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Abstract

PTEN is a tumour suppressor gene on chromosome 10, which has a central role in
regulation of the phosphatidylinositol-3-kinase (PI13K) cell signalling pathway which
has been linked to cell proliferation and apoptosis. Previous studies have shown that
loss of PTEN induces leukaemogenesis by generating leukaemia stem cells and
depleting haematopoietic stem cells. Phosphoinositide-dependent kinase-1(PDK1) is
considered as a critical kinase in the PI3K signalling pathway and is responsible for
mediating the phosphorylation of AKT and a wide range of other kinases that inhibit
apoptosis. Given the important role of PI3K signalling in proliferation and apoptosis,
we hypothesized that targeting of key components in this pathway such as PDK1
might be of therapeutic value in the treatment of loss of PTEN driven AML, ALL and
other cancers. The main objective of this study is to investigate the role of PTEN and
PDK1 in leukaemogenesis and normal haematopoiesis. We generated conditional
knockout mice (PTEN ™" Rosa-cre-ERT), PDK1 (PDK1 " Rosa-cre-ERT) and
PTEN-PDK1 (PTEN " pDK1 M Rosa-cre-ERT) where gene deletion can be
mediated by tamoxifen treatment. To restrict the deletions to the haematopoietic
compartment, bone marrow cells from the KO mice were transplanted to recipient
mice and then treated with tamoxifen. Using these mouse models, we compared the
impact of PTEN, PDKZ1 or both deletions on haematopoietic development from early
HSCs to restricted progenitors. Further analysis using two specific knock-in (K1) mice
(PDK1 L155e MG and PDK1 K465¢) was carried out to further elucidate the activity
of PDKL1. In these models, PDK1 L155e MG mice have disrupted PDK1-PIF pocket
domain whereas the PDK1 K465e have a defective PDK1-PH domain. These two

domains are critical for the distinctive function of PDK1. Consistent with previously



published data, our data showed that loss of PTEN perturbed the normal
haematopoietic development. Simultaneous deletion of PTEN and PDK1 rescued
some of the abnormalities caused by PTEN deficiency suggesting that PDK1 may play
a crucial role in haematopoiesis. We further demonstrate that loss of PTEN in the
haematopoietic compartment results in the development of AML or ALL and in some
cases both AML and ALL consistent with previous published data. In addition, we
demonstrate that simultaneous deletion of PTEN and PDK1 does not completely
reverse the leukaemogenesis induced by PTEN deletion; however it was able to
significantly delay the onset of AML. Moreover, deletion of PDK1 in PTEN deficient
haematopoietic cells rescued the mice from developing ALL in both PTEN™M
PDK1" Rosa-26¢cre-ERT mice and PTEN " pPDK1 "M vav-cre mice. PDK1
MGK465 and PDK1L155 mutation did not have any effect on the phenotype of the
leukaemia mediated by loss of PTEN, however both mutants significantly reduced the
leukemic stem cell frequency of PTEN null ALL stem cells. Our data further suggest
that the mechanism of leukaemia in the compound PTEN PDK1 KO might be due the
ability to bypass the normal activation of Akt through PDK1 when PTEN is deleted.
Further studies need to be carried out to identify the mechanism or cross talk that by

passes PDK1 activation of downstream kinases when PTEN is deleted.
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Chapter 1 Introduction

1.1 Normal haematopoiesis and haematopoietic stem cells

Haematopoiesis is a process that generates and sustains all the blood cells of different
lineages in the body. It is hierarchically organised with the haematopoietic stem cells
(HSCs) at the apex possessing self-renewal properties and the ability to give rise to all
progenitors and mature blood cells (Quesenberry et al., 2014). The self-renewal
ability of HSCs may be achieved by undergoing an intrinsically asymmetric cell
division whereby cell fate determinants are segregated into only one of the two
daughter cells. While one daughter cell remains an HSC, the other daughter cell will
proliferate to produce immature progenitors that gradually further differentiate into
progenitor cells that are more lineage restricted and have lost self-renewal capability
(Blank et al., 2008). However during developmental stage or injury additional self-
renewal strategies that forcefully control the number of stem cells may permit them to
undergo symmetric cell division to produce two daughter cells destined to the same
fate, ie two HSCs or two differentiated cells (Morrison and Kimble, 2006) . The
lineage restricted progenitors further proliferate and differentiate into mature

functional blood cells (Yeung and So, 2009).

