fluorescence from FL-2 width (FL2-W) versus FL2 area {(F1.2-A) showing the whole
population of cells in cell cycle. Figure C shows different cell cycle phases after gating
hi

Cylchred software cell cycle stained by PI after gating (black line = Go/G,, green line

poptotic events. Figure D shows a typica
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2.4 RNA analysis techniques

2.4.1 Introduction ioc RNA

Each mammalian cell contains about 10 pg of Ribonucleic Acid (RNA), made up of
ribosomal RNA (fRNA) (80-85%), transfer RNA (tRNA) {10-15%) and messenger
RNA (mRNA) (1-5%). For the sake of gene expression studies, it is the mRNA that is
required. mRNA molecules initially synthesized in the nucleus from genomic
Deoxyribonucleic acid (DNA) (nascent RNA) will contain several sequences, called

introns that are not transcribed into protein. These are successively excised in the

only coding sequences (exons) in the mRNA that migrates tc the

artly
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vecause of degradation during the extraction process due to the action of contaminating

because the rigorous treatment required dissociating the RNA from protein in

ribosomes may fragment the pelyribonucleotide sirands. In this study, Qiagen Rneas

mini kit was used for total RNA extraction. This kit allows up to 100 ug of RNA longer

than 200 bases to be purified. The cell are first lysed and homogonized in the presence

= Ak

which immediately inactivate

@
L

0y
<
o
=,
c
=
=
(¢’]
A,
[€4]
r::
I

iocyanate (GITC) containing buffer

Rnases to ensure appropriate binding conditions. Ethanol is added to provide
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applied 1o supplied columns
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A binds to a silicon gel based membrane and contaminants are
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2.4.3.1 Rneasy Kit (Qiagen)

After experimental treatment, 1x10’ celis were harvested by ceutufugation at 300x g
for 5 minutes. The cells pellet was disrupted by adding 600 ul of lysis buffer RLT,

which contain 3-mercaptoethanol. The sample was homogenised by passing the lysate

_— st

through a 20G (0.9mm) needle fitted into a syringe. An amount of 600 ul of 70%
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IS

ethanol was added and mixed by pipetting several time. The sample was applied to an

RNeasy spin column in a 2ml collection tube and centrifuged at 8,000 x g for 15
seconds and the flow through was discarded. This step was repeated as necessary to
allow all samples to pass through the column. A volume of 350 pl of RW1 washing



buffer was added onto column and centrifuged as above. The flow through was

membrane. The column was incubated at room temperature for 15 minutes. A volume
of 350 ul of RW1 washing buffer was added into the column, and centrifuged for 15
seconds at 8,000 x g. The spin column was placed into a new 2 ml collection tube and a

volume of 500 pui of RPE washing buffer applied into the colum

n and centrifuged as
above. The flow though was discarded. An additional 500 pl of RPE washing buffer
was added to the column, which was then centrifuged for 2 minutes at maximum speed
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2.4.3.2 RNA Integrity and quantitation

RNA purity and integrity is very i‘mpoﬁant for effective use in RNA analysis. Such

changes in RNA integrity and quantitatio
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PCR, Northern blot or any related other technologies. Therefore immediate RNA

addition, all apparatus and buffer used in the extraction and handling of RNA was
either purchased as Rnase free components or treated with di-ethyl-pyrocarbonate
(DEPC) overnight at 37°C followed by autoclaving.

The eluted RNA was quantitated by UV spectrophotometric instrument. RNA was
diluted 1:70 in RNase-free water and analysed in a GeneQuant from Amersham. The
absorbance at 260nm (Ab;eg) and 280nm (Ab,so) were recorded and RNA concentration
calculated by the following formula:

RNA concentration = Abgg x 40 x Dilution
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Where Abyg 1s the absorbance of the sample at 260nm and 40 is RNA correction

factor. The purity of RNA can be estimated from the ration of the two wavelengths
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2.5 Oligonucleotide Microarrays
2.5.1 The Principle

Microarray technology enables simultaneous gene expression analysis of thousands of
genes. Two microarray technologies (platforms) are mainly used today for high
throughput gene expression analysis: the spotted glass slide microarray technology and
the Affymetrix GeneChip technology. Oligonucleotide probes on GeneChip T7-
Oligo(dT) expression arrays are designed in the sense direction of corresponding
nscript. In GeneChip expression analysis, sample amplification and labelling is used
to produce biotinylated antisense targets for hybridisation to probes on the arrays.
The complete procedure inveolves hybridising a chimeric T7-oligo( dT) primer to the
sample mRNA in the reverse transcription reaction for first strand cDNA synthesis,
followed by second strand cDNA synthesis. The purified double-stranded ¢cDNA
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containing a T7 promoter at its 5 end can now serve as a template in the in vitro

transcription reaction that produces many copies of complementary RNA (cRNA) that
has incorporated biotinylated nucleotides. The biotinylated cRNA targets are the
fragmented and hybridised to GeneChip expression arrays
2.5.2 Methods

.

1 x 10 cells of NB4 and NB4:R2 cells were untreated and treated with LPAAT-f3

or

inhibitors for 1 hour. After 1 hour the cells were harvested and centrifuged at high

an
speed. The cells pellet was dried completely from media, and frozen at —80 °C until

needed. The Dbasic steps in the Affymetrix assay are as follows

3. Second strand cDNA synthesis

4, Cleanup of double stranded cDNA

5. In vitro transcription {IVT) cRNA synthesis
6. Cleanup of biotin-labelled cRNA

7. Fragmentation
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RNA extraction was performed, the samples were then processed by Mrs Amand

CBS (Cent

Gilkes before analysis within

tral Biotechnology Surfaces) University o

@
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iff, School of Medicine.
.Z.1 RNA Isolation
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RNA isolation for the Affymetrix system was different from the RNA isolation

described previously in section (2.4.2). The cells were lyses with 1 ml of Trizol reagent,

centrifugation, the aqueous phase, which contains RNA was formed at the top of the
PLG-H, and red phenol chloroform and cloudy interphase was below.

The upper phase was extracted into separate tube, isopropyl alcohol was added to the
tubes and incubated at 15-30°C for 10 minutes. Then the sample was centrifuged at

12,000 x g for 10 minutes, to aid RNA precipitation.

The supernatant was decanted, 75% ethanol was added to RNA pellet. The sample was
cenirifuged at 7,500 x g for 5 minutes at 2-8 °C, to help remove the isopropyl alcohol

Finally RNA concentration and purity was quantitated by Agilent chip.

2.5.2.2 First strand cDNA synthesis:

An amount of 7.5 ug of total RNA was mixed with water to get total volume of 10 pl

and 2 pl of 100 pmol/ul T7 primer {Affy T7 primer 5’-GGC CAG TGA ATT GTA
TA CGA CTC ACT ATA GGG AGG CGG TTT TTT TTT TTT TIT TTT TT1

1e sample was incubated at 70 °C for 10 minutes for primer hybridisation. After brief
centrifugation, the sample was kept on ice. Another tube, containing a master mix for

all other components for 1*' strand synthesis was prepared as follows:

5 x 1 Strand Buffer 4l
0.1 MDTT Zonil
10 mM dNTP 1 ul

B
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After addition of a master mix the sample were mixed and centrifuged for a fe
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seconds. The sample was then incubated at 40 °C for 2 minutes. After that, 1 ul per

2.5.2.3 Second strand cDNA syntkesis:

For the second strand synthesis the following master mix were added to the sample:

RNAse-free water 91 ul
5 x 2™ Strand Buffer 30 pl
10 mM dNTP 3ul
DNA Ligase 1ul
DNA Polymerase 1 4 ul
RNAse H 1l
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....... reaction
preparation. The mixture was vortexed for 3 second and a volume of 500 pl of sample
were added to the cDNA Cleanup Spin Column sitting in a 2 mL collection tube. The
column was centrifuged at > 8,000 x g for 1 minute. Then, the column was reloaded
with the remaining mixture and centrifuged as above, after centrifugation, flow through

and collection tube were discarded.
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The column was transferred to a new collection tubes, and a volume of 750 p

minutes at < 25,000 x g to dry the membrane. The flow through and coliection tube

new 1.5 mL collection tube, and a
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volume of 14 pl of cDNA Elution buffer was added to column and centrifuged for 1
minutes at maximum speed (< 25,000 x g). This step will elute the cleaned up ¢cDNA.

The eluted cDNA were kept in —20 for IVT synthesis.
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RNAse-free water Ilepul
10 x HY Buffer 4 ul
10 x Biotin-labelled Ribonuclectides 4 ul
10x DTT 4 ul
RNAse Inhibitor Mix 4 ul
T7 RNA polymerase 2l
Total 29 pl + 11 pl of the cleaned cDNA

After mixing and centrifugation, the sample was incubated at 37 °C for 6 hours with

2.5.2.6 IVT cRNA Cleanup:

IVT cRNA cleanup step is necessary to remove unincorporated NTPs, so that 1

c—-P

interfere with cRNA quantification, as the biotinylated nucleotides interfere with th
Ultra-Violet spectrophotometer. 60 pul of RNAse-free water were added to IVT reaction

and mixed by vortexing for 3 second. Then 350 ul of IVT ¢cRNA Binding Buffer was
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added to the sample and mixed by vortexing for 3 seconds. After that, 250 ul of ethanocl

(96-100%) was added to the lysate, and mixed well by pipetting. IVT cRNA cleanup

spin column sited in a 2 mL collection tube and 700 pl of the mixture were a

added. After

centrifuging for 15 second at > 8,000 x g, the flow through and collection tube were
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was centrifuged as above and the flow througn was discarded. The column was

iy residual etha



transferred to a 1.5 collection tube. For elution of cleaned ¢cRNA a volume of 11 pl of

/ater was pipetted directly onto the membrane and centrifuged as above.
A

quantification of cRNA when using total RNA as starting material, an adjusted cRNA
yield must be calculated to reflect carryover of unlabeled total RNA.UV

i)
(4]
spectrophotometer was used to estimate of percent carryover,

was used to determine adjusted cRNA yield:

Adjusted cRNA yield = (amount of cRNA measured after IVT{ug)) — (amount of total

RNA used in cDNA synthesis reaction) x (fraction of cDNA synthesis reaction used in
3 J L Y

A total of 15ug cRNA was used in fragmentation; the reaction was performed in a

cRNA 15ug (1-32pl)
5 x fragmentation buffer 8ul
DNase free water Fo 4Gl

was stored at —20°C until hybridisation.
As mentioned earlier the rest of steps, which include hybridisation, staining and
scanning, were performed at Central Biotechnology Surfaces, in Cardiff University

School of Medicine.



hain Reaction (PCR) is a powerful techniques used for many applications
in molecular genetics studies. Quantitative PCR using Real Time-PCR (Light Cycler)

was used in this study to confirm gene expression pattern obtained from Affymetrix

The Light Cycler system has been designed to reduce time by simultaneously allowing

amplification and monitoring of the PCR product. The system uses PCR temperature
1

capillary, with a high surface area to volume ratio. The combination of using air for
rapid thermal cycling and the high surface to volume ratio of the capillaries aliows 30-

r~ +a )

The capillary ideally has been designed for use as cuvetites for the fluorescence
measurements. The Light Cycler optical unit detects florescence from the tip of the

capillary. The Florescence used with Light Cycler system is SYBR Green I dye
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means the fluorescence increase as more PCR produu is produced in the reaction.
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product is verified by a specific T, which provides accuraic identification of the
product, where as primer dimers and other small amplification artefacts melt at lower
temperature.

2.6.2 Methods:

2.6.2.1 First strand synthesis

After experimental treatment, RNA was extracted as mentioned in section 12.4-3) RNA
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further used by RT-PCR for the determination of the expression level of mRNA in the

sample. The following master mix (19ul) was added to 1ul of RNA :

un

ample:

Master Mix

25 mM MgCl12 4ul
10X PCR buffer II 2ul
dGTP 2ul
dATP 2ul
dTTP 2ul
dCTP 2ud
RNase inhibitor |
MuLV Reverse Transcriptase ipl
Random Hexamers 1yl
DEPC water Zul

The sample was placed in thermal cycler machine. The sample was incubated at 37 ©

for 1 hour, then at 75°C for 5 minutes and then at 4°C. The sample was stored in —20 °C

2.6.2.2.Primers Designing
The primers were designed so that the GC content of the primer was not more than 60%

and had a T, between 55-60 °C. This was done to assure optimal performance and
minimize formation of primer dimers. All primers were purchased from Oswel and

diluted to 10 uM and 50ng/ul. The primers were stored in aliquots in —20°C until
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interest, which will be used with light cycler analysis. Th
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10 x PCR buffer II 5.0ul
Primer (sense) 2.5ul
Primer (anti-sense) 2.5pl
Tag 0.625ul
RT reaction {from 12.5u
DEPC water To 50ul

The master mix shown above was incubated in thermal cycler. The sample was first
denatured at 95°C for 5 minutes. Then the PCR cycle was started for denaturing,

annealing and extension at 95°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute
el i =

respectively. At the end of PCR reaction the sample was soaked at 4°C.

2.6.2.4 DNA extraction and standard preparation

The PCR product, a long with a ladder was run on 1.5% agarose gel stained with
ethidium bromide. The band was visualized under UV light (the product size was

(=

to manufactures instruction using QIAquick gel extraction kit from Qiagen.
was quantitated as mentioned in section (2.4.3.2), and stored in aliquots (5 ng/ul) at —

20°C, these was ¢

SO YWaS
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lled standard. The DNA was used later to prepare serial dilution for
the standard curve.

2.6.2.5 MgCl; optimisation
The enzyme activity in PCR reaction depends on the specific MgCl, concentration. In
RT-PCR each gene was optimised with MgCl; concentration range from 2 to 5 mM.

The following reaction mixture was used in MgCl, concentration optimization:

MgCl; 2mM/3mM/4mM/5mM 0.4ul /0.8ul /1.2ul1 /1.6ul

Primer sense {50ng/ul) 0.5ul

Primer anti-sense {50ng/ul) 0.5ul

Syber Green reaction mixture (LC/FS) 1.0pl

RT reaction (standard) 1.0ul

DEPC water Up to 10ul

The reaction mixed was analysed by Light Cycler. The appropriate MgCl:

concentration for every gene was further used in RT-PCR experiment.



2.6.2.6 Light Cycler PCR optimisation

The Real Time PCR reaction performed in a Light Cycler uses the optimised
magnesium chloride concentration and the serial standard as mentioned above for each
set of primers. Serial dilutions of standards varied from 107 to 107 copies of the target
molecule per microlitre. The samples were repeated in duplicate and two independent
sets of samples were analysed on Light Cycler, with a negative control (no template)

was always run. The Light Cycler PCR mixture was prepared in a total volume of 9pl:

MgCl, as determined by optimsation
Primer sense (50ng/pl) 0.5ul
Primer anti-sense (50ng/ul) 0.5ul

Syber Green reaction mixture (LC/FS) 1.0ul

DEPC water variable

9ul of mix was aliquoted in a special designed capillary and 1pl of sample RT
(prepared using random hexamers) was used in Light Cycler PCR reaction. The Light
Cycler PCR run is divided into five steps. They include: hot start, denaturation,
amplification, melting curve analysis and cooling. After the end of a run, the samples
were socked at 4°C. The Light Cycler PCR reaction for the housekeeping genes (S14)

were generated in the same manner as the reaction for the sample.
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2.7 Northern Blot
2.7.1 Principle:

Total RNA molecules are separated on agarose gel using electrophoresis, the separation
is based on the size of RNA where the small molecules run faster than the large one.
The separated RNA is transferred to a membrane (nylon filter), which allows repetitive
use and easier accessibility. Once RNA is transferred on membrane, the target mRNA
can be detected by hybridisation probe with a base sequence complementary to all, or a
part, of the sequence of such mRNA. The technique provides semi-quantitative
information about RNA. The location of a signal (binding between probe and its target)
indicates the presence of the target sequence and the intensity of the signal, as well as
reflects the activity or abundance of that target.

2.7.2 Methods:

2.7.2.1 Electrophoresis

After experimental treatment, RNA was extracted and quantitated, RNA was loaded on
1% agarose (0.66 formaldehyde) denaturing gel. The gel was prepared by dissolving 2g
agarose in 170 ml DEPC water using a microwave. The boiled gel was left to cool
slightly, an accurate a mount of 10X MOPS, 40 % of formaldehyde and 1 mg/ml
ethidium bromide were added to the gel. The gel was mixed gently and poured in a
large tray (20x20 cm) in the fume hood. Once the gel was solidified, the tray was put in
the tank and 1X MOPS with 1 mg/ml ethidium bromide were added (Running buffer).
The 10 ug of RNA sample was prepared with loading buffer and heated at 55°C for 15
minutes. The loading dye (5 uL) was added to the sample. The mixed sample was
loaded into gel along side with a DNA marker (p(GEM® from Promega). The gel run at
60 volts for an hour to run the sample in the gel, followed by 30 volts overnight.

2.7.2.2 Blotting

The gel was observed under UV light to check run was acceptable and that RNA
loading was equal. The gel was transferred to a Pyrex dish and rinsed twice with DEPC
water for 20 minutes with gentle shaking (to remove excess formaldehyde) and the gel
was equilibrated in 10x SSC buffer for 10 minutes. The blotting tools were prepared as
follows. A platform was made in a Pyrex dish using four rubber bungs and a glass
plate. The glass plate was covered with a 3MM Whatmann paper reached and touch
down the base of the dish that it formed a wick. 500 mls of 10x SSC was poured on top
of the paper. Air bubbles were removed by rolling a glass rod over the paper. The three
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sheets of 3 MM Whatmann paper presoaked with 10x SSC buffer were placed on the
top of the wick. The gel was positioned at the centre on the top of the paper, and the
membrane (Hybond N, Amersham, UK) placed on top of the gel. Air bubbles were
removed as mentioned a above. Another 3 sheets of 3MM Whatmann paper were
placed on the top of the membrane. A stack of absorbent paper towels were placed on
top of the Whatmann paper, and saran wrap was placed up to each side of the gel to
prevent liquid short circuit between the paper towels and the lower 3MM sheets. A
glass plate was placed top of the towels, and compressed with a 500g weigh. Transfer
was allowed to proceed overnight. The RNA was fixed onto membrane by heating at
80°C for 2 hours. Alternatively the filter was exposed to UV light cross linker. The
filter was sealed in a plastic bag and stored at 4°C until required.

2.7.2.3 Hybridisation

The principle of hybridisation that DNA probe to be labelled is first denatured and then
mixed with oligodeoxyribonucleotides of random sequence. These random oligomers
anneal to random sites on the DNA and then serve as primers for DNA synthesis by a
DNA polymerase. With labelled nucleotide(s) present during this synthesis, labelled
DNA is generated. Each kit contains predispensed reaction mixes, which are
compressed into a bead. Ready-To-Go DNA labelling beads (dCTP) from Amersham
and [a-*’P]dCTP were used for labelling probes.

The membrane was placed in a hybridisation tube RNA side facing inwards. The filter
was prehybridised by ULTRAhyb hybridisation buffer (Ambion, UK) at 42°C for 30
minutes. 25-50 ng of DNA template was diluted to 45 ul with Tris-EDTA (TE) buffer
and denatured at 95-100 °C for 5 minutes. After incubation the denatured DNA was
chilled in ice for 5 minutes. The reaction mixed bead was reconstituted with denatured
DNA then 5ul of [o->’P]JdCTP was added to the reaction. The sample mix was placed at
37°C for 5-15 minutes. The probe was push through NucTrap purification column from
Stratagene, to remove unincorporated nucleotides and reduce background noise. The
process was performed according to the manufacturer’s description. The probe was
added in a hybridisation tube and incubated overnight.

2.7.2.4 Post-Hybridisation

The following day, the hybridisation buffer was discarded and the membrane was
washed with washing buffer at several dilutions. The washing started from low
stringency and gradually increased stringency. The membrane was washed twice for 5
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minutes with 2X SSC, 0.1% SDS followed by two washes for 5 minutes with 1X SSC,
0.1% SDS. The membrane was further washed twice for 5 minutes with 0.1X SSC,
0.1%SDS. The membrane was carefully monitored in between washes to achieve the
appropriate radioactive level (20-50 count per minute). The filter was sealed in a plastic
bag and exposed to two films from Kodak over night or longer in —70°C. The films
were developed and the band was verified through measurements of distance relative to
the DNA marker and /or the ribosomal bands.

2.7.2.5 Striping the Membrane

The membrane striping removes probe and gives opportunity of using the filter for
multiple hybridisation with different probes. The membrane was placed in pyrex dish
and washed with boiling 0.5% SDS with agitation and allowed to cool to room

temperature. The washing was repeated as necessary to make sure the filter was ready

for reuse.
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2.8 Western Blotting.

2.8.1. Protein extraction and quantitation

Following appropriate treatment, 5 x 10 cells were harvested by centrifugation at 1200
rpm for 5 min followed by three washes in 1x PBS and the pellet was stored at —80°C
until use. The cells was resuspended in 200ul of lysis buffer (100 mM NaCl, 10 mM
Tris-HCL (pH 7.2), 2mM EDTA, 0.5% (w/v) sodium deoxycholate and 1% Nonidet
P40) and pipetted up and down. Samples were sonicated for 10 seconds on ice to shear
DNA and reduce sample viscosity. The lysate was centrifuged at 16,000 x g for 5
minutes at 4°C. The supernatant (protein) was transferred to a fresh microcentrifuge
tubes and kept on ice or stored at —70°C until use.

The protein concentration was determined using Bio-Rad DC protein assay kit (Bio-
Rad Laboratories Ltd). The principle of the protein assay is based on a reaction between
protein and copper in an alkaline medium, and followed reduction of folin reagent by
the copper-treated protein. The colour formed was measured at absorbance of 750 nm.
A brief description of the procedure, a “working reagent A” was prepared by adding
20pul of reagent S to each ml of reagent A that would be required to complete the run.
5ul of bovine serum albumin standard (ranging from 0—1000 pg/ml) or sample lysate
was added to 25pl of working reagent A. 200ul reagent B was added followed by
gentle mixing and incubation at room temperature for 15 minutes. Absorbance was

determined at 750 nm within 1 hour.

