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Abstract

The aVB5 integrin is a member of integrin family that bsniw different ligands such as
vitronectin, fibronectin and soluble CD23 in ord&r mediate different biological
responses such as cell growth, adhesion and natastais expressed by B cell
precursors and by different acute lymphocytic lewke cell lines such as SMS-SB
cells. This thesis is an attempt to explain how $R#¥23-aVp5 integrin interaction
stimulates SMS-SB cell growth and to study the aflethe aVB5 integrin and other
receptors such as PDGF receptor and CXCR4 in B dmlelopment in the bone
marrow. The maturation and differentiation of Bisalccur due to several factors that
impact on gene expression in its development progiehis program is divided into
two main phases, the antigen-independent B-celkeldpment phase and antigen-
dependent B-cell development phase, respectivéig. dntigen - independent phase of
B cell development starts from the pluripotent hapaietic stem cell (PHSC) and
progresses through several successive stages wdmehidentified by somatic
recombination and rearrangement of both heavy ightidhain genes.

Soluble CD23 and LP (a synthetic peptide derivennfrsoluble CD23) significantly
stimulate SMS-SB growth while a smaller growth stiation is caused by either SDF1-
a or PDGRg. There are different signalling targets involvedthe aV5 integrin-
mediated proliferation due to its binding to eits€D23 or LP. These ligands enhance
the association between th¥ 5 integrin and the PDGF receptor which promote the
phosphorylation of both Jak2 and STAT5. Moreovel| growth was reduced and the
phosphorylation of Jak2 and STAT5 was also knodkewn with using either PDGF

receptor inhibitor (AG1295) or Jak2 inhibitor (AG2%9



Both soluble CD23 and LP activate the STAT5-DNAdung and strongly increase its
transcriptional activity. In addition, both ligandsduce the phosphorylation of other
different substrates such as STAT2, c-Src, c-yesAMPKa2 which might be related
to cell growth stimulation.

TheaV5 integrin ligands also promote the phosphorylabbiRK1/2, p90RSK and
activate a SRF transfected reporter gene. HoweWRK1/2 and p90RSK
phosphorylation was completely blocked by the dpedlEK inhibitor (U0126). In
similar context, SDF1r stimulates the transcriptional activity of SRF lmat STAT5
while PDGRg does the opposite. Finally, soluble CD23 inducespitoliferation of 697
and BAFO03 which are other pre-B cell line models.

These data suggest that théB5 integrin-ligated ligands stimulate SMS-SB cethgth
by promoting different signalling pathways, mainlgk2/STAT5 and MEK/ERK1/2
pathway.

Further work is required to determine the role 8A35, p90RSK, c-Src and SRF in
stimulating either the proliferation or apoptodmait promoted by theVp5 integrin-
sCD23 interaction and to investigate the relatigndfetween the activation of these

targets.
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1 Introduction

1.1 B Lymphocytes

1.1.1 Introduction

The immune system is divided into two major systethe humoral and cell- mediated
immune system. Both of these classes are linkgdtiher such that each one works
optimally with the othef. Cellular compartments of the immune system @uolassified
into two main groups based on their lineages; theelod lineage which includes
monocytes, macrophages, erythrocytes, megakargcyed the lymphocyte lineage
which produces B or T lymphocytésThe B lymphocyte is one of the major members of
the immune system which plays a key role in the dnatnimmune system due to its ability
to produce and release a vast number of immunolyhsbwafter its activation and
differentiation into a plasma cell. B refers to Bomarrow where the generation and
maturation of B cells takes place in humans. Bscdilke other cellular compartments of
the immune system, are generated from hematopoisteam cells. The lineage of B-
lymphocytes begins in foetal liver and B-cell lyngpoiesis takes place in bone marrow in
all mature mammald It is derived from the pluripotent haematopoiestiem cell (PHSC)
similar to any other blood cellular compartmehtdhe maturation and differentiation of
B-cells occur due to several factors that impactgene expression in its development
program®. This program is divided into two main phases, ahégen-independent B-cell

development phase and antigen-dependent B-cellajgwent phase, respectivély
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1.1.2 Antigen-independent B-cell development phase