Several technological advances over the last few decades including the generation of
monoclonal antibodies and fluorescent activated cell sorting (FACS) were
instrumental to isolate phenotypically different haematopoietic cell populations.
Functional characterization of the different cell types in the adult haematopoietic
system (Fig 1.1) are based on results from in-vivo transplantation assays that
demonstrated the ability of HSC’s but not committed progenitors to fully reconstitute

a lethally irradiated mouse. In addition, several in vitro differentiation assays were
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made possible to further characterise haematopoietic cells by the discovery of
haematopoietic growth factors (Robert-Moreno et al., 2008, Morgan et al., 2008).
These studies demonstrated that Notch induction by adding soluble Jagged1 ligand to
ex vivo cultures of human CD34*CD38 Lin™ cord blood or incubating murine BM
Lin ScalcKit" (LSK) cells with a fusion protein containing the DII1 ligand can
expand haematopoietic progenitors as well as stem cells. In vitro expansion of these
progenitor populations resulted in gain of function that allowed short-term
hematopoietic reconstitution in mice following transplantation. The HSCs which
possess unique combination of self-renewal and multi-lineage potential can be
classified into long term or short term HSCs depending on their functionality. Long
term HSCs (LT-HSCs) are characterised by their ability to provide long term multi-
lineage reconstitution in a lethally irradiated mouse and reconstitute a secondary
recipient mouse upon serial transplantation whereas short term HSCs (ST-HSCs)
provide a short term reconstitution for many months after transplantation but cannot
reconstitute a secondary recipient mouse (Yeung and So, 2009). All HSCs reside in
the LSK (Lin™ Scal* c-Kit") compartment in the murine (Fig 1.2) bone marrow and
do not express mature cell surface markers such as CD19 and B220 found on B
lymphoid cells, CD4, CD3 and CD8 found on the T lymphoid cells, Macl and CD15
expressed on the macrophages and Grl found on the granulocytes (Doulatov et al.,

2012).
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Figure 1.1: Schematic diagram of murine haematopoiesis

The HSC is located at the apex of the haematopoietic system and is the origin of all haematopoietic
cells. Mature and functional blood cells are produced through a series of progressive proliferative and
differentiation steps of the haematopoietic stem cells. All these proliferation and differentiation steps
in normal haematopoiesis are tightly controlled and disturbances to this balance may result in
haematological malignancies

Further functional analysis of the LSK population not only revealed the refinement of
HSCs into LT-HSCs and ST-HSCs (see Table 1.1), but also identified non self-
renewing multipotent progenitors (MPPs) downstream of HSCs (Fig 1.2). Signalling
lymphocytic activation molecule (SLAM) family markers can be used to enhance the
purification of mouse HSCs. SLAM family markers CD150 (also known as Slamf1)
and CD48 (Slamf2) showed that LT-HSCs and ST-HSCs were enriched in the
CD1507CD48" and CD150°CD48" fraction respectively while the MPPs are found in

the CD150°CD48" within the LSK compartment (Cai et al., 2011). More recently,
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another population known as the LMPPs (lymphoid primed multipotent progenitors)
has been found in the LSK compartment downstream of the MPPs (Yang et al., 2005,
Doulatov et al., 2012). The LMPP population was identified as a more restricted
progenitor within CD150°CD48" population (Yilmaz et al., 2006a) that was positive
for the surface marker FLT3 (lwasaki and Akashi, 2007) (see table 1). LMPPs were
able to give rise to cells of the myeloid and lymphoid lineages but had little or no

potential to produce megakaryocytes and erythrocytes (Adolfsson et al., 2001).