2.8.2 Sodium Dodecyle Sulphate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE).

Electrophoresis was performed using the NuPAGE® electrophoresis system using
XCell SureLock™ Mini-Cell obtained from NOVEX (Invitrogen experimental
technology, Frankfurt, Germany). This system is based upon a Bis-Tris-HCL buffered
(pH 6.4) 10% polyacrylamidel0 mm gel run under reduced conditions with 3-(N-
morpholino) propane sulphonic acid (MOPS) running buffer. Samples of protein lysate
with equal protein concentrations were mixed with, 12.5ul of 4X NuPAGE® LDS
(lithium dodecyl sulphate) sample buffer and Spl NuPAGE® reducing agents to a final
volume of 50pul. The mixture was vortexed and then heated at 70°C for 10 minutes and
centrifuged briefly before being placed on ice. The appropriate volumes of samples
(20ul) were loaded to each well of the gel 10% SDS PAGE gel using extra fine tips.

Also molecular weight marker (magic mark) was loaded in one of the wells.
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Electrophoresis was carried out and the proteins separated at 200V for 50 minutes using
NuPAGE® SDS MOPS running buffer at room temperature.

2.8.3 Electro blotting

Once the electrophoresis was finished, the gel cassette was carefully opened and the gel
allowed to rest on the larger plate. A pre-soaked filter paper was placed on top of the
gel and the plate was turned over, the gel was then separated from the plate. The
surface of the gel was wetted and a pre-soaked (in pure Methanol for 1h)
polyvinylidene difluoride (PVDF) membrane put on the gel. Another pre-soaked filter
paper was placed on top of the transfer membrane and air bubbles were removed using
a glass rod. The gel membrane assembly was then placed on two soaked pads that were
placed on the blot module. Another two pre-soaked pads were placed on top so that the
gel-membrane assembly was sandwiched between the pads. The blotting assembly
module was placed in XCell SureLock™ Mini-Cell tank and filled with NuPAGE™
transfer buffer until the gel-membrane sandwich was just covered with the transfer
buffer. The outer chamber was filled with ultra pure water, and the gels were
electroblotted at 30V for 60 minutes.

2.8.4 Blocking the membrane and antibody probing

PVDF membranes were washed twice with 20 ml of 1 x TBS-T washing buffer (24.2 g
Tris base, 80g NaCl and 10% Tween-20) on rotary shaker before incubation in 10 ml
blocking buffer (1 x TBS-T and 5% Bovine serum albumin) for 60 minutes. The
membranes were then washed twice and incubated with primary antibodies diluted
1:1000 in 10ml blocking buffer overnight at 4°C. Thereafter, the membranes were
washed three times, five minutes each in antibody washing buffer before were
incubated for 30 minutes with secondary antibodies (anti rabbit-HRP or mouse-HRP)
diluted 1:50000/or 1:100000 respectively. The membranes were washed three times,
washing five minutes each in washing buffer before they were washed once with ultra
pure water. The excess of water was taken from the membranes using filter paper
before the membranes were developed using ECL advance detection kit according to
the protocol supplied by Amersham. Finally, the chemiluminescence’s signal was
detected with KODAK X-ray photographic films (Amersham) that were exposed for 30
seconds to 5 minutes. The films were developed with 20% (v/v) developer and were
fixed using fixing agents (Sigma). The films were dried and the bands for interest

proteins were identified by comparison with molecular weight markers.
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2.8.5 Membrane stripping and re-probing

In some circumstances membranes were stripped of antibody and re-probed. For
efficient stripping, membranes were incubated in stripping buffer (15g glycine, 10%
sodium azid, 100% HCL and 10% Tween-20) for 2 hours at 80°C with shaking.
Stripping buffer was removed away by washing membrane thrice with washing buffer.

Membranes were blocked for 1 hour with blocking buffer before re-probing with new
antibodies.
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CHAPTER 3

Effect of LPAAT-B Inhibitors on AML LPAATP
Enzyme Activity and cell Proliferation
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3.1 Introduction

The coordination and balance between cell proliferation and apoptosis is crucial for
normal development and tissue-size homeostasis in normal individuals. Cancer results
when clones of mutated cells survive and proliferate inappropriately, disrupting this
balance. One mechanism for maintaining size homeostasis is a requirement for factor-
dependent signalling from the environment for cell survival (Raff 1992).

Cells that exhaust local supplies of these factors or that move to new locations away from
the source will die. Although this mechanism of growth control is certainly part of the
story, it is not sufficient to limit the expansion of clones that have a proliferation- or
survival-promoting mutation. This is because either kind of mutation would be expected
to cause an increase in the number of mutant cells relative to their normal neighbours
(Guo & Hay 1999).

LPAAT-B is a family of intrinsic membrane enzymes that catalyse the de novo
biosythesis of PA, an essential component of a number of signal pathways as well as a
critical intermediate in the synthesis of cell membranes. LPAAT-B may play a role in
functions critical to tumour cell growth and survival. LPAAT-B mRNA was found to be
elevated in many solid tumour cells including uterus, fallopian tube and ovary. LPAAT-8
was also detected in myeloid cell lines THP-1, HL60, and U937 with mRNA levels
remaining the same with or without phorbol-ester treatment (Coon et al. 2003;Leung
2001;Leung, et al. 1998). We hypothesise that this enzyme is also over expressed in
AML and conversely, that inhibition of LPAAT-P activity may lead to effects on PA
production and hence effect cell signalling particularly the ras/raf/fErk and
PI3K/Akt/mTOR pathways. These two pathways are known to play roles in cell
proliferation and apoptosis in AML.

Understanding the role that LPAAT-B may play in functions critical to tumour cell
growth and survival has prompted us to use small molecular compound inhibitors
(LPAAT-B inhibitors). These inhibitors were found to inhibit LPAAT-P in a cell-free and
the cellular assay measuring PM formation (see explanation of assay in chapter 2), high-
throughput assays led to the discovery of a group of isoform-selective inhibitors with ICso
(inhibitory concentration 50%) values in the nanomolar concentration range. These
inhibitors were found to inhibit proliferation of a large variety of tumour cell lines with

ICs values at nanomolar concentrations (Bonham et al. 2003). The inhibitors used in our
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study belong to diamino-diaryltriazines group. Exemplars of this group of compound
were CT32228, CT32212, PC020701 and PC020702.

In this study, a radio enzymatic assay was used. This assay measures the production of
1C-labelled phosphatidylmethanol (PM) by the addition of '“C-labelled oleate and the
pseudo substrate, lysophosphatidylmethanol (lysoPM). C-labelled PM production
represents enzyme activity. Analogous experiments with the natural, preferred substrate
for LPAAT, LPA, are not possible for two reasons: the doubly charged head group of
LPA will not translocate across the membrane; and the action of lipid phosphate
phosphatases rapidly metabolises lysoPA to monoacylglycerol (Waggoner et al. 1996).
This “in cell” enzyme assay can detect PM formation in AML cell lines, suggesting that
this assay might be used to monitor LPAAT-P enzyme activity.

In this chapter we are going to discuss in detail the effect of LPAAT- inhibitors on
AML LPAAT-B enzyme activity, and AML cell proliferation and viability.
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3.2 Material and Methods

A detailed description of LPAAT-B enzyme assay can be found in section (2.2). Also a
detailed description of cell counting can be found in section (2.1.6). The following

sections will describe briefly the exact setting for these experiments.

3.2.1 Cell lines and treatment

Four different acute myeloid leukaemia cell lines were used in this study representing
different responses to ATRA. The first cell line was NB4, which represent the AML/M3
according to FAB classification. NB4 differentiates to granulocytes upon ATRA
treatment and maintain the PML/RARa. transcript. NB4:R2 cell line was the second cell
line used in this study, they do not respond to ATRA and express a mutated form of
PML/RARa. The third cell line was HL60, which also represent the AML/M3. HL60
cells differentiate in response to ATRA and lacks the PML/RARa translocation. The
HL60-R cell line was the fourth cell line used in this study, these do not respond to
ATRA.

For LPAAT-B enzyme assay, NB4 and NB4:R2 cells were used. Each cell line divided
into three flasks, one for untreated (control) and two for treated (test). The tests flasks
were treated for 24 and 48 hours with 25 nM of LPAAT- inhibitor (PC020702). On the
day of labelling, 1 x 10° cells were harvested and resuspended in 0.48 ml of fresh
medium. |

For 1 hour LPAAT-B enzyme assay, NB4, NB4:R2, HL60 and HL60-R cells were used.
Each cell line divided into two flasks, one for untreated (control) and one for treated
(test). The tests flasks were treated for 1 hour with 250 nM of LPAAT-B inhibitor
(PC020702). On the day of labelling, 1 x 10° cells were harvested and resuspended in
0.48 ml of fresh medium.

For proliferation and viability experiments, NB4, NB4:R2, HL60 and HL60-R cells were
used. Each cell line divided into five flasks, one for untreated (control) and four for
treated (test). The four tests flasks were treated for 96 hours with LPAAT-B inhibitors
(two with inactive form and two with active form). The cells were subcultured after 48 h.

All five flasks for each cell line were gassed and incubated at 37°C and 5% CO..

58



3.3. In cell LPAAT-B enzyme Assa

3.3.1. The effect of PC 020702 inhibitor on LPAAT-P enzyme activity in
AML cells

The ability of LPAAT-B to acylate LPA to form PA was tested by exposure NB4 and
NB4:R2 cells to the 25nM of PC020702 inhibitor for 24 and 48 hours. In the presence of
[**C]-labeled oleate, as an Acyl-CoA donor, the LPAAT-B enzyme exhibits a high
specificity for LPM as a substrate to produce PM and this was used to assay the LPAAT-
B enzyme activity. To identify the products of the reaction, one-dimensional TLC was
used to separate them (Fig. 3.1 and 3.2). "*C-PM was interpreted as the results of the
LPAAT-B enzyme activity after inhibitor induction.

Figure 3.1 and 3.2 shows lipids separation of treated and untreated NB4 and NB4:R2
cells respectively. Figure (A) left is for 24 hours and (B) right for 48 hours treatment. The
untreated cells were done in replicates (Oh and 24 h). The red arrow shows the spots of
PM, which is consistent with standard PM spots visualized after sprayed with Primulin
and exposed to Ultra Violet light as described in Material and Methods (data not shown).
Small black arrow indicates a minor but unidentified spots that were observed. The upper
spots co-migrating (large arrow at the top of the plate) with un-incorporated [**C]-labeled
oleate and LPM, that are consistent with standard LPM spots after sprayed with Primulin
and exposed to Ultra Violet light (Figure 3.3). This upper lane was therefore named as
(**C)-labeled Neutral lipids.

Figure 3.3 (A) shows LPM standard after sprayed with Primulin (Figure 3.3 (A)). The
LPM spot was migrated to the top of the plate which indicates the position of LPM after
development. In the absence of LPM, no *C-PM was detected. The radioactive spot of
non-incorporated [*C]-oleate was found at the top of the plate with '*C -neutral lipids
(Figure 3.3 (B)). This indicates that LPM substrate is sensitive and specific to LPAAT-$

enzyme.
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production in the absence of LPM and the un-incorporated '*C-oleate migrates to the top

of the plate.
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3.3.1.1 The effect of PC020702 inhibitor on LPAAT-B enzyme activity in NB4 cells
ImageQuant software was used to quantitating the relative pixel volume of the *C-PM
bands. The software tools were used to outline '*C-PM spots and whole line spots. Then
the background was corrected by choosing “Local Median” (ImageQuant determines the
median (middle value) of all the pixel values in the object outline and uses this value for
the background). ImageQuant software was further saved relative pixel volume data in
Excel file. The C-PM spots percentage were calculated by the following equation:
14C-PM % = (**C-PM spots relative pixel volume / whole lane relative pixel volume) x
100

A slight but non significant difference was seen between Oh time (P>0.05) and 24 hours
and 48 hours in untreated cells, which may indicates LPAAT-B not changing during cell
growth or at least at 24 hours and 48 hours compared with 0 hour. LPAAT-B activity
showed a decreased in its activity in NB4 cell line after 24 hours of treatment, more than
at 48 hours. The activity of the enzyme was inhibited to about 50 % and 15% after
PC020702 induction for 24h and 48 h respectively. The results showed a statistically
significant inhibition of enzyme activity between untreated and treated cell after 24 h of
PC-020702 induction (P= 0.034), however no statistically differences were seen between
untreated and treated after 48 h (P > 0.05) (Figure 3.4).
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Figure: 3.

4. The effect of LPAAT inhibitor on NB4 enzyme Activity. NB4 cell were
treated with

The enzyme activity was assayed by radioenzymatic assay. The student T-test was used
to calculate P value, which P=0.034 for 24 h. The symbol (*) represents the P value for
NB4 after 24h treatment. The results are given as a mean percentage of "C-PM +

Standard Deviation (SD). The label (U) is for untreated, (T) is for treated cells.



45-39% and less than 15% after PC020702 induction for 24h and 48 h respectively. The
10w a statistically significant inhibition of enzyme activity between untreated

and treated cells after 24 h (P= 0.044), however no statistically significant inhibition was
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In order to correct for any possible difference in the amount of sample loading in

3

the drugs may affected cell uptakes to LPM and
of the 48 h results and the whole lane relative pixels volumes were affected compared
with untreated to treated cells. Therefore we decide to see the effect of the LFAAT-f

inhibitor on enzyme activity after 1 hour of treatment.
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Figure 3.6 The whole lane expression in NB4 cells for the treated and untreated cell. The

¢

iIahel
a.,l_u

'—Il
=

results are given as a mean of relative pixel volume + Standard Deviation (SD).

(U) is for untreated, (T) is for treated cells
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Figure 3.7 The whole lane expression in NB4:R2 cells for the treated and untreated cell.

The results are given as a mean of relative pixel volume + Standard Deviation (SD). The

3.3.1.3 The effect of PC020702 inhibiter ocn LPAAT-B enzyme activity in NB4,

about 15 %-10 % inhibition in enzyme activity after 1 hour of LPAAT-§ inhibitor
induction. This indicates that NB4 was more sensitive to inhibitor than NB4:R2 and
HL60 was more sensitive to inhibitor than H160-R. There were no statistical significant

differences (P>0.05) found between untreated and treated cells in all cell lines {(Figure

9).
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The relative pixel volumes of the whole lane were equally expressed in all cel! line

(Figure 3.10).
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Figure 3.8 LPAAT-B acylation of LPM to form "*C-PM. NB4, NB4:R2, HL60 and
HL60-R cells were treated for 1 hour with 250 nM of LPAAT-p inhibitor (PC020707).
At the day of labelling, 10° cells were incubated for 20 minutes with 50 uM of LPM
along with 250 nM of LPAAT-J inhibitor. Then the cells were incubated for 30 minutes
with 0.4 nCi of *C-oleate, as described in material and methods. One-dimensional TLC
plate was used for phospholipid separation. Storm Imager was used to measure "*C-PM

intensities. The label (U) is for untreated, (T} is for treated cells.
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Figure: 3.9 The effect of LPAAT inhibitor on NB4, NB4:R2, HL60 and HL60-R
enzyme Activity. Four AML cell lines (NB4, NB4:R2, HL60 and HL60-R) were treated
with LPAAT-f inhibitor (PC020702) at 250 nM (25 x 10® M) for 1 hour. The results are

given as a mean percentage of 4C-PM. The label (U) is for untreated, (T) is for treated

cells
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Figure 3.10 The whole lane expression in NB4, NB4:R2, HL60 and HL60-R cells for the

treated and untreated cell. The results are given as a mean of relative pixel volume. The

label (U) is for untreated, (T) is for treated cells
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concentrations of LFAA I mhibitors (C 132228 and PCU20/02) were evaluated on AN
cells (NB4, NB4:R2, HL-60 and HL-60-R). All cells were exposed to the two inhibit
at different concentration for 4 days. The following table summaries cell lines a

treatment used (Table 3.1 & 3.2)

NB4 NB4:R2
No of flasks PC020702 CT32228 PC020702 CT32228
1 Untreated Untreated Untreated Untreated
2 1 nM 50 nM 1 nM 50 nM
3 5 nM 100 nM 5 nM 100 ;M
4 10 nM 250 nM 10 naM 250 sM
5 25 nM 500 nM 25 M 500 nM

Table 3.1 the concentrations of the LPAAT-B inhibitors were used in proliferation ¢

viability experiment in NB4 and NB4:R2.

HL60 HL60-R
No of flasks PC020702 CT32228 PC020702 CT32228
1 Untreated Untreated Untreated Untreated
2 1 nsM 50 sM 1 aM 50 nM
3 5 nM 100 nM 5nM 100 nM
4 10 ;M 250 nM 10 nM 250 nM
5 25 nM 500 nM 25 nM 500 nM

Table 3.2 the concentrations of the LPAAT- inhibitors were used in proliferation ¢
viability experiment in HL60 and HL60-R.



3.4.1.1 The effect of PC020702 on NB4 and NB4:R2 proliferation
PC020702 at a low conceniration of 10 nM started to inhibit proliferation and reached
optimum inhibition at 25 nM by day four. The cell counts were less than 1 x10° cells/ml

compare to untreated control which were at 19x10° cells/ml by day 4 (P =0.014).
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Figure 3.11 The eiiect of PCGZ2702 on NB4 and NB4:R2 cell proliferation. NB4 and
NB4:R2 cells were grown in RPMI medium with 10% FBS and incubated at 37°C with

5%CO0;, cells were treated for at least four days, at different concentrations of PC020702
LPAAT-P inhibitor. The proliferation of cells was measured every 24 hour by cell
counting. The student T-test was used to calculate P value (* and **), which P=0.014 and
0.012 for NB4 and NB4:R2 respectively. Data are expressed as mean values + standard

deviation obtained from at least three independent experiments.
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3.4.1.2 The effect of PC020702 on HL69 and HL69-R proliferation
PC020702 at the optimum concentration 25 nM was sufficient to inhibit proliferation
ificantly by day 4 (with cell count of 5x10° cell/ml compared to 30x10° cells/ml of
untreated HL60 (P = 0.018). HL60-R cell proliferation was significantly inhibited at this
concentration (P=0.004). For HL60-R the cell count was 2.5x10° cells/ml compared to
30x10° cells/ml for untreated HL60-R by day four. These results suggest that PC020702
1ad a toxic effect on sensitive and resistant cell lines in a time and dose dependent

manner (Figure 3.12).

60 ‘
50 -
‘ B Day 1
- m Day 2
i O Day 3
3 3% [ [ | r m Day 4
1 1
10-\ ok
A IJI ‘
RN S & &
29" ot & N N 3§ N Q L
RIS e Y el S
& O Pyl
s HL60 : HL60-R

=
EL
oy
=
(=]
P
=
[¢]
1]
=
wn
b3
4
(4]
(m
L'.!
L=
el
p—
=
[
(=
=5
=
=
>
-
-—0
-
—
"o
o~
==
U:J
€4]
o
=]
(&N
-
=
(2]
e
e
f<~)
-t
[¢']
o
oS
—
L
~J
<
)
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LPAAT-B inhibitor (CT32228) isoform is structurally different from PC020702. It was
used for AML cell line treatment. CT32228 inhibited NB4 and NB4:R2 cell proliferation
at different concentration. CT32228 at a concentration 50 nM was sufficient to inhibit
NB4 cell proliferation by day 4. On day four, NB4 cell proliferation was significantly
inhibited at concentration 100 nM (P=0.037). CT32228 was toxic to NB4:R2 cells also
compared to untreated control. It was started to inhibits cell proliferation at concentration
of 50 nM, and with maximal inhibition with CT32228 at 250 nM compared to untreated

ntrol (P=0.031) (Figure 3.13).
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Figure 3.13 The effect of CT32228 on NB4 and NB4:R2 cell proliferation. NB4 and
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CT32228 LPAAT-B inhibiiors. The proliferation of cells was measured every 24 hour by

cell counting. The student T-test was used to calculate P value (* and **), P=0.037 and
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0.031 for NB4 and NB4:R2 respectively. Data are expressed as mean values + standard

deviation obtained from at least three independent experiments.
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LPAAT- inhibitor CT32228 exhibited significant growth inhibition after 96 hours at a
concentration of 100 nM in all HL60 and HL60-R cell lines tested (P=0.0014 and

P=0.005 for HL.60 and HL60-R rspe:m ely). CT32228 exhibited maximal inhibition at
concentration of 250 nM (25x1 M) in both HL60 and HL6

0-F
LPAAT-B inhibitor CT32228, HL.60 and HL60-R cell proliferation decreased to <10% at
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Figure 3.14 The effect of CT32228 ¢n HL60 and HL69-R cell proliferation. HL60
and HL60-R cells were grown in RPMI medium with 10%FBS and incubated at 37°C
with 5%CQO;, cells were treated for at least four days, with different concentrations of
CT32228 LPAAT-B inhibitors. The proliferation of cells was measured every 24 hour by
cell counting. The student T-test was used to calculatc P value (* and **), which

P=0.0014 and 0.005 for HL60 and HL60-R respectively. The results shown as mean +
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ell count X 107 cells/ 5 ml of three independent experiments.

(77

o |
wn



ell lines viability.
3.4.2.1 The effect of LFAAT-p inhibiter PC020702 on NB4 and NB4:R2 Viability

A breakdown in membrane integrity determined by the uptake of a dye to which the cell

(o]

is normally impermeable. Dead cells and debris could not exclude the dye and were
stained dark blue, whereas live cells were clear. NB4 and NB4:R2 cell lines induced with
seeded at about 2.5x10° on day 1, the viability of these cells were determined every 24
hours. Untreated control NB4 and NB4:R2 shows a great viability by day four (97% and
98% respectively), while treated NB4 and NB4:R2 with PC020702 represented a
decrease in viability by day four after induction with 10 nM concentration of the
inhibitor. The optimal concentration (25 nM) of PC020702 showed 30 % and 25
%viability by day 4 for NB4 and NB4:R2 respectively (Figure 3.15).

120

100 ;.
z ; T m Day 1
- ‘ m Day 2
= 60 ’ 4
2 O Day 3
S 40 0O Day 4

20 -

0 | || | | i L i 1
S S N S D N
> Ca & & Q
(\\&‘? AR .-,_p(\ o\&& NS O AP
NB4 N NB4:R2

Figure 3.15 The effect of PC020702 on NB4 and NB4:R2 cell viability. NB4 and
NB4:R2 were grown in RPMI medium and 10% FBS, cells were induced with different
concentrations of PC020702, incubated at 37 °C in the presence of CO», cells stained

with Trypan blue every 24 h to measure viability of cells during four days of induction.

The results are shown mean + SD of percentage of three independent experiments.



3.4.2.2 The effect of LPAAT-p inhibitor PC020702 on HL60 and HL60-R Viability
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results suggest this LPAAT-B isoform inhibitor may be toxic and that ATRA resistant

cells may be more sensitive to the effect of the inhibitor (Figure 3.16).
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Figure 3.16 The effect of PC020702 on HI60 and HI60-R cell viability. HL60 and

s

L60-R were grown in RPMI and 10% FBS, cells were treated with different

concentrations of PC026702. Details are as given for Fig. 3.15.



3.4.2.3 The effect of LPAAT- B inhibitor CT32228 on NB4 and NB4:R2 Vlablh‘y
Untreated NB4 an
The viability of the cells was decreased as the concentration increased with CT32228 in
both NB4 and NB4:R2. The toxicity of the inhibitors started at 50 nM and less than 10%

viability was seen after 500 nM by day four in both sensitive and resistant cells (Figure

3.17).
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3.4.2.4 The effect of LPAAT-f inhibitor CT32228 on HL66 and HL60-R Viability
CT32228 exhibited |

ess toxicity in HL60 celils than HL60-R, the viability in HL60-R

~

decreased after treatment with CT32228 at concentration of 50 nM, while the viability

decreased at concentration of 100 nM in HL60 cells (Figure 3.18).
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Figure 3.18 The eifect of CT32228 on HI60 and HI60-R cell viability. The viability
percentage of HL60 and HL60-R cells after treated with CT32228 at different
concentration. The viability was assed by Trypan blue. The results are shown of mean +

SD of percentage of three independent experiments.



3.4.3 The effect of LPAAT inhibitors (CT32212 and PC020701) on AML
cell lines profiferation and viability.
The PC020701 comipound i structurally similar to PC020702, and CT32212 compound
is structurally similar o' CT32228. These two inhibitors were also tested on cell
proliferation and viability in NB4, NB4:R2, HL60 and HL60-R AML cells. The
following table summaries cell lines and treatment used (Table 3.3 & 3.4)

NB4 NB4:R2
No of flasks PC020701 CT32212 PC020701 CT32212
1 Untreated Untreated Untreated Untreated
2 1 nM 50 sM 1 tM 50 nM
3 5aM | 100 nM 5nM 100 nM
4 10 nM 250 nM 10 ;M 250 nM
5 25nM 500 nM 25nM 500 nM

Table 3.3 the concentrations of the LPAAT-B inhibitors were used in proliferation and
viability experiment in NB4 and NB4:R2.

HL60 HL60-R
No of flasks PC020701 CT32212 PC020701 CT32212
1 Untreated Untreated Untreated Untreated
2 1 nM 50 nM 1nM 50 nM
3 5nM 100 M 5nM 100 nM
4 10nM 250 nsM 10 sM 250 nM
5 25nM 500 nM 25nM 500 nM

Table 3.4 the concentrations of the LPAAT-B inhibitors were used in proliferation and
viability experiment in HL60 and HL60-R.
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PC020701 inhibitor showed insignificant (P>0.05) cell growth inhibition at concentration
25 1M by day four, in all cell lines tested. PC020701 at concentration of 25 nM exhibited
an insignificant antiproliferative effect in NB4 and NB4:R2 cells by day four. Also
viability, treated cells at 25 nM displayed good viability by day four in all cell lines
tested. Treated HL60-R cells were shown to have no more than 20% of dead cells at
concentration 25 nM by day four with PC020701. The CT32212 inhibitor did not show
any toxicity on all in the cell lines tested. Treated cells were viable even at high
concentration of inhibitor (500 nM) CT32212. These results suggest that the analogues
form of LPAAT-B inhibitors (PC020701 and CT32212) were not toxic to any of the four
AML cell lines used, therefore, these inhibitors were used as negative control (Figures
3.19, 3.20, 3.21 and 3.22).
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Figure 3.19 The effect of PC020701 on NB4, NB4:R2, HL60 and HL60-R cell
proliferation. NB4, NB4:R2, HL60 and HL60-R cells were grown in RPMI medium

with 10% FBS and incubated at 37°C and 5%CO;, cells were treated for at least

days, with different concentrations of PC020701 LPAAT- inhibitors. The proliferation

of cells was measured every 24 hour by cell counting. The results are shown of mean +

SD of percentage of three independent experiments.
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Figure 3.20 The effect of CT32212 on NB4, NB4:R2, HL60 and HL60-R cell
proliferation. NB4, NB4:R2, HL60 and HL&60-R cells were grown in RPMI medium

with 10% FBS and incubated at 37°C and 5%CQ,, cells were treated for at least four

of percentage of three independent experiments.
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Figure 3.21 The effect of PC020701 on NB4, NB4:R2, HL60 and HL60-R cell

viability. Cells were grown in RPMI medium and 10% FBS, cells were induced with

different concentrations of PC020701, incubated at 37 °C in the presence of CO,, and

cells stained with Trypan blue every 24 h to measure viability of cells during four days of

induction.

experiments.

The results are shown mean + SD of percentage of three independent
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Figure 3.22 The effect of CT32212 on NB4, NB4:R2, HL6¢ and HL60-R cell
viability. Cells were grown in RPMI medium and 10% FBS, cells were induced with
different concentrations of CT32212, incubated at 37 °C in the presence of CO;, and cells
stained with Trypan blue every 24 h to measure viability of cells during four days of
induction. The results are shown mean = SD of percentage of three independent

experiments.



3.5 Discussion

Inhibition of the LPAAT-B isoform has been shown to have antiproliferative effect on
haematopoietic cell lines. The inhibition of the LPAAT-B enzyme using nanomolar
concentration of aryldiaminotrizine compounds has been previously shown to result in
significant inhibition of cell proliferation in vitro in Epstein Barr virus-transformed B
non-Hodgkin’s lymphoma, T cell leukaemia, chronic myeloid leukaemia, acute myeloid
leukaemia (HL60), and Burkitt’s lymphoma (Bonham et al. 2003;Pagel et al. 2005).
Hideshima et al (2003), also showed that LPAAT-B inhibitors had antiprdliferative effect
in multiple myeloma cells at concentration of <200 nM (Hideshima et al. 2003).
Consistent with these prior studies, we hypothesised that LPAAT-B is overexpressed in
AML. Therefore, inhibition of LPAAT-B in AML could lead to downregulation of its end
product PA and affect signalling pathways important in apoptosis and cell cycle
regulation. To examine specificity of LPAAT-f inhibitors on LPAAT-f enzyme activity
we used a radio enzyme assay. The biological effect of these compounds on AML cells,
however, had not been previously characterized.

In this chapter the LPAAT-P enzyme activity was assayed at different time points; 48 h,
24h and 1 h on AML ATRA sensitive and resistant cell lines after LPAAT-B inhibitor
treatment. In the presence of '*C-Oleate as an Acyl-CoA donor and LPM as a substrate,
the LPAAT-B enzyme activity was quantitated.

The LPAAT-B inhibitor (PC020702) showed a significant inhibition (P=0.034) of the
enzyme activity after 24 hours in both ATRA sensitive and resistant cell lines, NB4 and
NB4:R2 (50% and 39% inhibition respectively) indicating that NB4 may be more
sensitive to the inhibitor than NB4:R2 cells.

However inhibition was insignificant in both NB4 and NB4:R2 following 48 hours
incubation. The relative pixel volume of the whole lane shows a decrease in the treated
cells compared to untreated, which may indicates that long term of inhibitor induction
had affected on the cell uptakes for the LPM and '“C-Oleate and as a result of that the
whole cell line was also affected.

For that reason we decided to examine the affect of the inhibitor after short term
exposure. The results show the activity of the enzyme was inhibited after PC020702
treatment for 1 hour in NB4, NB4:R2, HL60 and HL60-R, with little change seen in

whole lane pixel volume analysis.
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In a recent study from another group, LPAAT-f activity was quantified on Multiple
Myeloma cell lines after treated with different LPAAT-B and LPAAT-a inhibitors, and
they found the enzyme activity to be inhibited between (65-70% and 15-20%)
respectively (Hideshima, et al. 2003).

In this current study, we found that cell growth of human AML cell lines was inhibited
up to 10-fold following incubation with LPAAT-f inhibitors PC020702 compared with
untreated cells. By day four a significant decrease (P=0.014 and P=0.012 of NB4 and
NB4:R2 respectively) in cell proliferation was observed. Also significant decreases in
proliferation were observed in HL60 and HL60-R (P=0.018 and P=0.004 respectively). It
would appear that the inhibitor has a more toxic effect on the HL60-R cells than the wild
type HL60. PC020702 has been shown to be antiproliferative at 10 nM and 25 nM in all
cells. CT32228 has been shown to be antiproliferative in all ATRA sensitive and resistant
cell lines studied at 50 nM and 100 nM.

The analogous compounds PC020701 and CT32212 to PC020702 and CT32228
respectively were also tested on AML cell lines. These inhibitors did not exhibit an
antiproliferative effect on any of the cell lines tested, consistent with previous studies
(Bonham, et al. 2003). CT32212 and PC020701 were named as inactive form and were,
therefore, used as a negative controls.

To further elucidate the mechanism of the antiproliferative effects mediated by LPAAT-B
inhibitors. The following two chapters will examine in detail the effect of LPAAT-
inhibitors on gene expression using oligonucleotide arrays and on signaling pathays

important in cell cycle progression and apoptosis.
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CHAPTER 4

Identification of molecular targets following
LPAAT-B inhibitor treatment in Acute Myeloid
Leukemia cell lines using oligonucleotide
arrays and validation of selected genes using
Real-Time PCR and Northern blotting
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4.1 Introduction:
DNA microarrays can measure expression of thousands of genes simultaneously, providing

extensive information on gene interaction and function. Microarray technology is a
powerful tool for identifying novel molecular drug targets and for elucidating mechanisms
of drug action. Furthermore, microarrays can monitor the large-scale profile of gene
expression in response to specific pharmacologic agents, providing information on drug
efficacy and toxicity. DNA microarrays are divided into two group mainly cDNA
microarrays and oligonucleotide arrays.

cDNA microarrays consist of long cDNA fragments (200-600 bp), either produced from
cDNA libraries or PCR products generated from gene specific primers, which are printed
onto nylon membrane. It can easily be used in the laboratory without expensive additional
equipment.

The Affymetrix oligonucleotide array system uses a single colour fluorescent label, where
experimental mRNA is enzymatically amplified, biotin-labelled for detection, hybridized to
the wafer, and detected through the binding of a fluorescent compound. The current
generation of photolithographic arrays have 250,000-400,000 probes arranged in pairs — a
perfect match (PM) probe that is complementary to a 25-base pair segment of mRNA and a
mismatch (MM) probe that is complementary to the same mRNA segment except for the
13" nucleotide. A collection of 16 to 20 probe pairs, called a probe set, is used to represent
a gene (McGall & Fidanza 2001).

The oligonucleotide arrays, developed by the Affymetrix system were used in our study.
Data is obtained by examining the signals of fluorescence, analyzed and compared by
computer software, particularly GeneSpring version 7.1. To date no other studies have
analysed the gene expression profile using cDNA microarray or oligonucleotide array after
LPAAT-B inhibitors treatment in AML cells.

In the pervious chapters, we assayed LPAAT-B enzyme activity using a radioenzymatic
assay technique. The LPAAT-B inhibitors were active after 24 hours and 1 hour of
treatment. The inhibitors were found to be anti-proliferative and induced toxicity in all four
cell lines tested. The reason we decided to examine the effect of gene expression after 1h

was to avoid disturbance of all signalling after 24h or 48 h due to the toxicity of the drug.
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Many studies have recommended repeating hybridization as a means of filtering and
confirming the data. It was recommended that at least three replicates be used in designing
experiments using microarray (Lee et al. 2000). In our study, eight arrays were hybridized
and each one was repeated once. In addition, prior to oligonucleotide array experiments, all
procedures including RNA extraction, sample loading, probe labelling, hybridization,
staining and washing were standardized for all experiments. Repeating the experiment is
costly, and there are still inherent limitations of consistency. Therefore, the assay was
performed in duplicate for all conditions examined but genes found to be differentially
expressed between samples required confirmation by other methods.

Real-time PCR and Northern Blotting techniques were used as the methods of choice for
confirming genes differentially expressed in our oligonucleotide array experiment. Real-
time PCR and Northern Blotting provide a quantitative estimate of RNA/DNA
concentration in different samples. Like oligonucleotide array experiments, Real-time PCR
and Northern Blotting measure gene expression at mRNA level.

In this chapter we use Real-time PCR and Northern blotting to verify the expression of
genes found to be differentially expressed using oligonucleotide array. There were two
genes selected from those differentially expressed (2 folder higher) by oligonucleotide
array to be validated with the two methods mentioned above. These two genes were
caspase-5 and cdc2 that regulated apoptosis and cell cycle progression respectively.

The following chapter will discuss in detail oligonucleotide array techniques used to assess
the gene expression profile of NB4 and NB4:R2 cell lines following treatment with
PC020701, PC020702 and CT32228 for 1 hour versus untreated cells. All experiments
were performed in duplicate. The use of real-time PCR and northern blot for validation of

selected differentially expressed genes will also be discussed.
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4.2 Material and Methods

A detailed description of oligonucleotide array material and methods can be found in
section (2.5). For real-time PCR and Northern blotting materials and methods were
mentioned in sections 2.6 and 2.7 respectively.

4.2.1 Cell lines and treatment

Two different acute myeloid leukaemia cell lines were used in this study representing
different responses to ATRA. The first cell line was NB4, represents the AML/M3
according to FAB classification. NB4 cells differentiate to granulocytes upon ATRA
treatment and maintain the PML/RARa transcript. NB4:R2 cell line was the second cell
line used in this study, these do not respond to ATRA and express a mutated form of
PML/RARa.

NB4 and NB4:R2 cells were seeded at 2.5x10° cells/ml in RPMI-1640 medium
supplemented with 10% FBS. Each cell line was divided into four flasks, one for untreated
(control) and three for treated samples (tests). The three test flasks were treated with 250
nM PC020701 (inactive), PC020702 and CT32228 (active) of LPAAT-B inhibitors
respectively. All four flasks for each cell line were gassed and incubated in 37°C, 5% CO,
for 1 hour. After one hour the cells were harvested and total RNA was extracted as
described previously in section (2.5.3) using Trizol reagent.

4.2.2 Oligonucleotide Array Expression Analysis:

In brief, total RNA was extracted with Trizol reagent and was used to create cDNA with a
T7-polyT primer and the reverse transcriptase, Superscript II. Approximately 1 pg of
cDNA was subjected to in vitro transcription in the presence of biotinylated UTP and CTP.
A total of 15 ug of cRNA was fragmented. Target cRNA was hybridized to a set of
oligonucleotide arrays (Affymetrix) containing 22283 probe sets of human genes.
Expression data was analyzed by GenSpring version 7.1. As mentioned in material and
methods chapter (section 2.5) the procedure was completed with assistance from Mrs A
Gilkes and staff at Central Biotechnology Surfaces, Cardiff University, School of

Medicine.
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4.2.3 Target Verification by RT-PCR Analysis.

Two genes were selected for validation by Northern blotting and real-time PCR. Different
RNA samples were used for the oligonucleotide array measurements, and RT-PCR
analysis. The RNA extraction method used in RT-PCR and Northern blot was different
from that used with oligonucleotide arrays. The detail of RNA extraction can be found in
section (2.4.2).

All primers used in this study were purchased from Oswel and diluted to 10 uM and
50ng/ul (Table 4.1).

Gene Primer 1 (5°-3’) Primer 2 (5’-3°)

CaspaseS | CACAGCCAGGGATATGGAGT | GCCTGGACAATGATGACCTT

Cdc2 CCAGCAAGTGTTTAGCACGA | CAGCCTTTGAGTAGGGTCCA

Table 4.1 Caspase 5 and Cdc2 Primer sequences used for RT-PCR analysis

After RNA extraction, a total 2ug of RNA were converted into cDNA by reverse
transcription in a total volume 20 pl according to manufacturer’s protocol. DNA standards
were prepared for all genes under the following thermal PCR conditions: 95°C for 5
minutes, 95°C for 1 minute, 60°C for 1 minute, 72°C for 1 minute for 35 cycle and soaked
at 4°C. PCR product analysed on 1.5% agarose gel, and the bands of interest were cut, and

DNA was extracted according to the manufacturer’s protocol.
4.2.4 Real-time PCR

The real-time PCR mixture contained 1.0 pl of the RT sample, 0.5 pl (50ng/pul) of each
primers, 1.0 pl SYBR Green I, variable amounts of MgCl, (final concentration, 4 mM), and
PCR-grade sterile water. Up to 32 samples were run in parallel by performing an initial 600
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seconds denaturation step at 95°C followed by 40 cycles of repeated denaturation (3
seconds at 95°C), annealing (5 seconds at 60°C), and extension (12 seconds at 72°C). In the
final cycle the melting curves for the samples were determined by initially heating the
mixture to 95°C, cooling it to 40°C. All results were normalized to the expression of S14, a

house keeping gene.

4.2.5 Northern Blotting

Differentially expressed genes were validated by northern blot techniques. RNA were
reverse transcribed into cDNA as mentioned above, bands of interest were cut from agarose
gel, and used as probes for Northern blotting. A total of 10 pg of RNA sample was
prepared with loading buffer and heated at 55°C for 15 minutes. The mixed sample was
loaded into 1% agarose gel and separated by electrophoresis. The RNA was blotted on a
membrane as detailed in section (2.7.2.2).

The membrane was hybridised with 25-50 ng of cDNA probe that was denatured and
labelled by [a-**P] dCTP. The membrane was washed, sealed in a plastic bag and exposed
to two films from Kodak over night or longer in -70°C. The films were developed and the
band size verified through measurements of distance relative to the DNA marker and /or
the ribosomal bands.
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Several steps have to be performed before the raw data are in any shape for a biological

evaluation (Figure 4.1).
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Figure 4.1 Overview of GeneSpring data analysis



4.3.1 Image Analysis

First, one should always look at the raw data, i.e. scanned chip images, to identify artefacts.
After image processing, the first analysis step is to produce a large number of quantified
gene expression values. These values represent absolute fluorescence signal intensities as a
direct result of hybridization events on the array surface. It is also possible to qualitatively

rate gene expression as absent/present detection call calculations.

4.3.2 Normalization

Before analyzing the data it is a routine procedure to normalize the raw data. This is a
mandatory step in the data extraction process in order to appropriately compare the
measured gene expression levels. Normalization is defined as the removing slide/chip
effect, background intensities and other sources of systematic errors.

There are many methods for normalization of array data in GeneSpring. These methods are
dependent on many factors such as the type of experiment being carried out and the type of
data set being used. This means normalization procedures allow microarray data to be in as
much of a linear format as possible. It will be evident from certain normalization
procedures that certain data will have unusual bends or curves. Normalization aims to
avoid this and produce as much a linear distribution as possible. In our study, one per-chip
normalization together with one per-gene normalization was performed. Per-chip
normalization is extremely useful to help eliminate minor differences in probe preparation,
hybridization conditions, washing, or other microarray production imperfection. Usually,
the adjustments are made to set the average fluorescence intensity to some standard value,
so that all the intensities on the chip go up or down to a similar degree. This approach
makes sense if the samples are all similar, e.g. all from the same types of cells or tissues.
The goal of microarray experiments is to identify the genes whose expression is changed
under different conditions. Per-gene normalization is necessary to compare the gene
expression profiles of genes that may be expressed at very different levels. Figure 4.2

shows a window of GeneSpring software used in normalization (Figure 4.2).

95



Trwslamion, e urauneds b then 0.03 12 6 61
[P O Mommalioe o 300 parcentiie
[P O Hammalim 1o peciic vumplns

-
-
-
=
-

-
-
-

-
-

-

-
-
-
-
-
-
-
-
-

etk 115ty

All gene lists imported into GeneSpring at this stage include all genes displayed on each
array (22,283/array). After normalization the data was filtered, eliminating genes that were
not changed or that were expressed at background levels and a source of noise. There are
two principal sources of noise in oligonucleotide array experiments: biological noise and
technical noise. Biological noise consists of variation among patients and tumor locations,

variation in the cellular composition of tumours, heterogeneity of the genetic material

b

ithin tumor due to genomic instability. Technical noise consists of differences in sample
preparation and experiment variables which inciude nonspecific cross hybridization,
differences in the efficiency of labelling reactions and production differences between
oligonucleotide arrays.

The filters include factors such as quality control, expression level constraints. Genes were

removed that were absent in all samples, returning the availability of genes to 12941. Then

o

enes that changed to less than 2-fold in all samples (non-changing) were identified (9335

ene). The genes that then remained in the present and changing list totalled 3606 (the
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D
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differences of gene lists present and less than 2-fold (12941-9335=3606)). This list was

saved and further analyzed.

4.3.4 Fold change and tree view

A natural first step in extracting this information is to examine the extremes, e.g., genes
with significant differential expression in two individual samples or in a time series after a
given treatment. This simple technique can be extremely efficient, for example, in screens
for potential tumour markers or drug targets. A natural basis for organizing gene expression
data is to group together genes with similar patterns of expression.

To detect groups of correlated genes and tissues we used a clustering approach to the data
set. Clustering can be thought of as forming a phylogenetic tree of genes or cells. Genes are
near each other on the "gene tree" if they show a strong correlation across experiments, and
cell lines are near each other on the "cells tree" if they have similar gene expression
patterns (Eisen et al. 1998).

Figure 4.3 shows cluster analysis of all samples using the present and changing genes. The
analyses were performed in duplicate. Untreated NB4 and NB4:R2 cells were grouped
together showing similar gene expression patterns but different from the treated group. The
second group shows treated NB4 cells with the active and inactive form of inhibitors were
grouped together, suggesting equal gene expression pattern, different from the untreated
NB4. The gene expression pattern of active form PC2 and CT8 from untreated was not
surprising; however the surprising outcome was from the inactive form which shows
different expression from untreated. This may be due to the fact that the inactive form was
shown to be toxic at higher concentrations.