Table 1.1 HSC and progenitor population in a normal adult mouse

Population Cell surface marker
LT-HSC Lin- Sca-1*c-kit" CD1507CD48~
ST-HSC Lin- Sca-17¢c-kit" CD150~CD48~

MPP Lin- Sca-17¢c-kit" CD150~ CD48*

LMPP Lin- Sca-1%¢c-kit" CD150~CD48* (Flt 3*)
CLP Lin°IL7Ra*Scalo¢c-Kit'

CMP Lin"°Sca-1'° c-kit* CD34* CD16/32%°
GMP Lin"°Sca-1%° ¢-kitt*CD34* CD16/32h
MEP Lin"°Sca-1'° c-kittCD34-CD16/32%

2 Classification of HSCs and progenitors
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Figure 1.2: Classification of subpopulation of HSC

The HSCs are contained in the Lin"™® Scal*c-Kit* (LSK) fraction of the bone marrow. Forward scatter
(FSC-A) and side scatter (SSC-A) gates are set to remove debris. The PI gate is set to select live cells
from dead cells. Scal and c-Kit positive cells are gated from the Lin cells fraction. LSKSs are further
classified into LT-HSCs and ST-HSCs MMPs and LMPPs by CD150 and CD48 expression. LT-HSCs
to be enriched in the CD150*CD48  and ST-HSCs enriched within CD150"-CD48" while the MPPs are
found in the CD150-CD48+ within the LSK compartment.

The haematopoietic hierarchy branches to CMP (common myeloid progenitors) and
CLP  (common lymphoid progenitors) while CMPs give rise to
megakaryocyte/erythrocyte progenitors (MEPs) or GMPs (Granulocyte macrophage
progenitor); GMPs can also be derived from LMPPs. These progenitor populations
are found in the lineage negative, Sca-1 negative and c-Kit positive fraction of the
mouse bone marrow and make up to 20% of the total bone marrow cells (Yeung and
So, 2009). Further classification of CMPs, GMPs and MEPs can be differentiated
using CD34 and CD16/32 cell surface markers (Figl.3). While CMPs are
CD34*CD16/32'°, GMPs are CD34"CD16/32" and MEPs are CD34 CD16/32'° (Table

1.1). On the other hand CLPs give raise to lymphoid restricted lineages known as pro-
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B lymphoid cells and pro-T lymphoid cells. These will subsequently give rise to
mature T cells, B cells and natural killer (NK) cells. CLPs constitute about 0.28 % of
the total bone marrow cells and are enriched within the Lin”"° IL-7Ra*Sca-1" ¢-Kit °

compartment (Fig 1.4).

SSC-A
c-Kit

FSC-A Lin

CD16/32

Figure 1.3: Classification of myeloid progenitor populations

The progenitor population is found in the lineage negative, Sca-1 negative and c-Kit positive fraction
of the mouse bone marrow and make up to 20% of the total bone marrow cells (Yeung and So, 2009).
Further classification of the progenitor population into CMPs, GMPs and MEPs can be made using
CD34 and CD16/32 cell surface markers. While CMPs are CD34* CD16/32"°, GMPs are CD34*
CD16/32" and MEPs are CD34-CD16/32".
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Figure 1.4. Classification of common lymphoid progenitors (CLP).

CLPs can be classified as Lin”"° IL-7Ra*Sca'°c-Kit' cells and constitute 0.02% of the bone marrow
(YYeung and So, 2009)

1.1.1 Pathways critical for haematopoiesis

Haematopoiesis is a tightly regulated process in which self-renewal, cell proliferation,
differentiation and cell survival are maintained by several pathways and master
regulators such as Bmi-1, Hox, p53 and p21, Wnt, Notch, Hedgehog, Raf/MEK, ERK
and PI3 kinase pathways. Consistently, mutations in these pathways and master
regulators may perturb the normal haematopoiesis process leading to various
haematopoietic malignancies. Bmi-1 protein belongs to Polycomb Group (PcG)
family and it is expressed mainly in the immature HSC population (Raaphorst, 2003,
Park et al., 2003). Bmi-1 is necessary for the self-renewal of HSCs and it has been
shown that Bmil- knockout mice have defective haematopoiesis and develop
hypocellular bone marrow (Park et al., 2003). In mammals, clustered homeobox
(Hox) genes are organised in 4 clusters (HoxA to HoxD) and are tightly regulated in
the haematopoietic system at each stage in lineage differentiation. Hox genes have
been found to be frequently mutated and deregulated in haematopoietic malignancies
(Eklund, 2011, Alharbi et al., 2013). Individual Hox genes seem to have diverse effect

on haematopoiesis. For instance over expression of HoxA10 in mice results in
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selective expansion of megakaryocytic cells with reduced monocytic and B-lymphoid
progenitors (Borowitz et al., 1997), whereas over expression of hoxb4 results in the

expansion of HSCs (Antonchuk et al., 2002).