The third major group shows NB4:R2 treated with inactive (PC1) and active (PC2 and
CT8) grouped together, while NB4:R2 untreated grouped separately as mentioned above
with untreated NB4. The third group shows similar gene expression pattern as NB4 treated
cells. However the gene expression of the treated NB4:R2 shows a difference from treated
NB4, which indicate that the inhibitors had some what different effects between the two
cell lines. This may be due to NB4 being more sensitive to the inhibitors than NB4:R2
(Figure 4.3).
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4.3.5 Venn Diagrams

After normalizing the data to eliminate random variations, and cluster analysis to have an
overall visualization of the data, we next attempted to further assess the gene list created.
The Venn diagram is an intuitive way of comparing gene lists, showing how many genes
are in common. As we mentioned earlier, one of the main aims of this study was to look for
marker genes for different cellular responses to LPAAT-B inhibitor treatment in ATRA
sensitive and resistant cells. Therefore we looked at common gene lists within the two
active forms of inhibitors (PC2 and CT8) compared with untreated (control) in both NB4
and NB4:R2. Figure 4.4 shows an example of a Venn diagram.
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From the Venn diagram figure 4.4 we were created a Venn diagram 4.5 which shows

common genes were expressed after active form treatment in both cell lines. A total of 122

lower changed in both NB4 and NB4:R2 than untreated. The common list was saved for

Common 2-fold change
in CT32228 and
PC020702 in NB4 and
NB4:R2

Common 2-fold change in CT32228 and PC0620702 in NB4:R2
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4.3.6 Differentially expressed genes list

The next step is to examine the common genes up- and down regulated in both cell lines,
we found 122 common genes expressed after PC020702 and CT32228 inhibitor treatment
in both NB4 and NB4:R2 cells. The reason for this step was to look for similar patterns of
expression within these cell lines after treatment with PC020702 and CT32228. This is
because PC020702 and CT32228 are from the same group of inhibitors (diaryltriazines)
and PC020702 was found to inhibit LPAAT-P (see chapter 3) after 1 hour of treatment.
CT32228 in a previous study was found also inhibit LPAAT-B enzyme activity (Bonham et
al. 2003). Out of 122 genes, 30 genes were over expressed and 92 genes were down
regulated in both cell lines.

Table 4.2 & 4.3 shows genes differentially expressed in both NB4 and NB4:R2 cells after 1
hour of treatment. These genes were found to be higher lower in both cells after PC020702
and CT32228 (active form) treatment. I had expected to see genes that related more to
apoptosis, cell signalling pathways or cell cycle progression, and the phosphatidic acid
signalling pathways, especially ras/raf/fErk and PI3K/Akt/mTOR pathways, as the
inhibitors have a major effect on these biological phenomena. This may be due to short
exposure of these inhibitors on these cell lines. The two tables lists showed that most of the
genes expressed were integrated to cell membrane. However, this is not surprising as the
inhibitors block LPAAT-B enzyme activity that converts lysophosphatidic acid to
phosphatidic acid (PA). In addition to the role of PA in cell signalling, it has been

implicated in lipid biosynthesis that is important to membrane function and structure.
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GeneBank
Accession Description
NM_007347 adaptor-related protein complex AP-4 epsilon
AI337584 NCI_CGAP nuclear mitotic apparatus protein 1
NM_018110 FLJ10488; docking protein 4 (DOK4)
Y13710 macrophage specific
AF020774 hair and skin epidermal-type 12-lipoxygenase-related protein
BE675337 NCI_CGAP_CLL1 Homo sapiens gelsolin
NM_016734 B-cell lineage specific activator protein
L07335 putative; Homo sapiens SRY (sex determining region Y)-box 2
BC004857 Homo sapiens, clone IMAGE:3690478, mRNA, partial cds.
NM_004347 Caspase 5, apoptosis-related cysteine protease
Al344141 member RAS oncogene family
AKO023111 Homo sapiens cDNA FLJ13049
NM_002968 HSAL1; DNA binding sal-like 1 (Drosophila) (SALL1)
AF068220 sarco-/endoplasmic reticulum Ca-ATPase 3 (ATP2A3)
AKO024214 Homo sapiens cDNA FLJ14152
NM_016608 X chromosome, 1
NM_005823 megakaryocyte potentiating factor
NM_004196 cyclin-dependent kinase-like 1 (CDC2-related kinase)
NM _017757 zinc finger protein 407 (ZNF407)
AA018923 Soares retina phosphodiesterase 6A
NM_014124 PRO02S55 protein
Al146308 activated Cdc42-associated kinase 1
NM_025009 hypothetical protein FLJ13621
NM_001463 frizzled-related protein (FRZB), mRNA.
NM_002590 protocadherin 8 (PCDHS)
NM_002922 regulator of G-protein signalling 1 (RGS1), mRNA.

Table 4.2 Common Up-regulated selected genes were differentially expressed in NB4 and
NB4:R2 after treatment with PC2 and CTS8 for 1 hour.
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Table 4.3 Common down-regulated selected genes were differentially expressed in NB4
and NB4:R2 after treatment with PC2 and CT8 for 1 hour.

213172_at KIAAQ227 gene tetratricopeptide repeat domain 9

207750_at Hypothetical protein PRO1866

207252_at ubiquitin-activating enzyme E1
219858 s _at Homo sapiens FLJ20160 protein (FLJ20160)

219973 _at Homo sapiens hypothetical protein FLJ23548 (FLJ23548)

220850_at microrchidia,

211265_at prostaglandin E receptor 3 (subtype EP3)
209988_s_at Homo sapiens achaete-scute complex-like 1 (Drosophila)

guanine nucleotide binding protein (G protein), gamma

207166_at transducing activity polypeptide 1 (GNGT1)

220402_at pS3-regulated apoptosis-inducing protein 1 (PS3AIP1)

206418 _at NADPH oxidase 1 (NOX1)

215957 _at Homo sapiens unknown mRNA, sequence.
204671_s_at ankyrin repeat domain 6

214920_at Soares placenta Nb2HP

221101 _at Hypothetical protein FLJ20034

210121 _at beta 1,3-galactosyltransferase, polypeptide 2
205908 _s_at SLRR2C; osteoadherin; Homo sapiens osteomodulin (OMD)

222322 at Homo sapiens cDNA clone IMAGE:1011110

211523 _at gonadotropin-releasing hormone receptor

221057 _at spermatogenesis associated protein 1

219895 _at hypothetical protein FLJ20716 (FLJ20716)
206675_s_at SNO; ski-related oncogene snoN;
211468_s_at DNA helicase recQS gamma

215386_at Homo sapiens cDNA clone MAMMA1002758 3'

217504 _at Soares_pregnant_uterus_ NbHPU

206717 _at myosin, heavy polypeptide 8, skeletal muscle
204704_s_at aldolase B, fructose-bisphosphate
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216039 _at

postmeiotic segregation increased 2-like 6

217050 _at Human early lymphoid activation protein (EPAG)
219255 x_at interleukin 17 receptor B (IL17RB)
208279 s_at CMT1A duplicated region transcript 1 (CDRT1)

220907_at Homo sapiens hypothetical protein FLJ22684 (FLJ22684)
206116_s_at tropomyosin 1 (alpha) (TPM1)

206624 _at fat facets-like; ubiquitin specific protease 9,

221868 _at ; Homo sapiens mRNA for KIAA1155 protein

207103 _at voltage-sensitive potassium channel

SWI/SNF related, matrix associated, actin dependent regulator of
206543_at chromatin, subfamily a, member 2 (SMARCA2
216586_at H.sapiens UNG2 pseudogene.
H.sapiens partial cDNA for homologue of mPOU homeobox
216329 _at protein.
hAQP4; Homo sapiens mRNA for aquaporin, complete cds.;

210066_s_at aquaporin 4

220736_at member of the folate transporter gene family
209807 _s_at nuclear factor I/’X (CCAAT-binding transcription factor)
220336_s_at H platelet glycoprotein VI-3

206964 _at putative N-acetyltransferase Camello 2 (CML2), mRNA.
221683 s_at monoclonal antibody 3H11 antigen

210917 _at v-yes-1 Yamaguchi sarcoma viral oncogene homolog 1
211078_s_at serine/threonine kinase 3

208450_at galactoside-binding, soluble, 2 (galectin 2)

213067_at myosin, heavy polypeptide 10, non-muscle
216464 _x_at orphan G protein-coupled receptor GPR44 (GPR44) gene
216817_s_at olfactory receptor, cell line LG2.
209978 _s_at Human plasminogen

206909_at four transmembrane domain protein;

211213 _at C terminal truncation;
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215077 _at

collagen, type III, alpha 1

215774_s_at GTP-specific succinyl-CoA synthetasebeta subunit,
potassium inwardly-rectifying channel, subfamily J, member 4
208359_s_at (KCNJ49),
206466_at very long-chain acyl-CoA synthetase
208220_x_at amelogenin, Y-linked (AMELY)
216307_at diacylglycerol kinase beta 90k
207747 _s_at docking protein 4 (DOK4)
219815_at galactose-3-O-sulfotransferase 4 (GAL3ST4)
203780_at epithelial V-like antigen 1 (EVA1)
214251 _s_at nuclear mitotic apparatus protein 1
210834_s_at prostaglandin E receptor 3 (subtype EP3)
205234 _at monocarboxylate transporter 4
204400_at embryonal Fyn-associated substrate (EFS), transcript variant 1
203838_s_at activated Cdc42-associated kinase 1
210155 _at myocilin, trabecular meshwork inducible glucocorticoid response
220842 _at Abelson helper integration site (AHI1)
205767 _at epiregulin (EREG)
218694 at ALEXI1 protein (ALEX1), mRNA.
201451 _x_at Ras homolog enriched in brain
210000_s_at suppressor of cytokine signaling 1 (SOCS1)
219414 _at calsyntenin 2 (CLSTN2)
220771 _at melanoma antigen (LOC51152)
217524 x_at phosphodiesterase 6A, cGMP-specific, rod, alpha
210194 _at phospholipase A2 receptor 1, 180kDa
202563 _at chromosome 14 open reading frame 1 (Cl4orfl), mRNA.
218541 s _at chromosome 8 open reading frame 4 (C8orf4)
207928 _s_at glycine receptor, alpha 3 (GLRA3)
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4.3.7 Data interpretation using Gene Ontology (GO)

One of the most important tools for the representation and processing of information about
gene products and functions is the Gene Ontology (GO). The GO Consortium is a joint
project of three model organism databases: FlyBase, Mouse Genome Informatics (MGI)
and the Saccharomyces Genome Database (SGD). The goal of the Consortium is to
produce a structured, precisely defined, common, controlled vocabulary for describing the
roles of genes and gene products in any organism (Harris et al. 2005;Boyle et al. 2004).
GeneSpring software has ability to auto accesses to the Gene Ontology databases. Gene
Ontology stores a dynamic controlled vocabulary organized on molecular function, cellular
component, and biological process that can be applied to all organisms.

Molecular function describes activities, such as catalytic or binding activities, at the
molecular level. GO molecular function terms represent activities rather than the entities
(molecules or complexes) that perform the actions, and do not specify where or when, or in
what context, the action takes place. The cellular component attributes were used to search
for genes that were either extracellular (secreted) or transmembrane molecules as potential
biomarkers. A biological process is accomplished by one or more ordered assemblies of
molecular functions. Examples of broad biological process terms are cell growth and
maintenance or signal transduction (Ashburner et al 2000;lomax 2005).

In this study we ran GO to extract the information and biological characteristics common to
groups of genes of interest. We ran the GO analysis on this data set using two criteria,
either an increase (fold change = 2 and p < 0.05) or decrease (fold change = 2 and p < 0.05)
in gene expression after 1 hour treatment. We used this analysis for demonstration because
of the large number of differences in gene expression observed in the list. The proportion
of genes in the oligonucleotide array data that link to GO terms was increased as more GO
terms and gene associations were added.

Table 4.4 shows the list of biological process, cell component and molecular function terms
significantly increased and decreased at the one hour time point. The list shows GO of 122
genes found to be 2 fold higher or lower after PC020702 and CT32228 treatment for 1 hour
in both NB4 and NB4:R2 cells. GO terms that had P value more than 0.05 were removed
from the list.
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Using the criterion for a significantly increased gene-expression change, GO analysis
primarily identified GO terms involved in the cell membrane. Notable GO terms include
the cell component “integral membrane” (12.3% of 122 genes, P-value 0.004) and “nuclear
membrane and voltage-gated potassium channel complex” (each 1.6% of 122 genes, P-
value 0.008 and 0.046 respectively).

GO terms include biological processes “G-protein coupled receptor protein signalling
pathway” (4.9% of 122 genes, P-value 0.01) and “transcription DNA-dependent, cell death,
regulation of cell growth, proton transport and cell differentiation” (each 1.6% of 122 genes
P-value 0.001, 0.007, 0.025, 0.039 and 0.044 respectively). The GO terms included
molecular function “function prostaglandin E receptor activity and legend-dependent
nuclear receptor activity” (each 1.6% of 122 genes, P-value 0.00158 and 0.00339
respectively) (Table 4.4).
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transcription, DNA-dependent 2 0.00104
cell death 2 0.00758
G-protein coupled receptor protein signaling pathway 6 0.0104
morphogenesis 1 0.0109
polysaccharide metabolism 1 0.0163
response to biotic stimulus 1 0.0163
FADH2 metabolism 1 0.0217
NADPH metabolism 1 0.0217
odoniogenesis i 0.0217
regulation of cell growth 2 0.0253
bone mineralization 1 0.0271
enzyme linked receptor protein signaling pathway 1 0.0271
moenocarboxylic acid transport i 0.0324
negative regulation of blood coagulation 1 0.0324
proton transport 2 0.039
cell differentiation £ 0.0441
B-cell activation 1 0.0482

integral to membrane 15 0.00403
nuclear membrane i 0.00887
cilium 1 0.0163
muscle thin filament tropomyosin I 0.0271
voltage-gated potassium channel complex 2 0.0468
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| prostaglandin E receptor activi ' RN D S 0.00158
ligand-dependent nuclear receptor activity v, 0.00339
reduced folate carrier activity 1 0.0109
Wnt-protein binding activity I 0.0109
glucan 1,4-alpha-glucosidase activity 1 0.0163
gonadotropin-releashg hormene receptor activity 1 0.0163
plasmin activity 1 0.0163
catalytic activity 1 0.0217
epidermal growth factor receptor ligand activity 1 0.0217
superoxide-generating NADPH oxidase activity 1 0.0217

voltage-gated proton channel activity 1 0.0217
interleukin receptor activity 1 0.0271
structural constituent of tooth enamel | 0.0271
thrombin activity P N 0.0271

Table 4.4 Gene ontclogy list of 122 genes. The GO include biological processes, cell

components and molecular function of 2 fold higher or lower of 122 common genes
expressed after PC2 and CT8 treatment for 1 hour in both NB4 and NB4:R2 ceils. The list

contains a significant increase and decrease GO data (P-value < 0.05).
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4.4 Validation of expression of selected genes

Despite to these differences in genes expression, there were some genes found to have 2
fold changes in expression or more linked to the apoptosis and cell cycle progression. The
genes selected from the data obtained were caspase5 and Cdc2. These two genes were
found either higher or lower in both cell lines after LPAAT-B inhibitors (active form).

These two genes were selected for validation by real-time PCR and Northern blot.

4.4.1 Real-time PCR

A big advantage of this approach is quantitation of the initial amounts of target sequence in
contrast to the other methods which detect the final amount of the amplified product. The
unique part of this system is the use of fluorescent dye (SYBR Green I) which emits signals
increasing in a direct proportion to the PCR product during each cycle. In order for the
method to be precise, the quantitative data is collected in the exponential phase of
amplification when a reaction proceeds at a constant rate and the first significant increase
in the amount of PCR product is observed. The DNA specific dye SYBR Green binds to
double stranded DNA and upon excitation emits light. During the elongation step an
increasing amount of dye binds to DNA (Figure 4.6). After binding, its fluorescence
increases over 100-fold. Fluorescence is measured at the end of the elongation step of every
PCR cycle and thus product accumulation is monitored. This method has however one
disadvantage; the dye binds to double stranded DNA of any origin, including primer dimer
and nonspecific products. Therefore a precise optimization of PCR conditions is of major

importance.
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Figure 4.6 A diagram demonstrating one PCR cycle of the SYBR Green I dye in real-time

CR.

e,

4.4.2 RT-PCR experimental preparation

The optimized PCR (as prepared in material and method section 2.6.2.3) was run on
DNA for standards, they were used as templates to optimize MgCl; concentration. The
MgCl, concentration was used subsequently with the samples. In RT-PCR each gene was

optimized with MgClz concentration range from 2 to 5 mM. Finally, samples RTs were run

ecause it is considered a stable housekeeping gene. The mean Si4

concentration was deiermined once for each cDNA sample and used to normalize all other
genes tested from the same cDNA sample. Figure 4.10 shows the image displayed for
quantification analysis. After the run was completed, a graphical displayed of fluorescence

vs. cycle number was prepared (Figure 4.7).
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Figure 4.7 RT-PCR graphic displayed by Light Cycler data analysis. The top f'igure

illustrates the run data as temperature vs. time graph. Each peak shows a cycle of differen
sample. The final step of run, a melting temperature (T,,) figure was displayed (the slope

line). The lower figure represents fluorescence accumulation during the different cycles.

4.4.3 Melting curves analysis (T,,)

PCR products were analyzed by using the LightCycler melting curve analysis. The melting

curve process involves the continuous acquisition of fluorescence as the temperature is
y increased from 40 to 95°C. The melting temperature (T ) can be used to determine
the specificities of the PCR products. The presence of two products or primer dimer in the

sample causes the probe to separate at a different temperature from the product of interest.

7

Recently some paper mentioned that Agarose gel electrophoresis or melting curve analysi

v
d

; measure PCR specificity. The combination of both can always
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Figure 4.8. A melting curve and gel picture of Caspase-5 and cdc2. A figure (A) upper
right showing a window melting curve for Caspase-5 displayed by lightCycler software and
lower right post PCR product after run on agarose gel. A figure (B) is for Cdc2. Note the

sharp narrow peaks (Upper window) and single sharp bands of the correct size for caspase5

(234bp) and Cdc2 (154bp).
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4.4.4 Real-time quantitative PCR

A typical amplification curve of PCR can be divided into three phases. The first is the
background phase, which lasts until the signal of the amplified product exceeds the
background signal. The second is the exponential growth phase (the log phase), which
finally ends in the plateau phase. The amount of product can be determined from the log
phase. The log phase begins when sufficient product has accumulated to be detected above
background, and ends where the reaction enters the plateau phase and the reaction
efficiency falls.

For data analysis, we followed the recommendations provided by the manufacturer of the
detection system. Data are produced as sigmoidal-shaped amplification plots (when using a
linear scale), in which the fluorescence is plotted against the number of cycles.

There are two different methods of calculating crossing points: the fit point and the second
derivative maximum method. The second method was used in quantification of
differentially expressed gene by real-time PCR.

The second derivative maximum method is defined as the point at which the maximal
increase of fluorescence within the maximum log-linear phase takes place, it is calculated
by determining the second method: derivative maxima of the amplification curves. The
software calculates at which cycle number this point is reached. Unlike the Fit Point
method, the second derivative maximum method does not require defining the log linear
segment of each curve, nor does it require setting a noise band. Also, we found this method

to consistently produce reproducible results (Figure 4.9).
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Figure 4.9 A window displayed during quantification. The screen displayed during
quantification analysis. After selection of baseline and method of analysis the software
displays a curve of fluorescence vs. cycle number. Five standard curves used for every
experiment and they were prepared so their concentrations would cover the entire range of
the sample concentration. On the left hand side, the screen shows standard “concentratior
and sample” labels together with the calculated concentration of all samples. On the right
hand side top, the screen displays the analysis of the samples and standard. The right

bottom shows the standard curve. All standards/samples were done in duplicates and



4.4.5 Veriiication of Caspase-S expression

The expression of two genes was selected from gene list (Appendix 2.2) that were found 2
fold over expressed after PC2 and CT8 in both NB4 and NB4

cells. Caspase-3 one of the gene was subjected for validation with real-time PCR and
Northern blotting. Caspase-5 expression was validated with real-time PCR that showed
similar expression with normalized oligonucleotide array. Figure
gene expression in NB4 and NB4:R2 cells after treatment with LP

expression in our cell line captured by GeneSpring software. The figure shows an

overexpression of caspase-5 after treatment with PC2 and CT8 active form in both NB4
and NB4:R2. The expression of caspase-5 by PC2 is more sensitive to NB4 than NB4:R2

cells, while CT8 shows an equal caspase-5 expression in both cell lines. The expression of
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Figure 4.10 Caspase-5 gene expression in NB4 and NB4:R2 cells after treatmeit wit

h
LPAAT-pB inhibitors for 1 hour. Figure shows a graphical representation of adjusted

caspase-5 with PC1 (inactive) was down regulated in NB4 while over expressed in

pture from GeneSpring software.
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Figure 4.11 shows real time PCR of normalized caspase-5 and normalized oligonucleotide
array. The figure represents similar caspase-5 gene expression in both techniques (Figure
4.11).

Lin et al found that caspase S (in high salt), 4, and 1 cleaved pro-caspase-3 with equivalent
efficiencies. This was not the case with pro-IL-1P as substrate, because caspase-1 cleaved
pro-IL-1p efficiently, caspase-4 cleaved pro-IL-1B weakly, and caspase-5 had virtually no
activity on this substrate (Lin et al. 2000). Although caspases 4 and 5 induced apoptosis
when over expressed in cells (Faucheu et al. 1995;Faucheu et al. 1996c;Munday et al.
1995) there is no evidence that they play crucial roles in apoptosis, as do, for example,
caspases 3, 8, and 9 (Wolf & Green 1999)
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Normalized Normalized
NB4 oligonucleotide array Real-time PCR
Untreated 1 0.081+0.01
PC1 (inactive) 0.172 0.04+0.01
PC2 (active) 1.497 0.165+0.015
CT8 (active) 1.541 0.178+0.014
NB4:R2
Untreated 1 0.062+0.007
PC1 (inactive 1.866 0.83+0.0034
PC2 (active) 1.164 0.25+0.007
CT8 (active) 1.77 0.95+0.025

Figure 4.11 Normalized Caspase-5 expression by oligonucleotide array (A) and real-time.

PCR (¢) in NB4 and NB4:R2. Oligonucleotide array data obtained form duplicate analysis

where real-time PCR data was performed at three independent experiment + SD. The real-

time PCR samples were normalized by S14 house keeping gene.
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4.4.6 Verification of Cdc2

The other gene subjected to validation was Cdc2. The key cell-cycle regulator cyclin-
dependent kinase Cdk 1 (also known as Cdc2) belongs to a family of cyclin-dependent
kinases (Cdk) in higher eukaryotes. Cdc2 forms a complex with Cyclin B. Phosphorylation
of Cdc2 at tyrosine and threonine inhibits its activity thus causing G, arrest. Once Cdc2
becomes activated, by dephosphorylation via Cdc25 phosphatases, the cell can progress into
M phase (Gotoh et al. 2001;Masui 1992). Furthermore, cyclin B and cdc2 are also
apoptotic regulators. Apoptosis occurs in response to DNA damage during haematopoiesis
and lymphopoiesis (King & Cidlowski 1995). The figure (4.12) shows a graphical
representation of adjusted intensities of Cdc2 gene expression in our cell line captured by
GeneSpring software. NB4 cells show an overexpression of Cdc2 gene after treatment with
CT8 active. The expression of Cdc2 by PC2 is more sensitive in NB4:R2 than NB4 cells,
while CT8 shows an equal Cdc2 expression in both cell lines. The expression of Cdc2 with

PC1 (inactive) was down regulated in NB4 while over expressed in NB4:R2 (Figure 4.12).
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Figure 4.12 Cdc2 gene expression in NB4 and NB4:R2 cells after treatment with
LPAAT-B inhibitors for 1 hour. Figure (A) top shows a graphical representation of
adjusted intensities of Cdc2 gene expression in our cell line. Note over expression of Cdc2
after treatment with CT8 active form in both NB4 and NB4:R2. The expression of Cdc2
with PC1 (inactive) was down regulated in NB4 while over expressed in NB4:R2. The

figure is an image capture from GeneSpring software.
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Cdc2 expression was validated with real-time PCR that showed similar expression with

normalized oligonucleotide array (Figure 4.13).
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o PCt _pc2 CT 0 -~

o4 R? = 0.7952 NB4:R2 Re =0.8011
Normalized Normalized
NB4 oligonucleotide array Real-time PCR

Untreated 0.999 0.178+0.014

PC1 (inactive) 1.048 0.185+0.013

PC2 (active) 0.912 0.193+0.036

CTS8 (active) 1.167 0.205+0.012
NB4-R2

Untreated 0.99 0.105+0.025

PCI1 (inactive) 1.237 0.293+0.015

PC2 (active) 1.147 0.145+0.031

CTS8 (active) 1.191 0.190+0.026

Figure 4.13 Normalized Cdc2 expression by oligonucleotide array (A) and real-time PCR
(=) in NB4 and NB4:R2. Oligonucleotide array data obtained form duplicate analysis where
real-time PCR data was performed at three independent experiment + SD. The real-time

PCR samples were normalized by S14 house keeping gene.
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4.4.7 Caspase-5 verification by Northern blot. .

L

Northern blots were performed according to standard procedures as mentioned in material
and method section (2.7). For caspase-5, complete cDNA was used as probes. To assess the
relative amounts of RNA loaded into each lane, the same filter was stripped and hybridized
with a PCR product for B-actin genes that remain essentially constant among samples.
Hybridized filters were exposed sequentially to x-ray films. Figure 4.14 shows verification
of caspase-5 gene expression by Northern blotting. The top figure as mentioned earlier
represents gene intensity captured by GeneSpring software. The lower figure (B) shows the
Northern blotting of caspase-5 expression. Caspase-5 expression in NB4 was up regulated
at 1 hour after PC020702 (PC2) treatment; the expression was more clearly upregulated
with PC2 compared with CT32228 (CT8). The expression of caspase-5 with northern
blotting was similar to the data for real-time PCR.

The effect of inhibitors on NB4:R2 cell was more toxic and induced caspase-5 activation
even by inactive form PC020701 (PC1),. CT8 and PC2 showed similar effect on NB4:R2
cells compared with untreated cells (Figure 4.14).
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The densitometry of the caspase 5 and CDC2 gene expression was quantitated using
UVITec instrument (UVI Tec limited, UK). Caspase5 and CDC2 bands were analysed by
UVIDOC software. The molecular weight of each band was measured according to the
manufacture’s instruction. We proposed caspase5 gene expression of untreated be
designated as 1%. The densitometry of caspaseS in treated cells was calculated by the

following formula:
Caspase5 gene expression = molecular weight of treated/molecular weight of untreated

However, the densitometry of caspase5 band of Northern blot demonstrated that caspase5
was not down regulated after PC1 treatment in NB4 cell which is different from the
oligonucleotide array and real time PCR data. Also the densitometry shows no significant
differences between untreated and treated cells in both NB4 and NB4:R2. this is may be
because the Northern blot technique is less sensitive than Real time analysis (Figure 4.15).
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Figure 4.15: Caspase5 gene expression densitometry in NB4 and NB4:R2. Caspase 5 band
of Northern blot were quantitated using UVIDOC software.
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all inhibitors for Cdc2 compared with untreated. This may suggest that Cdc2 expression act
different in NB4 than NB4:R2 cells afier LPAAT-P inhibitors treatment (Figure 4.16).
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The densitometry analysis of Northern blotting analysis showed no significant changes
between untreated and LPAAT inhibitor treatment in NB4 and NB4:R2, which may
indicate that Cdc2 was not affected by the drug which is inconsistent with oligonucleotide
array and real time PCR (Figure 4.17).
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Figure 4.17: CDC2 gene expression densitometry in NB4 and NB4:R2. Cdc2 band of
Northern blot were quantitated using UVIDOC software.
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4.5 Discussion
In this study, oligonucleotide microarrays were used to provide information on the gene

expression in NB4 and NB4:R2 cells after LPAAT-B inhibitor treatment. Information
obtained from this analysis will aid in identifying genes regulated by LPAAT-B inhibitors
and may provide insight in the identification of signalling pathways activated or inhibited
in these cells.

It is important to note that the analysis was done after 1 hour of treatment to LPAAT-
inhibitors. Therefore the genes analyzed were differentially regulated at that time. To date
no literature has reviewed gene expression or analysis by microarray after LPAAT-
inhibitor treatment.

The Gene Ontology (GO) analysis showed that when compared to the untreated, the NB4
and NB4:R2 cells after LPAAT-P inhibitor treatment, the differentially expressed genes
were over-represented in the GO groups of of “cell membrane integration” and “G-protein
coupled receptor protein signalling pathway”.

Examination of the up and down regulated gene list (Table 4.2 & 4.3) also showed that
genes related to cell membrane function or receptors were present. These may have a role
in cell signalling, membrane fission activity or Ca+ release and may have been directly or
indirectly effect by LPAAT-B inhibitors or phosphatidic acid (the end product of the
enzyme activity). The expression of these genes may also suggest more complicated
pathways in which these inhibitors may act. Unexpectedly we did not observe genes
related to apoptosis, cell cycle and /or cell signalling especially those related to cell
proliferation and apoptosis. These may be due to inhibitors after only 1 hour of induction at
250 nM being insufficient to trigger cell cycle or apoptosis pathways. Also we expected to
see activation of the genes related to raf/fras/Erk and PI3K/Akt/mTOR pathways
particularly as phosphotadic acid has a direct activation effect on to these two pathways,
which is discussed in more detail in chapter 6.

Here we are going to discuss some of the selected genes that we found had a relation to
LPAAT-B enzyme and phosphatidic acid. From the table 4.2 and 4.3, adaptor-related
protein complex AP-4 epsilon is localized to approximately 10-20 discrete dots in the
perinuclear region of the cell, AP-4 functions as a vesicle coat component in different

membrane traffic pathways (Hirst et al. 1999). The association of AP-4 with membranes is

128



regulated by the small GTPase. GTPase have been found to play a role in vesicle coat
fission that is very important in endocytosis. No evidence was found for involvement of
LPAAT in vesicle formation. However, Endophilin I which found have LPAAT activity, is
more likely to be involved in fission formation (Schmidt et al. 1999). It seems more likely
that direct insertion of LPAAT into the bilayer would have more dramatic consequences on
membrane properties.

The second gene found over to be expressed, Docking protein 4 (DOK4). 1t is substrates of
tyrosine kinases and function in the recruitment and assembly of specific signal
transduction molecules. Cai at el recently reported DOK4 maintaining in vivo metabolic
homeostasis, insulin binds and activates insulin receptors present on insulin-responsive
cells (Cai et al. 2003). No literature has reported of a relation of this gene with LPAAT-$
enzyme activity or phosphatidic acid.

Sarco-/endoplasmic reticulum Ca-ATPase 3 (47P2A43) is alternatively spliced transcripts of
the human sarcoplasmic (or endoplasmic) reticulum Ca®*-ATPase (SERCA3) gene.
SERCA3 was found to be involved in pumping of Ca®* into the endoplasmic reticulum
(ER). Cell Ca?* signalling is a dynamic process regulating a variety of important cellular
functions such as secretion, contraction, metabolism, neuronal plasticity, and gene
transcription (Berridge et al. 2000). (SERCA)-3 have been implicated in the possible
dysregulation of Ca®* homeostasis that accompanies the pathology of hypertension and
diabetes.

Protocadherin 8 (PCDHS) is a gene belonging to the protocadherin gene family, a
subfamily of the cadherin superfamily. The gene encodes an integral membrane protein that
is thought to function in calcium dependent cell-cell adhesion.

One of the genes belonging to apoptosis pathways was found to be down regulated,
Pp53AIPI gene, a novel target for the pS3 tumour suppressor, generates three transcripts (a,
B, and y) by alternative splicing, encoding peptides of 124, 86, and 108 amino acids,
respectively. Because p53AIPla and pS3AIP1f are localized at mitochondria, they are
likely to regulate mitochondrial membrane potential. Expression of this gene is inducible
by phosphorylated p53 in response to severe DNA damage, and evidence gathered to date
suggests that p53AIP1 is essential for p53-dependent apoptosis to occur (Oda et al. 2000).
Matsuda et al reported that pS3AIP1 can induce apoptosis of various cancer cells regardless
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of their pS3 status, which means pS3AIP1 triggers apoptosis directly (Matsuda et al.
2002).Cell-cycle arrest and induction of apoptosis generally have been considered the two
most important functions of the pS3 gene product (Levine 1997). Coon et al 2003 found
that most tumour cell lines arrest and die by apoptosis irrespective of their p53 status,
suggesting that p53-dependent G, checkpoint mechanisms are largely unaffected by
LPAAT-B inhibition (Coon et al. 2003). Here we found that the gene is down regulated in
both cell lines which indicate that the inhibitors did not affect the p53 status. As the over
expression of such gene triggers p53 induces apoptosis.

An other gene found down regulated belongs to Suppressor of cytokine signalling (SOCS)
1. It was initially identified as an intracellular negative feedback regulator of the JAK-
STAT signal pathway. Recently, it has been suggested that SOCS! affects signals of
growth factors and hormones (Starr et al. 1997).

In addition, the global gene-expression profile presented by gene ontology shows that the
changes observed were related to cell membrane integration and G-protein coupled
receptor protein signalling pathway, these will be put in the context of other regulatory and
developmental processes such as cell cycle, apoptosis and PI3K signalling which will be
discussed in detail in chapters 5 and 6. This will help in explaining the role of LPAAT-$
inhibitors that may act on these AML cell lines

Nevertheless, the gene intensity data cannot rule out that the caspase-5 activation found in
these cell lines with active PC2 and CT8 may have a functional role in apoptosis because of
the increase expression in NB4 and NB4:R2. Real time PCR results showed an over
expression of caspase-5 compared with untreated in both cell lines. This may also indicate
that caspase-5 may have a role in cell apoptosis. In all cases, the real-time PCR confirmed
the oligonucleotide array results indicating up-regulation by LPAAT-B inhibitors (PC2 and
CT38) in NB4. As shown in Fig. 4.11, Caspase-5 followed a similar pattern of expression to
that of the known target gene. However, Northern blotting analysis showed different
expression of caspase5 after PC1 treatment in NB4 cell from that of oligonucleotide array
and real time PCR.

Caspase-5 is closely related to caspase-1 and is a constituent of the caspase-1-like
subfamily (Faucheu et al. 1996b). Like caspase-1, caspase-4 and caspase-5 both cleave pro-

caspase-3 to its active form, caspase-3 (Kamada et al. 2005). Further, caspase-4 and
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caspase-3 are processed after Fas stimulation and can trigger the cell to apoptose (Kamada
etal. 1997).

The other gene subjected for validation was Cdc2 a cell cycle regulator. The
oligonucleotide microarray results showed the Cdc2 in NB4 were insignificant over
expressed by CT8 and insignificant down regulated expression by PC2. The case was
different with NB4:R2, Cdc2 was over expressed following treatment with all inhibitors
active and inactive. Cdc2 gene expression was further validated with real time PCR and
northern blotting. Cdc2 was insignificantly upregulated by PC2 and CT8 compared with
untreated cell in NB4 and NB4:R2.

Previous studies have reported that Cdc2 was hypophosphorylated at protein level
following treatment with LPAAT-B inhibitors in many cell lines tested. Coon at el (2003)
indicated that Cdc2 was hypophosphorylated following treatment with CT32228 at 300 nM
for 18 hours in HL60, Daudi (Burkitt’s lymphoma), IM-9 (Lymphoblastoid) and Jurkat (T-
cell leukaemia) cells (Coon et al. 2003). Recently, Hideshima at el found that Cdc2 was
down regulated in Multiple Myloma resistant cell line (DHL-4) after treatment with
LPAAT-B inhibitor (CT-32615) at 200 nM for 12, 24, 36 and 48 hours (Hideshima et al.
2005). The analyses of Cdc2 in these articles were at the protein level. These results were
unexpected as the cells were blocked at the G2/M phase in cell cycle analysis.

Our gene analysis results would suggest that caspase-5 may have an effect on apoptosis, as
LPAAT-B inhibitors may initially induce caspase-5 gene activation. However, real time
PCR and northern blotting analysis show that Cdc2 could not be triggered at 1 hour of
treatment which is inconsistent with the gene array data, this may be due to either the lower
level of significance in the gene arrays studies or due to the relative sensitivities of the
different assays.

The next chapter we are going to discuss in detail the effect of LPAAT- inhibitors on cell

cycle and apoptosis using flow cytometry and western blotting techniques.
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CHAPTER 5

The effect of LPAAT-B inhibitors on Apoptosis
and Cell cycle
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5.1 Introduction
The last two chapters (3 and 4) have examined the effect of LPAAT-B inhibitors on AML

cell line LPAAT-B enzyme activity and gene expression respectively. The enzyme activity
was measured using rﬁdioenzymatic assay. The PC020702 was found to significantly and
insignificantly inhibited enzyme activity after 24 hours and 1 hour respectively. Genes
differentially expressed were analyzed by oligonucleiotide array (Affymetrix System)., The
gene ontology data showed most of the genes expressed were integrated to cell membrane,
G coupled protein pathways, prostaglandin E receptor, and nuclear membrane. Despite to
these result, we found caspase-5 was significantly upregulated with active form PC2 and
CTs.

Apoptosis is a genetically controlled, energy-dependent process which removes unwanted
cells from the body. Because of its orderly progression, apoptosis is also known as
programmed cell death or cell suicide. Once initiated, apoptosis is characterized by a series
of biochemical and morphological changes involving the cytoplasm, nucleus and cell
membrane. Cytoplasmic changes include cytoskeletal disruption, cytoplasmic shrinkage
and condensation; prominent changes in the nucleus include peripheral chromatin clumping
and inter-nucleosomal DNA cleavage (DNA ladder formation); and membrane changes
include the expression of phosphatidylserine on the outer surface of the cell membrane and
blebbing (resulting in the formation of cell membrane-bound vesicles or apoptotic bodies).
These events allow the cell to digest and package itself into membrane-bound packets
containing autodigested cytoplasm and DNA, which can then be easily absorbed by
adjacent cells or phagocytes (Darzynkiewicz 1995;Leist & Nicotera 1997;0sborne 1996).
Caspases, a family of proteases, are a central part of the apoptotic machinery (Thornberry
& Lazebnik 1998). Caspases are expressed as precursors that are activated in a cascade
following a proapoptotic stimulus. This cascade begins with autocatalytic activation of
initiator caspases, which process and activate the effecter caspases that, in turn, disassemble
a cell. Each initiator caspase mediates a subset of proapoptotic signals. Caspase-3 cleavage
is a hallmark of apoptosis triggered by many proapoptotic caspases one of which is
caspase-9. The caspase-9 bound to the apoptosome is able to efficiently cleave and activate
downstream executioner caspases such as caspase-3 (Rodriguez & Lazebnik 1999). These

executioner caspases subsequently cleave many important intracellular substrates, leading
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to characteristic morphological changes in apoptosis such as chromatin condensation,
nucleosomal DNA fragmentation, nuclear membrane breakdown, externalization of
phosphatidylserine, and formation of apoptotic bodies (Hengartner 2000).

Many therapeutically active anticancer treatments exert their effect by the induction of
apoptosis and necrosis. Several methods exist for the detection of apoptosis using features
of the cell as it undergoes the various stages leading to the death of the cell. One of the
commonest uses of flow cytometry was the detection of annexin V. Understanding of the
basic mechanisms that underlie apoptosis will point to potentially new targets of
therapeutic treatment of diseases that show an imbalance between cell proliferation and cell
loss (Jeong S, et al 2004).

Cell cycle control is a complex process by which cells decide whether to proliferate or to
stay quiescent. Many different proteins are involved in this process. Basically, the engine
that produces cell cycle progression is represented by a family of protein kinases (Sherr &.
Roberts 1995; Morgan 1995). Proliferation is characterized by cells crossing continuously,
and generally in an asynchronous way the different cycle phases. S and G; phase durations
are relatively constant, whereas the duration of G; phase can considerably vary according
to the cell types.

The term 'cell-cycle checkpoint' refers to mechanisms by which the cell actively halts
progression through the cell cycle until it can ensure that an earlier process, such as DNA
replication or mitosis, is complete. There are three main checkpoints involved in
controlling cell cycle progression. Checkpoint 1 drives G, progression and S-phase entry;
checkpoint 2 governs the completion of S-phase and entry into mitosis; checkpoint 3
controls spindle formation and M-phase exit. Generally, checkpoints slow or even stop
definite steps of the cycle, to furnish time for correction of molecular errors. When errors
are excessive, and repair is thus impossible, the cell is eliminated by apoptosis.

This chapter investigates the effects of LPAAT-B inhibitors active (PC020702 and
CT32228) and inactive (PC020701 and CT32212) on the apoptosis and cell cycle of ATRA
sensitive (NB4 and HL60) and resistant (NB4:R2 and HL60-R) cell lines, these biological
events can be assessed by propidium iodide, Annexin V and propidium iodide respectively.

\{/e also examine the effect of LPAAT-B inhibitors on cleaved caspase-3 activity.
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5.2. Material and Methods

The full details of apoptosis, cell cycle and Western blotting analysis were outlined in
chapter 2 (section 2.3.2, 2.3.3 and 2.8 respectively). Here we will give a brief description
of these analyses.

5.2.1 Cell lines and treatment

Four different acute myeloid leukaemia cell lines were used in this study representing
different responses to ATRA. NB4, NB4:R2, HL60 and HL60-R cells were seeded at
2.5x10° cells/ml in RPMI-1640 medium supplemented with 10% FBS. Each cell line was
divided into five flasks, one for untreated (control) and four for treated (test). The four tests
flasks were treated for 24 hours with 25 nM of LPAAT-B inhibitors (two with inactive
form and two with active form). All five flasks for each cell line were gassed and incubated
at 37°C and 5% CO,. These treatment strategies were applied on Annexin V and cell cycle
analysis.

The treatment strategy for Cleaved caspase-3 analysis was different from cell cycle and
annnexin V analysis. NB4 and NB4:R2 cell lines were used in this analysis. Each cell line
was divided into six flasks, one for untreated (control) and five for treated (test). The five
tests flasks were treated for 3, 6, 9, 12 and 24 hours with 25 nM of LPAAT-$ inhibitor
(active form only (PC020702)). All six flasks for each cell line were gassed and incubated
at 37°C and 5% CO,.

5.2.2 Annexin V-FITC:

The cells were treated as necessary with inhibitors and at the day of labelling, 1 x 10° cells
were harvested and washed twice with PBS, then cells were resuspend in 100 ul of binding
buffer, after which 5ul (1pg/ml) Annexin V-FITC and 5ul of PI were added to the cells,
cells were incubated for 15 minutes at room temperature. Finally cells were resuspended in
400ul1 binding buffer. The sample was analyzed by Flow cytometry.

5.2.3 Propidium Iodide procedure:

One millions cells were harvested and washed in PBS by centrifugation. Cells were
resuspended in 200pul PBS, and 400ul ice-cold 70% ethanol in PBS was added. They were
léﬁ on ice for 30 minutes (or overnight) after which they were harvested by centrifugation.

Then they were washed twice and resuspended in 100ul of cocktail (1 x PBS, 100pg/ml
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RNase and 50pug/ml of propidium iodide). The mixture was incubated at 37 °C for 30
minutes protected from light. The samples were analyzed within 1 hour by flow cytometry.
Data was analyzed by WinMDI programme and Cyclcherd software (details data analysis
and gating strategy were found in section 2.4.2).