The Wnt/B-catenin signalling pathway has been implicated in the regulation of
haematopoiesis, however, different approaches by different laboratories yielded
controversial and sometimes contradictory data, resulting in an incomplete picture of
the actual role of Wnt/B-catenin in haematopoiesis (Staal and Luis, 2010). Wnt
proteins fall under a large family of 19 soluble glycoproteins that have a wide range
of effects on haematopoietic progenitors and haematopoietic stem cells. Although the
Wnt/B-catenin pathway regulates self-renewal of various tissue stem cells and is active
in HSCs (Perry et al., 2011), B-catenin itself is not required for self-renewal of adult
HSCs (Cobas et al., 2004, Jeannet et al., 2008). Conversely, over-expression of 3-
catenin has also been associated with increased HSC frequency and prevention of
differentiation (Reya et al., 2003), and was shown to predispose to T-cell lineage ALL
(Guo et al., 2007). Moreover, WNT signalling is activated in AML cells by certain
oncogenic fusion molecules such as PML-RARA or AML1-ETO (Kindler et al.,
2005). A role for Notch signalling has also been proposed in the regulation of
haematopoiesis and other tissues. While loss of Notch signalling pathway proteins
Notchl and Jagged-1 have been shown to result in defective HSC development at the
embryonic stage in mice (Robert-Moreno et al., 2008, Kumano et al., 2003), over
expression of intracellular Notch increased the number of HSCs, HSC self-renewal
and favoured lymphoid over myeloid development (Stier et al., 2002). Moreover,
Notch mutation has been suggested to be the main oncogenic lesion in T-ALL

(Maillard et al., 2004).
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The phosphotidyl-inosital-3 kinase (PI3K)/AKT pathway has also been linked with
the regulation of haematopoiesis. The PI3K pathway is normally activated by the
binding of ligands to receptor tyrosine kinases such as Fms-like tryrosine 3 (FLT3),
c-Kit and is constitutively activated (without the need of ligand binding) by mutations
of e.g. FLT3 such as FLT3-ITD. Consequently, FLT3 is one of the most frequent
mutations in AML (Zeisig et al., 2012). Moreover, loss of PTEN, a negative regulator
of the PI3K pathway leads to the generation of leukemic cells while depleting normal
HSCs. It has also been speculated the PTEN might play a role in keeping the HSCs in
a quiescent state (Zhang et al., 2006, Yilmaz et al., 2006b) as well as affecting the
lineage selection. Furthermore, deletion of other components of the PI3K pathway
such as AKT1/2, TSC1/2 as well as FOXal, 2 and 3 in mouse HSCs has been shown

to cause defects in HSC development (Warr et al., 2011).

1.2 Leukaemia and Leukemic stem cells

Leukaemia, generally classified as myeloid or lymphoid depending on the lineage
involved and as acute or chronic based on the stage of differentiation of the malignant
cells. Hematopoietic stem cells have self-renewal properties that allow them to persist
throughout life. These self-renewal mechanisms are controlled by a system of master
regulators that are often proto-oncogens and tumour suppressors (Zhang et al., 2009).
Cancer cells hijack these mechanisms allowing them to transform into immortal cells
that are able to self-renew just like HSCs. Interestingly, not all cancer cells within a
cancer are equal. Data from several investigations has provided evidence suggesting
that in any given cancer there is a variable fraction of phenotypically distinctive cell

populations (e.g. AML 1/540 to Melanoma 1/3) that are more primitive compared with
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the bulk of the tumour cells and exhibit properties similar to stem cells, i.e. self-
renewal and differentiation (Grove and Vassiliou, 2014). Moreover, these rare and
more primitive cells are often enriched for leukaemia initiating cells and are thus

called leukemic stem cells (LSC).