S.2.4 Immunoblotting

NB4 and NB4:R2 cells were cultured in the presence or absence of PC020702 inhibitors
and then harvested, washed, and lysed. Cells were lysed with lysis buffer 20mM Tris(pH
8.0), 150 mM NaCl, 2mM EDTA, 1% NP40). The protein content of theses cell lysate was
determined using the Bio-Red protein assay kit. Each extract (20 ug protein) was
fractionated by polyacrylamide-SDS gel electrophoresis, and then transferred to PVDF
membrane (Amersham, UK). The membrane was incubated for 1 hour in blocking buffer
TBS/Tween-20 (1xTBS/ 0.1%Tween-20) containing 5% BSA. After having been washed 3
times with 0.1% Tween 20 in TBS, the membrane was incubated overnight at 4 °C with
each antibody (anti-cleaved caspase-3 (cleaved 19 and 17 kDa) antibody, anti-caspase-3
(35 kDa) antibody (Cell Signalling Technology, USA), and anti B-actin antibody (Sigma-
aldrich, USA)) in blocking buffer. After 3 washes with the TBS/Tween-20 buffer, the
membrane was incubated for 1 hour at room temperature with anti-rabbit or mouse IgG
antibody linked to Horseradish Peroxidase (Amersham Biosciences, UK). Immunoreactive
proteins were detected by the advanced ECL™ detection system. The membrane was
exposed to Kodak film and protein position was measured compared to magicmark ™ XP
Western protein standards.
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5.3 LPAAT-B inhibitors on programmed cell death

| activation
In order to determine whether the toxicity of the LPAAT-B inhibitors had promoted any

level of apoptosis or had caused an immediate death to AML cell lines. We attempted to
asses an early stage of apoptosis by detecting annexin V in sensitive and resistant cells to
ATRA with induction with an active and inactive form of LPAAT-B inhibitors.

To quantitate the frequency of apoptotic cells, the cultures were incubated with FITC-
labelled annexin V, harvested and analyzed by flow cytometry. Apoptotic cells appeared in
the annexin V +/PI — fraction, whereas dead cells appeared in annexin V+/PI+ fraction.
Viable cells remained negative for both parameters (Benz J & Hofman, A; 1997). A  few
apoptotic cells after 24h culture without induction can be visualized in bivariate annexin V-
FITC/PI analysis using WinMDI programme.

5.3.1 Cells culture and treatment

NB4, NB4:R2, HL60 and HL60-R cells seeded at 2.5x10° cell/ml at day 0. Each cell line
was divided into 5 flasks and were incubated for 24h at concentration 50 nM with CT-
32212 and CT-32228 and 25 nM with PC020701 and PC020702 (Table 5.1).0n the day of

labelling cells were harvested and assessed by the annexin V/PI method.

No. of Flask NB4 NB4:R2 HL60 HL60-R
1 Untreated Untreated Untreated Untreated
2 50 M 50 naM 50 nM 50 nM
CT32212 CT32212 CT32212 CT32212
3 50 tsM 50 nM 50 nM 50 nM
CT32228 CT32228 CT32228 CT32228
4 25nM 25nM 25nM 25nM
PC020701 PC020701 PC020701 PC020701
5 25nM 25nM 25nM 25nM
PC020702 PC020702 PC020702 PC020702

Table 5.1 A summary of treatment of AML cells lines for Annexin V assay
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5.3.2 The effect of LPAAT-f inhibitors on NB4 and NB4:R2 apoptosis

As shown in figure 5.1, the untreated cells (control) of NB4 and NB4:R2 cells are scored
viable due to absence of annexin V-FITC and propidium iodide uptake (lower left quarter
(R1)). The lower right quarter (R3) represents apoptotic cells which still showed an intact
cytoplasmic membrane, as indicated by annexin V staining only. The upper right quarter
(R2) shows the dead cells (necrotic cells), as indicated by dual staining of annexin V- FITC
and PI uptake. NB4 and NB4:R2 cells after 24h induction of inactive form CT-32212 and
PC020701 (designated by CT12 and PC1 respectively) showed no increase in the number
of apoptotic cells and dead cells compared with the untreated cells (control). However the
active form CT-32228 and PC020702 (designated by CT8 and PC2 respectively) resulted
in an increase in the apoptotic and dead cells compared with both untreated cells and the
inactive form. As mentioned in material and methods (section 2.3.2.3), due to
compensation error the region surrounding the apoptotic cells has been shifted (Figure
5.1).

138



L

Propidum |odde
1

10*

-] &
b 10 3 0*
76.2% Annean V-ITC 11 5%
Untreated
10 16% g4%| |19 10.4%
& 2
uh
1
78.4%
20% 1w (23% ez |26% 16.4% |23% 5%
) ) E) g
3 ® 2
gé %é %é
Ly £ e
3 40 z : "
1 Yor 0 1 10’ ig* 15 ' z- o
[59.5% Annexin V-FTIC 188w [S05% Annexan V-FITC 62.0% Annexn V-FITC ai Anv=on V.FTC 26 4%
CT8 active PC2 active CT3 active PC2 active
NB4 NB4:R2

o
(¢
=
w
<
g
(¢]

Figure 5.1 Induction of apoptosis by LPAAT-f inhibitors. NB4 and NB4:R2

cell/ml for 24h with or without LPAAT-P inhibitors (CT-32212, CT-

~ d o] e e T | § [T ey P e e P | | v | e
32228, PC020701 and PC020702). After 24h cells were resuspended in diluted binding

were added to the cells and incubated for 15 minutes at room temperature in the dark. 400

ul of binding buffer was added and samples analyzed by flow cytometry. Data was

analyzed using WinMDI veer 2.8 software programme. The lower left quadrant (R1) of
each density plot shows viable cell (Annexin V-/PI-). The upper right quadrant (R2) of

lot shows necrotic cells that were {Annexin +/Pi+). The lower right quadrant

Yt
[0¥)]
)



increase in the number of apoptotic cells compared with untreated. CT32228 increased
apoptotic cells from 10% to 19% in NB4 cells. While PC020702 exhibited an increase in
apoptotic cells from 10% (untreated
sensitive to PC2 than CT8 as we can see from increase in the mean percentage value of the

apoptotic cells. (Figure 5.2).
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Figure 5.2 The effect of LPAAT inhibitors on apoptosis of NB4 cells. NB4 cells were
at 2.5 x 10°/ml. The cells were divided into 5 flasks. The first flask was untreated

were treated with 25 nM of PC020701 and PC020702 (inactive and active respectively) of
LPAAT-B inhibitors. The cells were incubated for 24h, then harvested and labelled with

annexin V. The blue bars represent the viable cells, red bars represent the dead cells and

yellow bars represent the apoptotic cells. Data are expressed as mean percentage value
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Figure 5.3 The effect of LPAAT inhibitors on apoptosis of NB4:R2 cells. NB4:R2 cells
were seeded at 2.5 x 10°/ml. The cells were divided into 5 flasks. The first flask was
2

untreated, the second and the third flasks were treated with 50 nM of CT3221

141



ND
o

80 | — —
70
v
=
;ﬂ 60
o
g 50 1
§ @ Viable
g 40 @ Dead
=
| O Apoptotic
s 30 - popiotic
=
20 -
10 - -
0
Untreated CT32212 CT32228% Untreated PC020701
HL60
Figure 5.4 The effect of LPAAT inhibitors on apoptoesis of HL60 cells. HL60 cells were
seeded at 2.5 x 10°/ml. The cells were divided into 5 flasks. The first flask was untreated,
the second and the third flasks were treated with 50 nM of CT32212 and CT32228
(inactive and active respectively) of LPAAT-B inhibitors. The fourth and the fifth flasks
were treated with 25 nM of PC020701 and PC020702 (inactive and active respectively) of
LPAAT-B inhibitors. Details are as given in Figure 5.2
142




L T T - R |
o o O 9O

@ Viable

B Dead

Mean Percentage Value
w
(=]

Apoptotic

[~ ]
(=]

ted CT32 Untreated PC020701 PC020702

(%]
2

Untr:

e
[=!

4]
B3

Figure 5.5 The effect of LPAAT inhibitors on apoptosis of HL60-R cells.
were seeded at 2.5 x 10°/mi. The cells were divided into 5 flasks. The first flask was

untreated, the second and the third flasks were treated with 50 nM of CT32212 an

(=N

A of PCO20701 and PCO020702 (inactive and active

N
W)



L

-actin (Figure 5.6).

Qa o

o

se-3. In a time cour

xperiment

ein N

B4. NB4 cells were cultured with

were then harvested, lysed, and

P~
I



hours. The total caspase-3 showed a decreased in there size as the time increased with
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Figure 5.8 Quantitation of cleaved caspase 3 in NB4 cells. After treatment with

PC020702 at the time indicated NB4 cells were thawed, washed, harvested by
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quantitated using UVIDOC software.
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Figure 5.9 Quantitation of cleaved caspase 3 in NB4:R2 cells. After treatment with
PC020702 at the time indicated NB4:R2 cells were thawed, washed, harvested by
centrifugation and lysed in RIPA buffer. 100 ug of cell lysate was loaded on SDS-PAGE
gel and analyzed by western blotting. The cleaved caspase 3 bands (17 & 19 kDa) were
quantitated using UVIDOC software.
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5.4 LPAAT-B inhibitors on cell cycle progression

The regulation of cell cycle progression is one of the most intensively studied fields in
contemporary cell biology. In a typical animal cell cycle of about 24h, Gy, S, G, and M last
for about 12, 6, 6 and 1 h, respectively. This section shows the effect of LPAAT-B
inhibitors on NB4 and NB4:R2 cell cycle progression. DNA content per cell was
determined using the DNA-binding fluorochrome propidium iodide (PI) and flow
cytometric analysis. PI stained nuclei emit fluorescent light and the FL2 detector of the
flow cytometry was used to analyse the light emitted by stained cells. The fluorescence
signal produced by excitation at 488nm was detected at around 585 nm and the level of
fluorescence obtained is proportional to the amount of bound PI. Using markers to analyse
the distribution of DNA content the percentage of cells in each cell cycle phase Gy/G, S
and G,/M was determined. The flow cvtometric analysis and gating strategy was given in
Section 2.4. Data analysis was performed in WinMDI version 2.8 and Cylchred version
1.0.2 software.

5.4.1 Cell culture and treatment

Cell culture and treatment are as given in Table 5.1.

5.4.2 Cell cycle progression on NB4 and NB4:R2 with LPAAT-B
inhibitors

Figure 5.8 shows typical histogram of cell cycle stained by PI method. The black marker
lines represents different cell cycle phase. The black lines in the figures exhibited different
cell cycle phases during cell proliferation (G1, S and G2/M phase). The Gl Phase
represents to GO/G1 phase where the cells accumulate proteins, grow in size and decide
from exogenous and endogenous signals whether to progress to S phase (for synthesis) or
become arrested. The S phase represents the duplication of cellular DNA content and
synthesis of histones to package the newly synthesized DNA into chromatin. The G2/M
phase represents where G2 is to assure that DNA replication is completed before
chromosome segregation takes place. Finally M phase represents to the G2 period precedes
cell division which takes place during M phase (for mitosis) (Mullner, E et al 1996; Marks,
P et al 1996; Yen, A 1985).
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NB4 and NB4:R2 cells were treated with or without LPAAT-B inhibitors. The histogram

shows no differences in cell cycle progression between untreated and treated with inactive

form PC020701 and CT32212 after 24h of treaiment. Treatment with the active forms of

undergone apoptosis in G2/M and have subsequently reduced this DNA content as a result
of the apoptotic process. However, the data would indicate that these inhibitors do promote

a degree of G2/M arrest (Figure 5.10).
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Figure 5.10 Cell cycle phases of NB4 and NB4:R2 using pidium led (PD)
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Exposure of NB4 cells to active form PC020702 and CT32228 shows a different cell cycl

¢

phase pattern than inactive and untreated cells. Both cell lines started to be arrested at S
phase with siight arrest in G2/M phase as well. PC02G702 at optimal concentration (25 nM)

ceased cellular proliferation of NB4 by increased the percentage of cells at S phase and

G2/M phase reached 38 % and 16% respectively, and decreased cells on G0/G1 phase to
48% after 24 hours. This means that the active forms PC2 and CT8 of LPPAT-B inhibitors
at 25nM and 50nM respectively started to exhibit some inhibitory effect on the cell cycle as

early as 24h. However, the analysis was performed by Cylchred software which cannot
differentiate between cells goes into apoptosis and that arrested in G2/M phase. Therefore
it is literaliy that many events recorded in S phase and Gl are actually cells which have

undergone apoptosis in G2/M phase (Figure 5.11).
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Figure 5.11 Cell cycie phases of NB4 cells after LPAAT-f inhibitor induction using

the propidium iedide method. NB4 cells were treated with and without LPAAT-8

inhibitors for 24h. On the day of Iabﬁllmg, 1-2x10° cells were harvested and fixed in ice

cold ethanol for 30 minutes. After washing, a cocktail of (100 pg/ml Rnase , 50 pg/ml PI

and 1x PBS) was added to samples and incubated at 37°C for 30 minutes. Data are
d

d 2s mean percentace value obtained from at least three independent experiments +
e g
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11% to 15%), and decreased cells on GO/G1 phase (from 55% to 48%) after PC020702
treatment. CT32228 exhibited arrest in G2/M phase (from17% to 19-20%) and S phase

8
(from 30% to 34%) and decreased cells on GO/G1 (from 54% to 48%). NB4:R2 cells
showed very similar response to these event as NB4 cells. The events recorded in S phase

was cells undergone into apoptosis from G2/M phase (Figure 5.12).
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Figure 5.12 Cell cycle phases of NB4:R2 cells after LPAAT-B inhibitor inducticn
using the propidium iodide method. NB4:R2 cells were treated with and without
LPAAT- inhibitors for 24h. On the day of labelling, 1-2x10° cells were harvested and
fixed in ice cold ethanol for 30 minutes. After washing a cocktail (100 pg/ml Rnase , 50
ug/ml Pl and 1x PBS) was added to samples and incubated at 37°C for 30 minutes. Data
are expressed as mean percentage value obtained from at least three independent

experiments + SD.
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The changes in the cell cycle distribution following treatment with 25 nM  and 50 nM

PC020702 and CT32228 respectively followed by a 30 min puise label with PI on 24h. On
day of labelling HL60 cells showed an accumulation of the cells in G2/M phase and no
effect of the inactive form. HL60-R cells showed very similar events as HL60, NB4 and

NB4:R2 after 24h of treatment (Figure 5.13).
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Figure 5.13 Cell cycle phases of HL60 and HL60-R using Propidium lodide (PI)
method. HL60 and HL60-R celis were seeded at 2.5x10° cell/ml for 24h with or without
PAAT-B inhibitors (CT-32212 (CTI12), CT-32228 (CT8), PC020701 (PCl) and
PC020702 (PC2)). The cells were resuspended at concentration of 1-2x10° cells in PBS.
The cells were fixed in ice cold ethanol for at least 30 minutes. Then the cells were washed
with PBS and resuspended in 400 ul. A volume of 160 ul of cocktail (100 pg/ml Rnase , 50
pug/ml PI and 1x PBS) was added to the samples and incubated at 37 °C for 30 minutes.
The samples were analyzed by flow cytometry. The black markers represent to G1 phase,

phase and G2/M phase respectively.
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HL60 cell cycle shows as we expected, an arrest in G2/M phase after 24h of treatment with
the active forms and was accompanied by a reciprocal decrease in the G0/G1 phases. Cell
cycle of HL60 treated with PC020702 at its effective dose (25 nM) started to exhibit some
inhibitory effect on cell cycle after 24 hours i.e., 58% in Go/G; phase, and 8% in G2/M
phase in untreated, and was at 52 % at G¢/G, and 15% at G2/M phase after treatment. Cell
cycle of HL60 treated with CT32228 at its effective dose (50 nM) started to exhibit some
inhibitory effect on cell cycle after 24 hours i.e., 59% in Go/G; phase, and 8% in G2/M
phase in untreated, and reached to 49 % at Go/G; and 19% at G2/M phase after treatment.
As mentioned earlier (section 5.4.2), the analysis of the data was performed by Cylchred
software which cannot differentiate DNA content in the S phase and the actual cells gone to
apoptosis in G2/M phase, therefore a slight accumulation of HL60 cells in S phase were
observed.

This means that the active form of inhibitors is also cell cycle blocking agent, which can

block the cells at G2/M phase and stop the cells from cycling (Figure 5.14).
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Figure 5.14 Cell cycle phases of HL60 cells after LPAAT- inhibitor induction using
the propidium iodide method. HL60 cells were treated with and without LPAAT-f
inhibitors for 24h. On the day of labelling, 1-2x10° cells were harvested and fixed in ice
cold ethanol for 30 minutes. After washing a cocktail (100 pg/ml Rnase , 50 pg/ml PI and
1x PBS) was added to samples and incubated at 37°C for 30 minutes. Data are expressed

as mean percentage value obtained from at least three independent experiments + SD.
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HL60-R cell cycle showed an accumulation in S and G2/M phase similar to HL60, NB4
and NB4:R2 cells. As seen with NB4 and NB4:R2 the inactive form shows no effect on cell

cycle progression in HL60 and HL60-R (Figure 5.15).
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Figure 5.15 Cell cycle phases of HL60-R cells after LPAAT-B inhibitor induction
using the propidium iodide method. HL60-R cells were treated with and without
LPAAT- inhibitors for 24h. Cn the day of labelling, 1-2x10° cells were harvested and
fixed in ice cold ethanol for 30 minutes. After washing a cocktail (100 pg/ml Rnase , 50
ug/ml PI and 1x PBS) was added to samples and incubated at 37°C for 30 minutes. Data
are expressed as mean percentage value obtained from at least three independent

experiments + SD.



5.5 Discussion
This chapter examined the effect of LPAAT-f inhibitors on the apoptosis and cell cycle

arrest on ATRA sensitive and resistance cells after 24h of treatment. The previous chapter
3 indicates that the enzyme activity was inhibited after 24 h and as early as 1 hour. Also the
active form of LPAAT- inhibitors induced antiproliferative effect on AML cell lines at
nanomolar concentration. Chapter 4 examined the affect of LPAAT-f inhibitors on genes
expression after 1h of treatment. There were varied large number of genes expressed which
made the analysis difficult, with unexpressed expected genes related to raf/ras/Erk and
PI3K/Akt/mTOR pathways .However, the Gene Ontology data showed significant
involvement of cell membrane and its receptors genes expression.

This chapter discusses the affect of LPAAT-B inhibitors on cell cycle progression and
apoptosis by probidium iodide and Annexin V-FITC staining along with PI respectively.
Induction of apoptosis is tested also by caspase 3 cleavage using western blotting. The
inactive forms of LPAAT-B inhibitors (PC020701 & CT32212) have no effect in increasing
the proportion of apoptotic cells, with the number of viable and dead cells remaining
almost the same as untreated cells in both ATRA sensitive and resistant cells. The active
form CT32228 and PC020702 caused an increase in apoptotic cells in both NB4 and
NB4:R2 cells compared with untreated cells

HL60 and HL60-R cells were less sensitive to CT8 than PC2 after 24h. We observed that
PC020702 and CT32228 were induced apoptosis by increasing annexin V in both HL60
and HL60-R.

Importantly Western blot data showed that PC020702 triggered activation of cleaved
caspase-3 in a time- and dose-dependent fashion in both NB4 and NB4:R2 cells, NB4:R2
cells triggered cleavage of caspase-3 at a slightly slower rate than NB4 cells.

At cell cycle level, these inhibitors showed cells accumulation at G2/M phase after 24h in
NB4, NB4:R2, HL60 and HL60-R. As mentioned earlier, the Cylchred data analysis
presented in figures (5.11, 5.12, 5.14 and 5.15) suggest an accumulation of cells observed
in S phase and G2/M phase. However, in the treated cell lines, it is latterly that many event
recorded in S phase are actually cells which have undergone apoptosis in G2/M. Therefore,
taking the consideration of the WinMDI analysis presented in figures (5.10 and 5.13)

suggest an accumulation of the cells in G2/M phase.

156



Studies have shown the anti-proliferation activity of LPAAT-B inhibitors to be associated
with a block in the G2/M phase of cell cycle in human myeloid leukaemia cells lines
sensitive or resistant to ATRA. The apoptosis inducing activity of LPAAT-B inhibitors
appear to be via the mitochondria-dependent caspase cascade through activation caspase-3
that results in release of cytochrome c.

In common with our data, Coon et al (2003) reported that treatment with CT32228 resulted
in Caspase-3 activation in many tumour cells tested (including HL60 cells), this was
accompanied by a 24% increase in Annexin V positive cells after 24h. The cell cycle
analysis showed a block in G2/M phase, the data also showed an increase in mitotic index.
Also, treatment of IM-9 cells (lymphoblastoid cells) with 300 nM of CT32228 resulted in
the expression and activation of Type I receptosome complexes by the activation of
Caspase-8. Additionally, Type Il pathways were activated as Bax expression was increased
and Caspase-9 was activated (Coon et al. 2003).

Another report, found that apoptosis was triggered by LPAAT-B inhibitors (CT32615) in
Multiple Myeloma cells (MM) mediated via caspase-3, caspase-7, caspase-8 and poly
(ADP-ribose) polymerase (PARP) cleavage. The cell cycle analysis showed that CT32615
arrested cells at G2/M phase in a dose dependent manner (Hideshima et al. 2003). The
same author, further tested LPAAT-B inhibitor (CT32615) on a resistant DHL-4 multiple
myeloma (resistant to PS-341 (bortezomib, Velcade™)). CT32615 inhibited DHL-4 growth
in a time and dose dependent manner, and without caspase/PARP cleavage activation,
suggesting necrotic responses (Hideshima et al. 2005).

Recently, Pagel et al (2005) reported that LPAAT-B inhibitor (CT32228) alone or in
combination with anti-CD20 monoclonal antibodies (Rituximab) induced caspase-mediated
apoptosis at 50 to 100 nM in up to 90% of non-Hodgkin’s lymphoma cells. The
combination of LPAAT-B inhibitors and Rituximab resulted in a 2-fold increase in
apoptosis compared with either agent alone, using the Annexin V technique (Pagel et al.
2005).

From our study and examining the previous studies, we suggest that LPAAT- inhibitors
activate many signalling pathways that results in activation of type I and type II apoptotic
pathways. The inhibitors were found to induce a necrosis response in some resistant cells.

Previous studies were also found that treatment cells with LPAAT-p inhibitors blocked cell
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progression at G2/M phase. This was consistent with our result, our cells showed an
increase in G2/M phase. These results may suggest that the LPAAT-f inhibitors may act on
central factors that may activates all these signalling pathways. To elucidate these multiple
signalling pathway activations, therefore, in the next chapter we examined the effect of
these inhibitors on phosphatidic acid signalling pathways using western blotting technique.
These pathways are ras/raf/ERK and PI3K/Akt/mTOR pathways.
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CHAPTER 6

The effect of LPAAT-B inhibitors on AML cell
signalling

159



6.1 Introduction
The last two chapters (4 and 5) have examined the effect of LPAAT-B inhibitors on AML

cell lines gene expression and cell cycle and apoptosis respectively. Genes differentially
expressed were analyzed by oligonucleiotide array (Affymetrix System). Most of the genes
expressed were integrated to cell membrane and G coupled protein pathways. Despite the
unexpected result, we found caspase-5 was upregulated with active forms PC2 and CTS.
Chapter 5 discussed cell cycle progression and apoptosis activation in AML cell lines. The
ATRA sensitive and resistant cells were significantly blocked at G2/M phase with PC2 and
CT8. The cells were further entered into apoptosis with increased annexin V+ cells and
caspase-3 expression. It has been suggested that the inhibition of LPAAT-B by small-
molecule inhibitors results in multiple pathways of cell growth being suppressed during
LPAAT-B inhibition, including ras/raf/Erk and mTOR (Bonham et al. 2003;Coon et al.
2003). The suppression of these pathways by inhibitors results in an inhibition of PA
production which acts as a second messenger on these pathways.

PI3 kinase is a lipid kinase that is regulated in response to multiple hematopoietic cytokines
and chemokines. Many of the downstream effects of PI3 kinase are mediated through the
serine-threonine kinase protein kinase B (PKB/Akt)(Coffer & Woodgett 1992). Akt interacts
with a many of downstream effectors, which, in various cell types, lead to regulation of cell
proliferation, cell growth, and cell survival. One of these downstream targets is mTOR
(mammalian target of rapamycin), which regulates both nutrient sensing and protein
translation through phosphorylation of its substrates, p70 S6 kinase and 4EBP-1 (Gingras,
Raught, & Sonenberg 2001). Numerous studies have implicated activation of Akt in
carcinogenesis (Vivanco & Sawyers 2002), and recently report involving primary cells from
patients with AML have shown constitutive activation of the PI3 kinase mediator Akt.
Inhibition of PI3 kinase in a short-term culture system found decreased growth in most AML
samples and was associated with the induction of apoptosis in these cells (Xu et al. 2003).

A known LPAAT enzyme end product is phosphatidic acid (PA) which act as a second
messenger and may play an important role in a number of cell signaling. One of these
implications is an effect on mTOR. PA directly interacted with the domain in mTOR that is
targeted by rapamycin, and this interaction positively correlated with mTOR's ability to

activate downstream effectors (Fang et al. 2001). The phosphorylation/activation of another

160



molecule important for cell survival, Akt, is diminished by the LPAAT-B inhibitors in
vascular smooth muscle (Bonham et al. 2003).

The second pathway, ras/raf/Erk was suggested to be down regulated by LPAAT- inhibitor.
The protein kinase cRaf-1 is one of the main targets of the small GTPase Ras. cRaf-1 is
phosphorylated in serine, threonine and tyrosine residues by specific enzymes, and these
phosphorylation reactions appear to be essential for the activation of the kinase . The idea
that PA is a regulator of the Erk phosphorylation cascade was first proposed by Ghosh et al.
in 1996, who reasoned that, since cRaf-1 must interact with the membrane in order to be
activated, then the interaction with specific phospholipids may contribute significantly to the
stabilization of cRaf-1-membrane complexes (Ghosh & Bell 1997).

It has been suggested that the inhibition of LPAAT-B can down regulate Ras/Raf/Erk and
PI3K/Akt signal transduction pathways. In tumor cells, treatment with CT32228 results in
accumulation of cells in G2/M followed by mitotic catastrophe and apoptosis while most
normal cells simply arrest or become quiescent (Coon, Ball, Pound, Ap, Hollenback,
White, Tulinsky, Bonham, Morrison, Finney, & Singer 2003).

In this chapter we discuses in detail the effect of LPAAT-P inhibitors on the Ras/Raf/Erk and
PI3K/Akt signal transduction pathways in ATRA sensitive and resistant AML cell lines at

protein level using Western blotting.
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6.2 Material and Methods

The full details of Western blotting analysis were found in chapter 2 (section 2.8). Here we

give a brief description of these two analyses.

6.2.1 Cell lines and treatment
NB4 and NB4:R2 cells were seeded at 2.5x10° cells/ml in RPMI-1640 medium

supplemented with 10% FBS. Each cell line was divided into six flasks, one for untreated
(control) and five for treated (test). The five test flasks were treated for 3, 6, 9, 12 and 24
hours with 25 nM of LPAAT-B inhibitor. All six flasks for each cell line were gassed and
incubated at 37°C and 5% CO,.

6.2.2 Immunoblotting
NB4 and NB4:R2 cells were cultured in the presence or absence of PC020702 inhibitor and

then harvested, washed, and lysed. Cells were lysed with lysis buffer (20mM Tris(pH 8.0),
150 mM NaCl, 2mM EDTA, 1% NP40). The protein content of theses cell lysate was
determined using the Bio-Red protein assay kit. Each extract (20 ug protein) was separated
by polyacrylamide-SDS gel electrophoresis, and then transferred to PVDF membrane
(Amersham, UK). The membrane was incubated for 1 hour with blocking buffer
TBS/Tween-20 (1xTBS/ 0.1%Tween-20) containing 5% BSA. After having been washed 3
times with 0.1% Tween 20 in TBS, the membrane was incubated overnight at 4 °C with each
antibody (anti-phospho ERK1/2 (p*/p*) antibody, anti-ERK1/2 antibody, anti-phospho Akt
antibody (S*”®), anti-Akt antibody, anti-phospho mTOR (S****) antibody, anti-mTOR
antibody (Cell Signalling Technology, USA), and anti B-actin antibody (Sigma-aldrich,
USA)) in blocking buffer. After 3 washes with the TBS/Tween-20 buffer, the membrane was
incubated for 1 hour at room temperature with anti-rabbit or mouse IgG antibody linked to
Horseradish Peroxidase (Amersham Biosciences, UK).

Immunoreactive proteins were detected by the advanced ECL™ detection system.
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6.3 Effect of PC020702 on Akt/mTOR Activation

6.3.1 The effect of LPAAT-B inhibitors on Akt/mTOR pathways
Because inhibition of LPAAT-B inhibitors by CT32228 and PC020702 was cytotoxic to

NB4 and NB4:R2 cells, and induced apoptosis by activating annexin V and caspase3, we
wanted to investigate effects on Akt/mTOR survival pathway. In NB4 and NB4:R2,
PC020702 is potently antiproliferative at 25nM (see chapter 3). NB4 and NB4:R2 were
treated with PC020702 (25nM) at 0, 3, 6, 9, 12 and 24 hours. The reason we selected this
pathway was that the PA has been reported to activate mTOR (Ser****) directly and this
interaction was positively correlated with mTOR's ability to activate downstream effectors
(Fang et al. 2001). Therefore the blocking of LPAAT-B will results in PA blocking and

inactivation of mTOR and downstream protein.

6.3.1.1 LPAAT- inhibitors resulted in overexpression of mTOR in NB4 and NB4:R2
When 25nM of PC020702 was added to NB4 cells, the representation phosphorylated

mTOR protein overexpressed over time, starting from 3 hours after the administration. The
expression was further down regulated after 9 hours and upregulated after 12 and 24 hours
(Figure 6.1, upper panel (A)). Expression of total mMTOR in NB4 was upregulated after 3,
6, 12 and 24 hours of treatment (Figure 6.1, middle panel (A)). Variation in phosph-mTOR
expression was not a technical artefact as stripping and re-probing for B-actin showed equal
levels of loading in all lanes.

A similar picture was seen in NB4:R2, phosphorylated-mTOR (Ser***®

) was dramatically
down regulated after 9h and then upregulated after 12 and 24 h (Figure 6.1 (B)).

These figures may indicate that the inhibition of LPAAT-B leading to overexpression of
mTOR by PA rather to downregulated, which may indicate of down regulation of PA was
overcome by another enzyme or molecular pathways. At the same time this indicates that

LPAAT- inhibitors may affect on different pathways other than PA.
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Figure 6.1 mTOR phosphorylation in NB4 and NB4:R2 cells. After treatment with
PC020702 at the time indicated NB4 (A) and NB4:R2 (B) cells were thawed, washed,
harvested by centrifugation and lysed in RIPA buffer. 100 ug of cell lysates were loaded on
SDS-PAGE gel and analyzed by western blotting. Blots were probed with phospho-mTOR
antibody (top panel) and then stripped and re-probed with total mTOR antibody (middle

panel). As a loading control, blots were stripped and re-probed with B-actin (lower panel).
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Phosphorylated mTOR band was quantitated using UVITec instrument (UVI Tec limited,
UK). The instrument has ability to capture an image of Western film, which can be saved
on floppy disc. The images were analyzed by UVIDOC software. The molecular weight of
each band was measured. We proposed the phosphorylated mTOR at 0 time (untreated) be
designated 100 %. The phosphorylated mTOR percentage in treated cells was calculated by
the following formula:

mTOR phosphorylation (%)= (molecular weight of treated/molecular weight of 0 time) x
100.

From the quantitation curve, we observed that an increase in mTOR phosphorylation in
NB4 and NB4:R2 cells after 3 and 6 hours of treatment, mTOR was dephosphorylated after
9 hours and upregulated again after 12 hours, that may indicate that the inhibitor disturb the
PA production, or the inhibitor may directly or indirectly activated other enzymes that act
as a backup for PA production and this was clearly seen after 9 hours of treatment, where
the phosphorylated mTOR was upregulated again after it was dephosphorylated (Figure
6.2).
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Figure 6.2 mTOR phosphorylation in NB4 and NB4:R2 cells. After treatment with
PC020702 at the time indicated, NB4 and NB4:R2 cells were thawed, washed, harvested
by centrifugation and lysed in RIPA buffer. 100 pg of cell lysates were loaded on SDS-
PAGE gel and analyzed by western blotting. The phosphorylated mTOR bands were
quantitated using UVIDOC software. The results show mTOR phosphorylation percentage.
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6.3.2 LPAAT-B inhibitor downregulates Akt in NB4 & NB4:R2
Here we want to investigate whether PA had an affect on PI3K/Akt pathway by detecting

phosphorylated Akt. Pretreatment NB4 with PC020702 attenuated phosphorylation of Akt
(S*7) after 3 hours of induction (Figure 6.3, upper panel (A)). Expression of total AKT in
NB4 cells declined as shown when the blot was stripped and re-probed with antibody for
total Akt protein (Figure 6.3, middle panel (A)). Variation in AKT expression was not a
technical artifact as stripping and re-probing for B-actin showed equal levels of loading in
all lanes. This experiment demonstrated that PC020702 inhibited Akt phosphorylation in
NB4 cells after 3h of treatment, while phosphorylated Akt in NB4:R2 was upregulated
after 3 and 6 hours of treatment and then down regulated after 9 hours. Expression of total
Akt in NB4:R2 was upregulated after 3 and 6 hours of treatment (middle lane (B)). This
was inconsistent with densitometry blots. It is not clear what role PA play in the activation
of Akt. These results suggest that LPAAT- plays a role in the initiation of this signalling
pathway, perhaps by blocking effective receptor internalization or by directly inhibiting

early steps in the pathway (Figure 6.3).
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Figure 6.3 Akt phosphorylation in NB4 and NB4:R2 cells. After treatment with
PC020702 at the time indicated NB4 (A) and NB4:R2 (B) cells were thawed, washed,
harvested by centrifugation and lysed in RIPA buffer. 100 ug of cell lysates were loaded on
SDS-PAGE gel and analyzed by western blotting. Blots were probed with phosphor-Akt
(S*7) antibody (top panel) and then stripped and re-probed with total Akt antibody (middle
panel). As a loading control, blots were stripped and re-probed with B-actin (lower panel).

The symbol M and PC2 represent marker and PC020702 respectively.
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In contrast to phospho-mTOR, phosphorylated Akt was dephosphorylated continuously

after 9 hours in NB4:R2 cells and Akt dephosphorylated in NB4 cells after 3 hours of

ion

with inhibitors caused a 50% inhibition in phoshpo-Akt at 24 hours. Akt dephosphorylated
in NB4 cells started as early as 3 hours of treatment, while phospho-Akt in NB4:R2 cells
was inhibited after 9 hours of treatment. Treatment of NB4:R2 cells with PC020702 (25
nM) resulted in 40% inhibition in phoshpo-Akt after 24 hours. These results may suggest
that LPAAT-f inhibitor had diminished Akt phosphorylation in ATRA sensitive cells faster

than in the resistant cells. Also it suggests the down stream pathway of Akt could be
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Figure 6.4 Akt phosphorylation quantitation in NB4 cells. After treatment with
PC020702 at the times indicated NB4 cells were thawed, washed, harvested by
centrifugation and lysed in RIPA buffer. 160 ug of cell lysa s loaded on SDS-PAGE
gel and analyzed by western blotting. The phosphorylated Akt bands were quantitated
using UVIDOC software. The results show mTOR phosphorylation as a percentage

compared to control.
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Consistent with western blotting data, the immunocytochemistry (ICC) data also showed an
inhibition of phosphor-Akt in both NB4 and NB4:R2 cells after treatment with PC020702
for 96 hours. The data also showed an activation of caspase 3 in both cell lines. The
percentage of positive expression was based on count of 100 cells.

The preparation of paraffin embedded cell suspension from tissue cultures was used for
immunocytochemistry (ICC).

The preparation of paraffin embedded cell suspension blocks were held in Department of
Histopathology, University Hospital of Wales with the help of Dr. Morgan. The material
and methods for preparation of paraffin embedded cell suspension from tissue cultures can
be found in Dr Morgan’s publication. In summary, NB4 and NB4:R2 were seeded at
2.5x10° cells/ml. Each cell line was divided into three flasks. The first flask was untreated.
The second flask treated for 96 hours with 10nM of LPAAT-B inhibitors PC020702. The
third flask treated for 96 hours with 25 nM of LPAAT-P inhibitors PC020702. The paraffin
embedded blocks protocol were performed according to Dr. Morgan’s protocol (Morgan J
M 2001). Then the blocks were sent to Dr. Bonham (Cell Therapeutic Inc, Seattle, USA).
The cells were examined using Immunohistochemistry stain for activated caspase-3 and
phosphorylated Akt. NB4 and NB4:R2 treated for 96 hours resulted in an increase of
activated caspase 3 and decrease in Akt phosphorylation which may indicate that NB4 and
NB4:R2 cell lines undergone apoptosis. Although, Akt dephosphorylation triggered by
LPAAT-B inhibitor (Figure 6.5 and 6.6).

However, NB4:R2 cell western blotting data showed that caspase-3 cleavage (see chapter 5
section 5.3.4) was activated before Akt phosphorylation which downregulated after 6 hours
(figure 6.3 and 6.4) of treatment, while caspase 3 activated after 3 hours. This may
indicates that Akt dephosphorylation is not the pathway responsible for apoptosis in
NB4:R2 cell line. NB4 cells showed similar event as NB4:R2
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Figure 6.5 The expression of caspase-3 and phosho-Akt proteins in NB4. Upper left
figure shows the untreated cells with 20 % activated caspase-3, while with LPAAT-8
inhibitors (PC020702) at 25 nM after 96 hours the activity was increased to 50% (upper
right). Lower left figure shows the untreated cells with > 90% of phosphorylated Akt
expression and after treatment the expression was 70% (Lower right). The percentage of

positive expression was based on count of 100 cells.
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Figure 6.6 The expression of caspase-3 and phosho-Akt proteins in NB4:R2. Upper left
figure shows the untreated cells with 20 % activated caspase-3, while with LPAAT-B
inhibitors (PC020702) at 10 nM and 25 nM after 96 hours, the activity of caspase-3 was
increased to 50% and > 70% respectively (upper middle and right). Lower left figure shows
the untreated cells with > 90% of phosphorylated Akt expression, and after treatment the

expression was decreased to 80% and 70% (Lower middle and right). The percentage of

positive expression was based on count of 100 cells.



6.4 Effect of PC020702 on raf/ERk Activation

We wanted to determine whether PC020702 could block additional signaling pathways in
NB4 and NB4:R2. Many reports have described activation of MAP kinase proteins in
AML. Several reports suggests that the majority of AML blasts may depend on MEK
activation for survival as incubation of the cells with pharmacologic MEK inhibitors leads
to an increase in spontaneous and chemotherapy induced apoptosis (Milella et al.
2001;Towatari et al. 1997).

Translocation of raf from the cytosol to membrane is a necessary step before its activation
and this translocation has been shown to be dependent on PA. We examined the

Ras/Raf/Erk pathway in AML cells to more clearly define LPAAT-P inhibitor function.

6.4.1 LPAAT-B inhibitors on MAP kinase in NB4 and NB4:R2
NB4 and NB4:R2 were treated with PC020702 (25nM) at 0, 3, 6, 12 and 24 hours.

Translocation of raf from the cytosol to membrane was examined by measuring
downstream phosphorylated ERK1 and 2 (P44/42). Pretreatment NB4 and NB4:R2 with
PC020702 at the time indicated did not attenuate phospho-Erk1 / 2. Treatment of NB4 cells
resulted in no changes in MAPK posphorylation, while in NB4:R2 cells there was an
increase in MAPK phosphorylation after treatment (Figure 6.7).
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From the quantitation curve, we observed that phospho-ERK1&2 in NB4 cells was not
changed over time with treatment, while a slight inhibition was observed at 24 hours of
treatment. NB4:R2 cells showed an increase in MAPK phosphrylation. The expected result
of dephosphorylation of raf/fERK by LPAAT- inhibitors was not observed in these cell

o o A e Svea IS —
lines. These results m:

y suggest that the inhibitor had no effect on this pathway in NB4 and
NB4:R2 cells or the PA production was over come by another source, most likel
phospholipase D and diacyleglycerol Kinase enzymes. Alternatively, the action of these

inhibitors relies upon different pathways other than PA pathway. (Figure 6.8).
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6.5 Discussion
PA is relatively unexplored molecule and LPAAT- has not previously been recognized as

a target for AML therapy. Manipulation of the levels of PA, now recognized as an
important regulator of multiple tumour growth function LPAAT-B, may allow for AML
therapy that is effective in shutting down these multiple paths and at the same time inhibits
a gene upon which a tumour has become dependent for survival during its evolution. Such
as among the signalling pathways used in our study was PI3K/Akt/mTOR and
Ras/Raf/MAPK. These two pathways were found had an antiproliferative and apoptotic
role in AML, as well as these pathways, some model systems have been shown to require
PA for activation.

To further probe the role of LPAAT-f in AML cell signalling at the protein level, we used
LPAAT-B inhibitor PC020702. Akt/mTOR was initially described as an oncogene and is
activated by a variety of growth factors through a PI3K dependent pathway. Activation of
Akt is known to deliver a survival signal that inhibits apoptosis induced by growth factor
withdrawal. Activation of Akt ultimately lead to inhibition of caspase activity and
protection from apoptotic cell death (Datta et al. 1997;Dudek et al. 1997). When NB4 and
NB4:R2 cell line were treated with PC020702, mTOR phosphorylation was not inhibited
but Akt phosphorylation is blocked, suggesting that LPAAT-f3 may not be the only source
of PA required for mTOR activation. In other word PLD and DAGK other sources of PA
production act as back-up for PA production. Also it is possible down stream activation of
Akt could be through molecules other than mTOR. It is not clear what role PA plays in the
activation of Akt. However, mTOR has been reported to require PA for its activation. Thus
PA, the end product of LPAAT-3 may not be the substrate which acted on the
PI3K/Akt/mTOR pathway after inhibitor incubation (Table 6.1 & 6.2).
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Ohours | 3 hours 6 hours 9 hours 12 hours | 24 hours
P-mTOR ++ +++ +++ ++ +++ ++
P-Akt +++ ++ + + +

Table 6.1 A summary of the effect of LPAAT-B inhibitor (PC020702) on phosphorylated
mTOR and Akt activation in NB4 cells.

Ohours 3hours 6 hours 9 hours 12 hours | 24 hours
P-mTOR | ++ +++ +++ ++ ++++ +++
P-Akt ++ +++ +++ + + +

Table 6.2 A summary of the effect of LPAAT- inhibitor (PC020702) on phosphorylated
mTOR and Akt activation in NB4:R2 cells.

The recruitment of Raf to membranes in some model systems has been shown to require
PA (Rizzo et al. 2000) and this process is associated with oncogenesis. Activation of Raf
involves two distinct steps; translocation as a multi subunit complex to the membrane
(Wartmann & Davis 1994) followed by its activation by Src and Src-like kinases, Ras, and
perhaps others (Morrison & Cutler 1997). Ras/RaffMAPK pathway is one of the major
pathways involved in the proliferation and apoptosis in AML. We used PC020702 to
investigate the contribution from LPAAT-$ to the PA requirement for Ras/RaffMAPK
recruitment by measure down stream phospho-Erk1/2 (42/44). Erk phosphorylation was not
inhibited by PC020702 in NB4 and NB4:R2 which dose not support the idea that LPAAT-3
exerts an inhibitory effect on Raf signalling via PA (Table 6.3). it is possible of PA is
produced from other enzymes mainly PLD and DAGK contribute in it production.
Alternatively, the action of these inhibitors may take different pathways other than PA
pathway. Thus the antiproliferative action of LPAAT-B inhibitors may affect signalling
pathways other than Ras/RaffMAPK. This will suggests another role for LPAAT-B

inhibitor in inducing antiproliferative and survival in these cell lines.
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Phosph-ERK
0 hours 3hours 6 hours 12 hours |24 hours
NB4 +++ +++ ++ +++ ++
NB4:R2 | ++ ++ +++ +++ +++

Table 6.3 A summary of the effect of LPAAT-B inhibitor (PC020702) on phosphorylated
ERK activation in NB4 and NB4:R2 cells.