In general, leukaemia is characterised by unrestrained proliferation of white blood
cells in the bone marrow and these cells can be arrested at different stages of
differentiation. Furthermore, LSC were first functionally identified and characterized
in leukaemia by separating LSCs from the bulk of acute myeloid leukaemia (AML)
cells and demonstrating that these cells resided only in the CD34"CD38" population
(Bonnet and Dick, 1997). While CD34*CD38" fractionated patient cells were able to
engraft into lethally irradiated non-obese diabetic-severe combined immunodeficient
(NOD-SCID) mice and proliferate to repopulate the bone marrow of recipient mice
with leukemic cells, mice injected with other CD34 CD38 populations failed to
develop leukaemia (Dick, 2008). Although the exact LSC fraction may differ from
patient to patient and may also depend on the mouse model used (Bonnet and Dick,
1997), these studies provide evidence of the existence of LSCs as the leukaemia
initiating cells. The LSC model is clinically relevant as it can help to understand the
high rates of both incomplete remission and more importantly relapses seen in the
majority of leukaemia patients. While current chemotherapeutic agents target highly
dividing cells both normal and cancerous, it has been shown that the LSCs may reside
in the bone marrow microenvironment where they remain quiescent at GO stage
(Guan, Gerhard et al. 2003; Ishikawa, Yoshida et al. 2007) and thus evading the
treatment and cause relapse after treatment(Sauer et al., 2015). Indeed, a better
understanding of the LSC property is paramount for the development of targeted

curative therapies
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While LSC clearly share properties with normal HSC such as self-renewal and the
ability to generate differentiated progeny, the cellular origin of LSC is unknown.
Murine studies suggest that HSCs as well as myeloid restricted progenitors that have
lost self-renewal capability can be transformed by chimeric proteins found in patients
(So et al., 2003, Cozzio et al., 2003, Huntly et al., 2004, Sauer et al., 2015) to initiate
leukaemia in lethally irradiated recipient mice. However, this is not a universal
property, as not all oncogenic fusion proteins have the capacity to transform myeloid
restricted progenitors to LSCs. For instance, BCR-ABL, the result of the t(9:22)

translocation can only transform murine HSCs but not myeloid progenitors (Fig 1.5).

Normal Haematopoiesis
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Figure 1.5: Schematic diagram of leukaemia stem cell origins.

Some oncogenic fusion proteins are able to transform normal HSC to LSC. Interestingly some other
oncogenic fusion found in AML such as the MLL-Gas7 and MLL-ELL are transform HSC as well
progenitors to LSCs. In general leukaemia can be viewed as haematological events initiated by a
population of leukemic stem cells that have the ability like normal HSCs to self-renew and differentiate.
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1.2.1 Acute Leukaemia

In contrast to chronic leukaemia that develops slowly over a number of years, acute
leukaemia progresses rapidly and aggressively thus making early diagnosis and
Immediate treatment imperative. Acute leukaemia can be further classified into three
subgroups: acute lymphocytic leukaemia (ALL), acute myeloid leukaemia (AML) and
acute biphenotypic leukemia (ABL) depending on the expression of surface markers

from the lymphoid and myeloid lineages.

1.2.2 Acute lymphoblastic leukaemia (ALL)

Acute lymphoblastic leukaemia (ALL) affects both children and adults, but 60% of
cases occurs at ages < 20 with a peak at ages between 2 and 5 years (Inaba et al.,
2013). ALL can be separated into two categories depending on the cells involved: T-
ALL (T cell origin) or B-ALL (B cell origin). Advances in immunophenotyping,
molecular cytogenetics and histology have contributed to a much more precise
diagnosis and classification of ALL (see next section). More than 50 genetic
alterations have been identified in ALL patients and gene deletions are among the
most frequent aberrations (Mullighan et al., 2008). Several other mutations have been
associated with ALL such as activating mutation in the PI3K pathway as well as the
Notchl signalling. In addition to mutations and deletions, ALL also results from
chromosomal rearrangements that disrupt genes controlling normal haematopoiesis
and lymphoid development such as MLL, AML1, MYC. Interestingly, these

rearrangements result not only in the creation of fusion genes such as TEL-AML1 or
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MLL fusions but also in translocations in which a gene (e.g. MYC or BCI-2) is brought
under the control of immunoglobulin heavy locus or the T-cell antigen receptor gene

locus in the case of TALL, TLX1, TLX3 and LYL1 (Inaba et al., 2013).