Therefore so far our data demonstrated that the original hypothesis of the study that
LPAAT-B inhibitors affect both LPAAT-B enzyme activity and the end product PA that act
as a second messenger in addition to a role in lipid biosynthesis, is not supported. These
will open other pathways LPAAT-B inhibitor may play in the antiproliferative and
apoptotic role in AML. Along with our data and pharmacology of LPAAT-B inhibitors, the
possibility is raised that LPAAT-f inhibitors block LPA signalling pathways and induce
apoptosis but not the PA pathway, this will be discussed in detail in Chapter 7.
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CHAPTER 7

Discussion, Main Findings and future work
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7.1. Discussion

Acute myeloid leukemias are phenotypically characterized by the accumulation of clonal
haematopoietic precursors blocked at specific stages of development. Genetically, they are
associated with chromosomal translocations resulting in the generation of chimeric genes
and fusion proteins, which can be directly or indirectly involved in blocking normal
development. Acute promyelocytic leukemia (APL) is one of the commonest subtypes of
AML and has been of particular interest given that it is a disease for which molecularly
targeted therapies in the form of all-trans-retinoic acid (ATRA) have been successfully
developed, yielding substantial improvement in clinical out come. Relapses and resistance
occurring after a complete remission of APL can develop after a short time of therapy.
Cytotoxic chemotherapy and improvement in supportive care have prolonged survival for
patients with APL. Nevertheless, cytotoxic agents have severe side effects, including a risk
of secondary malignancy and death. Therefore, the research of modern drug development
in oncology will result from specific targeting of molecular alterations that occur during
tumorigenesis. One strategy is to identify and inhibit enzyme(s) that produce cofactors
critical to signaling and/or survival pathways specific to neoplastic cells.

We have investigated whether LPAAT- is a valid target for AML therapy. First, LPAAT-
B catalyses the transfer of acyl groups to lysophosphatidic acid (LPA) to form phosphatidic
acid (PA). LPAAT-a has a uniform tissue distribution and is apparently not upregulated in
tumour cells, suggesting a housekeeping role for this enzyme. First, as an indicator of an
association with tumorigenesis and progression, increased LPAAT-B expression level in
several tumour types have been found compared to normal tissues of the same types, as
well as high uniform levels of LPAAT-B in tumour cell lines that correlate with relatively
high functional activity (Leung 2001; Bonham et al. 2003). Niesporek, et al (2005),
reported expression of LPAAT-B mRNA as well as LPAAT- B proteins in vivo and in vitro
in ovarian carcinomas and in benign ovarian tissues. They found that LPAAT-B mRNA
was expressed in all ovarian tissue samples and all ovarian cell lines examined. On the
protein level, LPAAT-B was expressed in most ovarian samples. The overexpression of
LPAAT-B was correlated with tumour grading and prognosis (Niesporek et al. 2005).

The production of lysophosphatidic acid and phosphatidic acid have been shown to be

important for cell survival because these lipid mediators play key roles in cell cycle
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regulation due to their growth factor-like effects (Moolenaar et al. 1997;Tigyi et al.
1994;Tigyi & Parrill 2003). The suppression of phosphatidic acid biosynthesis by small
compounds that inhibit the interleukin 2 receptor-associated JAK/signal transducers and
activators of transcription signalling pathway have been shown to result in complete
suppression of malignant T-cell lymphoma growth (Wasik et al. 1998). Phosphatidic acid
has also been shown to be involved in the downstream activation of raf protein as a part of
the ras/raflextracellular signal-regulated Kinase signalling pathway. Because PA is an
important cofactor in signaling pathways, we investigated a potential role for LPAAT-B in
ATRA sensitive and resistant AML cell lines. To aid understanding the role that LPAAT-$
may play in functions critical to tumour cell growth and survival, small molecule inhibitors
were used. The LPAAT-B inhibitors used in our study were two active forms designated as
CT32228 and PC020702 and two inactive forms CT32212 and PC020701.

In our study, the active forms were found to be very toxic to all ATRA sensitive and
resistant cell lines in a dose/time dependent fashion. The active form PC020702 was more
sensitive to AML cell lines than CT32228. The cell growth was significantly inhibited (75-
99%) at concentration of 50 nM for CT32228. While PC020702 inhibited cell growth at 25
nM. The inhibition was more obvious in HL60-R than HL60 cells and overall inhibition
was seen in NB4 and NB4:R2 (M3 FAB classification) than HL60 and its resistant form
HL60-R (M2). However no growth inhibition was seen with the inactive forms. These
results indicate that the active inhibitors were very toxic to AML type M2 and M3 and their
ATRA resistant mutants. The effect was some how antiproliferative and blocked cell cycle
progression resulting in increased in apoptosis these AML cell lines.

In our study, we wanted to measure intracellular inhibition of LPAAT-B activity and
correlate the effects of its activity with physiological changes. This assay measures the
production of '*C-labelled PM by addition of 1C-labelled oleate and the substrate, lysoPM.
PC020702 significantly inhibited LPAAT-B activity (50 % inhibition) after 24 h, whereas
48 h showed minimal effects (10-20% inhibition). The enzyme activity was further
inhibited after 1h of PC020702 incubation in all cell lines tested. This indicates that the
inhibitor was specific to this enzyme activity. This is consistent with previous study of

enzyme activity after incubation with LPAAT-f inhibitors in Multiple Myloma and frog
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oocytes, the LPAAT- B inhibitors significantly inhibited enzyme activity in a time and dose
dependent manner (Coon et al. 2003;Hideshima et al. 2003).

Also in this study, our aim was to investigate differentially expressed genes after 1 hour
treatment with LPAAT-B inhibitors. Analyzing the molecular events taking place after
LPAAT-B inhibitor treatment in these cell lines elucidated the effect of LPAAT-B
inhibitors in AML cells types and their resistant form.

The up and down regulated genes found were related to cell membrane function or
receptors that have a role in cell signalling, membrane fission activity or Ca+ release. This
may be a direct or indirect effect of the LPAAT-B inhibitors on phosphatidic acid, the end
product of the enzyme activity. The expression of these genes may suggest more
complicated pathways in which these inhibitors act. We expected to see expression of
genes related to cell signalling especially those related to PA such as raf/ras/Erk and
PI3K/Akt/mTOR. However, gene ontology data showed that the inhibitor action produced
gene expression changes linked to cell membrane and cell membrane receptors. Closer
observation of gene ontology data was not surprising for the effect of LPAAT-f that
initially identified as an intermediate in lipid biosynthesis pathway. This observation both
supports the critical nature of pathways inhibited and hints of an alternative pathway other
than PA molecules as target of LPAAT-P inhibitor action.

In our study, we wanted to investigate the effect of LPAAT-B inhibitors on cell cycle
progression and apoptosis. Proliferation is under the control of factors that regulate the
transition between cell cycle stages at two main check points (Bell & Dutta 2002). The first
one is at the G1/S phase transition for initiation and completion of DNA replication in S
phase (Ho & Dowdy 2002;0baya & Sedivy 2002). The second checkpoint is at the G2/M
phase transition and controls mitosis and cell division (Smits & Medema 2001). When
compared with untreated cells, treated cells increased the proportion of cells in G2/M phase
of the cell cycle, as evidenced by flow cytometric analysis (chapter 5). These data, coupled
with results indicated that LPAAT- inhibitors block cells at G2/M phase in multiple
myeloma and other cancer cell lines, suggest that LPAAT-f plays a role in the signalling
pathways critical for the initiation and /or maintenance of the G2 checkpoint. Furthermore,
treatment with LPAAT-B inhibitors results in giant, multinucleated cells and an increase in

mitotic bodies. These data, coupled with results that indicate that some normal cells are
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resistant to the pro-apoptotic effects of LPAAT-P inhibitors, suggest that LPAAT-B plays a
role in the signalling pathways critical for cell cycle progression and survival. Many
tumour cells have disregulated G2 checkpoint mechanisms and fail to control early or
mistimed entry into M phase (Coon et al. 2003;Bonham et al. 2003;Hideshima et al
2003;Hideshima et al. 2005). Therefore, it appears that LPAAT-B inhibitors may play a
variety of roles in several signalling pathways, including those critical for proliferative
responses, survival and the initiation/maintenance of cell cycle arrest. It is likely that the
various roles played by LPAAT-B involve both direct and indirect associations with
signalling constituents, and the pathways affected could vary dependent on the initiating
signal, cell type and the duration and timing of the signal.

We also investigated whether PA generated from LPAAT-B contributes to signalling
pathways, especially Ras/Raf/MAPK and PI3K/Akt/mTOR by measurement phospho-
Erk1/2 and phospho-mTOR respectively. PA was found directly to act on these two
pathways especially by acting on raf translocation and mTOR activation. Neither phospho-
MAPK nor phospho-mTOR was downregulated after LPAAT- inhibitor incubation. In
contrast, phospho-Akt was attenuated after treatment with LPAAT-$ inhibitors, suggesting
alternative target exist other than PA pathways. Thus with LPAAT-P inhibitors, we cannot
rule out the possibility that CT32228 and PC020702 have additional targets which may
account for some of the findings reported here. This will be discussed in detail in the main

findings (section 7.2).
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7.2. Main Findings

Gene ontology and gene lists allows the gene-expression changes observed for cell
membrane integration and cell membrane receptors such as G-protein coupled receptor to
be put in the context of other regulatory and developmental processes such as cell cycle,
apoptosis and study of Akt/mTOR and ERK signalling pathways elicited of LPAAT-$
inhibitors action. From my studies a new hypothesis of the effect of theses inhibitors on
AML is proposed. Along with our data and pharmacology of LPAAT- inhibitors raise the
possibility that LPAAT-f inhibitors block LPA signalling pathways and not PA pathways.
The main findings are summaries in the following points:

1. Bonham at el (2003) reported that kinetic analysis of LPAAT- inhibitors showed
uncompetitive inhibition of LPA (with fatty acid chain sn-1-18:1) binding and mixed
noncompetitive inhibition of 18:1-CoA binding. The third possibility that LPAAT-B binds
LPA binding before it can bind the inhibitor. It is tempting to speculate that the binding of
LPA to LPAAT- induces a conformational change in the enzyme, exposing a site on the
enzyme for the inhibitor to bind. The pharmacological role of LPAAT-B inhibitors show
that in all three possibilities of the inhibitors action, LPA is involved as a common
substrate in the blocking mechanism.

2. In order to measure intracellular inhibition of LPAAT-B enzyme activity with
physiological changes, a model was constructed using LPM (Lysophosphatidyle methanol)
in the presence of *C-labelled oleate, due to the difficulty of measurement PA and LPA
activity in the cells. This was due two reason: the doubly charged head group of LPA will
not translocate across the membrane: and the action of lipid phosphate phosphotases
rapidly metabolizes LPA to monoacylglycerol (Waggoner et al. 1996). There are two
disadvantages of this assay, first the LPM (LPA) possesses range of biological activities
similar to growth factors. These include stimulation of cellular proliferation, platelet
aggregation, smooth muscle contraction, and tumour cell invasion (Fang et al. 2000;Goetzl
et al. 2000;Goetzl & An 1998;Weiner & Chun 1999). LPM introduction in the cell will
activate LPAAT-P activity even if it is in resting position. Therefore, introduction of the
LPM substrate will switch on LPAAT-B enzyme activity and PM production, once
inhibitor was introduced the PM was down regulated. In another word this enzymatic assay

will measure enzyme activity even if not overexpressed. The second disadvantage, the
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enzyme activity measurement depends on '‘C-labelled PM production, which is quite
different from real cell PA that also produced from other enzymes mainly phospholipase D
(PLD) and phosphorylation of diacylglycerol (DAG) by DAG Kinases (DAGK)
(Athenstaedt & Daum 1999) . Therefore the inhibition of LPAAT-B measured does not
necessarily correlate to PA inhibition. On the basis of the use of inhibitor of PLD, it has
been suggested that PA produced by PLD is involved in numerous signalling-related
events, such as inhibition of p38 (MAPK) activity but not Erkl/2 in activated
promyeloblasts (Bechoua & Daniel 2001), hydrogen peroxide-induced apoptosis in rat
pheochromocytoma cells (Lee et al. 2000). Although the principle function of DAGK in
signaling pathways, however, appear to be attenuation of signalling propagated by the
secondary messenger DAG rather than through effect of PA (Jones et al. 2002;Topham &
Prescott 2001). Therefore the role of PA produced by other enzyme mainly PLD and
DAGK appear to be more complicated than we expected. However, each of these studies
depends on the use inhibitors of limited specificity and has not been confirmed by genetic
techniques such as knockout and knockdown, thus leaving open the possibility that some of
the effect ascribed to these sources of PA may in fact be associated with other enzymes.
Nevertheless, logically a PA produced by PLD and DAGK could be the same PA produced
by LPAAT-B enzyme. This is the LPAAT-P act on the tail of LPA (at carbon 2 (sn-2))
substrate to produce PA, while the synthesis of the other phospholipids from PA by the
other enzyme are at the head (carbon 3 (sn-3)) of the phospholipids. Therefore the backup
PA produced by PLD and DAGK could be the same type of PA produced by LPAAT-.

3. PC020702 LPAAT-B inhibitor which suppressed proliferation of the AML cells was
used to elucidate the role of LPAAT-B in signalling pathways. Translocation of raf from
the cytosol to the membrane is a necessary step prior to its activation, and its translocation
has been shown to be dependent upon PA (Andresen et al. 2002). Inhibition of LPAAT-B
activity in AML cell lines resulted in no attenuation of phosphorylated Erk1/2 which is
down stream from raf. These results indicate the possibility of the PA production from
other sources mentioned above. Ras/Raf pathway is also activated by LPA which indicates
this pathway is common in both LPA and PA. Nevertheless, Baudhuin et al (2002)
reported, phospho-Akt activation induced by LPA requires both Mitogen activated protein
kinase kinase (MEK) and p38 Mitogen-Activated protein kinase (p38 MAPK) but not
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Erk1/2 in ovarian cancer cells and breast cancer cell lines. This resulted in a decreased
caspase-3 activity in a PI3K/Mek/p38-dependent manner (Baudhuin et al. 2002). However
Fang et al (2000) reported that LPA promoted cell survival largely via G couple protein-
mediated activation of ERK1/ERK2, or other MAPK family (Fang et al. 2000). Therefore,
LPA activates Ras/raf/Erk pathway relatively different from PA. In addition PA was found
to act directly on raf translocation while LPA more likely through G couple protein
receptors. Thus LPA acting on Erk1/2 may depend on type of cells and treatment used.

4. The PI3K/Akt pathway acts primarily as a survival pathway, and inhibition of this
pathway is known to be pro-apoptotic. PC020702 was found attenuating this pathway was
dephosphorylated-Akt after 6 hours of treatment (Chapter 6). As well, apoptosis was
measured by cleaved caspase3 that was found overexpressed (chapter 5). Caspase3 is a
hallmark of down stream of mitochondrial apoptotic pathway. It is not clear what role PA
participate in the activation of Akt. Nevertheless, LPA has been shown to protect against
apoptosis in number of cell types including ovarian cancer cells, intestinal epithelial cells,
fibroblasts, osteoblasts, hepatocytes (Sautin et al. 2001), Schwann cells (Contos et al.
2002;Weiner & Chun 1999) macrophages, T cells, and renal proximal tubular cells. The
primary signaling mechanisms that appear to be involved in this protection involved G
coupled receptor, PI3K, Akt. In addition, a role for Rho in cell survival has been suggested
in studies with ovarian cancer (Baudhuin et al. 2002). Recently Hu X et al reported, LPA
protects B-cell Burkitt lymphoma cell line (BJAB), B-CLL like cell line (I-83) and primary
CLL cells but not normal B-cells from fludarabine- and etoposide-induced apoptosis.
Furthermore, LPA prevented spontaneous apoptosis in primary CLL cells. The LPA; (LPA
receptor) expression was found to be increased in primary CLL cells compared with normal
B-cells correlating with LPA prevention of apoptosis. Treatment of primary CLL cells with
the LPA receptor antagonist, diacylglycerol pyrophosphate, reverses the protective effect of
LPA against apoptosis, and down-regulation of the LPA; blocked LPA-mediated protection
against spontaneous apoptosis in primary CLL cells. The protective effect of LPA was
inhibited by blocking activation of the PI3K/AKT signalling pathway (Hu et al. 2005). In
contrast, LPA protection against apoptosis in fibroblast cells is mediated by the mitogen-
activated protein kinase (MAPK) signalling pathway (Fang et al. 2004). In addition, LPA

activated transcription factors, such as NFyB, that can lead to increased expression of anti-
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apoptotic proteins and cell survival (Palmetshofer et al. 1999;Shahrestanifar et al. 1999).
Therefore, LPAAT-P inhibitors block LPA that act on several GCPR that may activate
different pathways. This may explained why treatment of tumour cells with LPAAT-f
inhibitors compound results in type 1 and 2 apoptosis in a remarkably wide variety of
tumours types (Bonham et al. 2003;Coon et al. 2003;Hideshima et al. 2003;Hideshima et
al. 2005).

s. Although phosphorylated mTOR that has been shown to be dependent upon PA was
not attenuated by LPAAT-B inhibitors. This also supports a possibility of PA produced by
other enzymes and at the same time probable of LPA as alternative for LPAAT-p inhibitors
action. In addition, Kam et al (2004) reported that LPA was found to activate PI3K by a
PLD-dependent pathway. The reduction in PLD activity in Rat-2 fibroblast cells impaired
the effect of LPA on mTOR signaling (Kam & Exton 2004). These results support the
hypothesis that LPA activates protein translation through the action of PLD1-generated PA
on mTOR. Therefore inhibition of LPA by LPAAT-f inhibitors resulted in activation of
PLD that was act as a backup for PA production and as a result of that increase mTOR
phosphorylation.

6. The Gene Ontology data showed an involvement of cell membrane and its receptor
such as GPCR after short exposure of inhibitor incubation. Taking the consideration of GO
data and the previous points mentioned earlier (points 1,3, 4 and 5) a question is raised;
how dose the inhibition of LPAAT-B enzyme (which is intracellular transmembrane
enzyme) by LPAAT-B inhibitor can activate these receptor and down stream signalling
pathways ( See chapter 1 section 1.4.5) which is normally be activated by extracellular
LPA?. First, we grown our cell lines in RPMI and 10% Foetal Bovine Serum (FBS), and
serum is one of the source of LPA production which can be produced by thrombine-
activated platelets (Eichholtz et al. 1993). All the experiments were done in our study
including oligonucleotide arrays had the same condition which is 10% FBS. Second, if the
pharmacology of LPAAT-B inhibitors acts on LPA substrate which may indicate that the
inhibitor abrogated extracellular LPA and thus effect its receptors and down stream
signalling pathways. Therefore this is may explain an involvement of cell membrane and
GCRP after the inhibitors incubation. Thus in the future beginning work is to measure

intracellular and extracellular LPA after inhibitor incubation.
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Therefore, taking the consideration of all point countered above, we conclude that LPAAT-
B inhibitors may block LPA substrate and consequently block its pathways. LPAAT-B
enzyme overexpression is still a matter of debate in AML, however LPAAT-$ inhibitors
may block LPA and induce toxic effect on AML cells and hence inhibits multiple pathway
that can induce apoptosis and cell cycle arrest.

In conclusion, treatment of AML cell lines with LPAAT-B inhibitors were cytotoxic
antiproliferative, and induced apoptosis through LPA pathways and not PA pathways. LPA
has been proposed as a molecular target for LPAAT-B inhibitors. Therefore, LPAAT-$

inhibitors are an attractive and novel target in AML and cancer therapeutics.
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7.3 Future Works

To date no studies have found a role of LPA in protecting AML against apoptosis.
However, sphingosine 1 phosphate (S1P) a similar like LPA phospholipids, acts both
intracellularly and extracellularly to cause pleiotropic biological responses. S1P was found
to protect HL60 cells from apoptosis intracellularly without acting on the Edg 1 receptor
(Van Brocklyn et al. 1998).

Documentation that LPAAT-P and its substrate LPA are important for the survival of
ATRA sensitive and resistant AML cell lines may have significant clinical implications.
CT32228 and PC020702 are toxic when given systemically and induce apoptosis. The
results presented here form the foundation for exploring the use of these compounds, either
alone or in combination with other chemotherapy or differentiation therapy, in the
treatment of AML. More importantly, these results for the first time provide an insight of
LPAAT-B and LPA as a target of acute myeloid leukaemia therapy. In addition LPAAT-B
inhibitors are a specific target for LPA which will open a frame work for the role of LPA in
cancer especially intracellular pathways. Interestingly, LPA has been reported to function
as a high-affinity legend for the transcription factor perixosome proliferating activating
receptor-y (PPARYy). PPARy normally binds fatty acid derivatives and regulates genes that
are involved in energy metabolism, cell differentiation, apoptosis and inflammation, but it
can also affect cell proliferation and differentiation in various malignances (McIntyre et al.
2003). Therefore the identification of the pathways regulating LPA production and action
indicates that therapeutic approaches targeting the LPA cascade might be a realistic

addition to the treatment of leukaemia and malignant disease in the near future (Scheme 1).
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Scheme 7.1 Major LPA signaling Pathways. LPA signals through its own G-protein
coupled recepiors via at least three distinct classes of hetrotrimeric G proteins leading to
activation of multiple downstream effectors pathways. Among the main LPA-induced
signaling pathways are Gq- mediated activation of phospholipase C {(PLC), which leads to
hydrolysis of phosphotaidylinsitole bisphosphate (PIP2), with consequent calcium
mobilization and protein kinase C (PKC) activation; Gi-mediated activation of the RAS-
P38 pathways, leading to cell proliferation; Gi-mediaied activation of the PI3K-Akt
pathway, leading to survival pathway, which suppresses apoptosis; and activation of the
RHO And RAC GTPases, which lead to cytoskeletal remodeling and migration.
Intracellular signaling of LPA is still not known. LPA may act also on nuclear transcription
actor {van Corven et al. 1989;Fang et al. 2000;Fang et al. 2000;Kranenburg & Moolenaar
001:Takeda et al. 1999;van Corven, et al. 1989;van Corven, et al. 1993;van Leeuwen et
1. 2003;Mclntyre et al. 2003).
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