1.2.3 Classification of ALL

The classification of ALL was first established on the bases of morphologic,
immunologic and cytogenetic (MIC) presentation of the leukaemia (Szczepanski et
al., 2003). It was later revised by the FAB (French, American and British) which
made recommendation to classify ALL into sub-groups of ALL 1, 2 and 3. The
inclusion of B- and T-lineage surface marker expression further refined the
classification of ALL. While the morphological classification by FAB helped to
distinguish different types of ALL, it has little clinical or prognostic relevance. Thus
the WHO advocates, as an alternative, a classification that recognises clinically
relevant molecular genetic characteristics of these lesions in addition to the

morphology, immunology and cytogenetics.
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Table 1.2 FAB and MIC classification of ALL

CD2 CD7 CD10 CD19 TdT clg Karyotype
Early B-precursor L1,L2 - + + + - t(4:11):
ALL t(9:22)
Common ALL L1.12 S 7+ 2 2 - - . near-
haploid;

t(1:19):t(9:22

PreB - ALL L1 - o + + ok t(1:19):
£(9:22)

B —cell ALL L3 - +/- + - - t(8:14).
t(2:8)
£(8:22

Early T- precursor L1.12 % + - + t/del(9p)

ALL

T—cell ALL L1.12 + + - + 6q-

+, positive ; -, negative; no symbol, not specified by MIC
Abbreviations; TdT terminal deoxynucleotidyl transferase

Tablel.3. World Health Organization (WHO) Classification of Acute
lymphoblastic leukaemia with corresponding FAB classification

WHO classification Corresponding FAB

classification

Precursor lymphoblastic leukemia/ lymphoma
Precursor B-cell acute lymphoblastic leukaemia/ lymphoma L1,L2
Precursor T- cell acute lymphoblastic leukenua/ lymphoma L1,L2

Burkitt’s lymphoma/leukemia

Endemic Burkitt’s lymphoma/leukemia 1.3
Sporadic lymphoma/leukenia L3
Immunodeficiency- associated Burkitt’s lymphoma/leukenia L3
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1.2.4 Acute Myeloid Leukaemia (AML)

AML occurs at any age accounting for approximately 20% of childhood leukaemia
(Faulk et al., 2014) with increasing incidence in older adults. Both de novo as well as
secondary AML (SAML) resulting from either the progression of other myeloid
proliferative disorder such as myelodysplasia or the treatment of an unrelated
neoplasm with topoisomerase Il inhibitors has been described (Kumar, 2011). With
the exception of t(15;17) PML-RARA subtype of AML for which overall survival
rates of more than 5 years can be achieved for up to 80% of patients, the survival rates
for all other subtypes is far worse. Chromosomal aberrations are found in about half
of the AML patients and often involve transcription factors such as MLL, RARA and
core binding factors (CBFs). In contrast to ALL, the recurrent translocations in AML
result exclusively in the generation of chimeric fusion genes. While the other half of
AML patients appears to possess a normal or complex karyotypes, next generation
sequencing has identified aberrations in these patients that could not have been
identified using karyotyping and banding, including mutations in signalling genes,
transcription factors and epigenetic modifiers (Zeisig et al., 2012). Interestingly,
receptor tyrosine kinases such as FLT3 and c-Kit upstream of the PI3 kinase pathway

are one of the most frequent mutations in AML.
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1.2.5 AML classification

Similar to the FAB classification of ALL, the FAB morphological classification in
AML is only partially useful as it does provide common vocabulary and classification
of the disease but has little clinical or prognostic relevance. Using the FAB
classification, AML is confirmed when primitive blast cells are found in excess of
more than 20% in the bone marrow. More recently, the WHO introduced a
classification combining cytogenetics and molecular characteristics (Table 1.4).
Chromosomal translocations leading to a gain or loss of function that affects normal
haematopoiesis have been identified in over a third of AML patients (Look, 1997) and
in most cases chromosomal translocation occur on genes that encode for transcription
factors. In fact, the four most common translocations t(15;17) PML-RARA, t(8,21)
AMLL1-ETO, inv(16) CBF-MYH11 and t(x;11) MLL fusions make up to 35% of all
AML cases and have prognostic value. These and other mutations of prognostic
relevance including mutations in the FLT3, NPM or CEBPA genes have been included
in the WHO classification. Given that mutations in FLT3, C-Kitand PTEN, a negative
regulator of the PI3K pathway, are found in over 30% of AML patients (Zeisig et al)
and mutations of PTEN in over 20% of T-ALL (Palomero et al.). Deregulation of the
PI3K pathway is a common event in AML and ALL. Indeed multiple PI3K inhibitors
are currently being evaluated in clinical trials for various malignancies including

haematological malignancies.
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Table 1.4 French—American-British classification of acute myeloid leukaemia

Name Description Occurrence
MO Acute myeloblastic leukemia, minimally differentiated 5%
M1 Acute myeloblastic leukemia without maturation 10%
M2 Acute myeloblastic leukemia with maturation 30%to 45%
M3 Acute promyelocytic leukemia ( APL) 5%to 8%
M4 Acute myelomonocytic leukemia 15%to 25%
M35a and M5b Acute monoblastic leukemia and acute monocytic leukemia 12%to 30%
M6 b Acute erythroid leukemias 5%to 6%

M7

Acute megakaryoblastic leukemia

5%
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Table 1.5 WHO classification

Name

Description

AML with recurrent cvtogenetic translocations .

AML with multilineage dysplasia o

AML with mvelodysplastic syndrome. therapy related o

.

AML not otherwise categorized o

AML with t(8:21)(q22:q22) ). RUNX1-RUNXIT1
AMLI/CBFalpha/ETO

Acute promyelocytic

AML with t(15:17)(q22:q12) and variants PML/RARalpha
AML with abnormal bone marrow eosinophils
t(16:16)(p13:q22) CBFbeta/MYH1

AML with 11¢23 MLL abnormalities

Provisional entitv: AML with mutated NPM1

Provisional entitv: AML with mutated CEBPA

With prior MDS or without prior MDS

Alkvlating agent related
Epipodophyllotoxin related

Other types

AML minimally differentiated

AML without maturation

AML with maturation (FT3 mutations)
Acute myelomonocytic leukemia
Acute monocytic leukemia

Acute ervthroid leukemia

Acute megakarvocytic leukemia
Acute basophilic leukemia

Acute panmvelosis with mvelofibrosis

mnv(16)(pl3:q22)

http://www.cancer.gov/cancertopics/pdg/treatment/adultAML/healthprofessional/Pa

ge2#Section 119
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1.3 Overview of the PI3K signalling pathway

The PTEN/PDK1/PI3K signalling pathway, controlling cell proliferation, growth and
survival has been directly linked with cancer in several studies (Engelman, 2009, He
et al., 2014, Hashimoto et al., 2014, Elkabets et al., 2013). PI3K pathway is often
under normal circumstances activated by binding of ligands such as insulin, or platelet
derived growth factor (PDGF) which will trigger the activation of the corresponding
receptor tryrosin kinases (RTKSs) (Fig 1.6). Likewise, other abundant receptors such
as the insulin receptor (IR), FLT3 and c-Kit can also trigger the activation of the PI3K
pathway. Genetic alterations in the upstream signalling molecules such as the RTK,
FLT3,IR or c-Kit as well loss of PTEN have been associated with cancers including
AML (McCubrey et al., 2012). The most critical PI3K proteins implicated in
tumorigenesis and cell division are those that belong to class 1A which is formed by
the catalytic subunit p110a and its associated regulating subunit p85 (Hafsi et al.,
2012). Upon binding of a ligand to the tyrosine receptor kinases or associate receptor,
a conformational change that allows the binding of p85 via its SH2 domain (Rous-
sarcoma SRC oncogene homology 2 domain) will occur resulting in activation of the
regulatory subunit. Once active p110a is released from its inhibitor (p85a), it is
recruited to the plasma membrane (Vogt et al., 2006). Activated p1100 phosphorylates
Phosphotidylinisitil 4,5- biphosphate 