The antigen - independent phase of B cell developnoecurs in the bone marrow,
starting from the pluripotent haemopoietic steml ¢EIHSC) and progresses through
several successive stade8-cell developmental stages in this phase are cteiaed by
somatic recombination and rearrangement of botlvyhemd light chain genes The
earliest step of B-cell development in this phasets with differentiation of the PHSC
into lymphoid stem cells (LSC), which are also edliCD34 bipotential lymphoid stem
cells ®. Under the effect of certain transcriptional factsteh as PU.1, Ikaros and E2A,
LSCs become either a T-cell precursor which istified by expressing CD2 and CD7, or
a B-cell precursor which is identified by expressif CD19°%"%° The first B lineage —
committed progenitors are called pro-B cells arel@draracterized by the presence of both
CD45R and CD43 on their plasma membrane outercaiffigure 1.1¥. In addition, late

pro — B cells are characterized by the presenogtoplasmic heavy chain protein of the

class as well as CD19 (figure 1.2}. Aimost all of these markers are Ig heavy chain

rearrangement relate@’. The process of Ig heavy chain rearrangement is ligthby

joining Vy to DJ; at the end of pro-B cell maturation stage whiddketo expression @f
chain on the cell surface as a part of pre-B aaeptor (pre-BcR) which appears as a
marker of the transition from pro-B cell to pre-Blic(figure 1.1)'>* During the early
stages of pre-B cell maturation, cells are large identified byCD43 down-regulation as
well as Vpre- /A5 surrogate light chain expression (figure £

At this stage, cells undergo a rapid proliferatpocess which leads to increagedhain

expression on the outer plasma membrane surfa€ensequently, the dramatic increase
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of proliferation increases the opportunity ofchain attachment to IgL chains, which is

essential for further maturation, signalling andgassing'.

H Vpre-B
CD4SR 4
o-0—9 & -9
CD19 oy .
PHSC LSC V-D-J rearrangement

pro - B cell pre-B cell
iy IgM b IgM
Secondary Lymphoid Organs -« Y
Mature-B cell Immature-B cell

Figure 1.1 Antigen dependent B-cell developmenB-cells are derived from a Pluripotent haematopoiet
stem cell which is converted to a lymphoid stent ¢8C). Due to the B,J4 locus rearrangement, the LSC
is converted to early pro B-cell stage which iaraeterized by CD19,CD45R and CD43 expressionhdt t
late pro B-cell stage the cytosolicheavy chain starts to appear as a phenotypicctigfie of Vij-Dy-J4
rearrangement process. Consequently, these adtesdéad to conversion of pro B-cell into Pre B-edlich
seems morophogically large and characterized b§CI@D45R andi heavy chain — light chains (as the
VB /A5 surrogate). These cells proliferate and conwersrhall pre B-cells which in turn convert to
Immature B- cells which express IgM on their suefathe last stage of this process is called theirad-
cell and expresses IgM and IgD and migrates tes#wendary lymphoid organs such as spleen and garmin
centres.

In general, the Pre-B cell stage is characterizethe presence of several markers such as

CD45R , CD43 and IgL locus re-arrangement during the small [a@B cell stage

(figure 1.1) °. Light chain gene rearrangement and complete IgMessgion on the cell

surface are important markers that define the immeaB cell stage®’. After that,

immature B cells undergo further differentiatiordasther gene rearrangement processes
which lead to expression of both IgM, IgD and C2&3well as CD45R on the cell surface
®11 The B cell is now ready to leave the bone maravd migrate into peripheral

lymphoid tissue such as spleen and lymph nédks

20



1.1.3 Antigen-dependent B-cell development

The lifespan of mature B-cells in the secondarydiioid tissues and circulation system is
between several weeks to several months and totamaitine quantity of B-cells in both
systems the newly-developed B-cells are eventuefiiaced™.

In this phase, B-cell activation occurs by two eiént processes, T - cell - dependent and
T-cell - independent development. In fact, the immuesponses require both procesées
B-cell activation starts by the binding of B-cedkeptor (BcR) to the specific antigen either
via cognate recognition and T-cell help or throwgbss - linking of the BcR by antigens
112 T_cell independent development occurs without MH&s II- restricted T-cell help
and leads to a response to a small number of astigEhese thymus-independent antigens
are resistant to degradation processes and calasmfied into two categories depending
on their mode of activation. The first category lmcterial cell wall components which
belong to Gram-negative bacteria and all of theenlipopolysaccharides, while the second
category is large polysaccharide molecules. Thva@in of B cells by the first group
requires high antigen concentrations. However,séwond group can activate B cells by
using non-cognate T-cell help such as cytokih&s

In general, T-independent antigen stimulation ogdtirough several signal transduction
molecules such as THNFCD19, HS1 protein, Lyn, IL-5é&Ras well as lymphotoxin. On
the other hand, in the T- dependent antigen dewstop process, B cells undergo
proliferation, differentiation and activation byetimteractions between T-cells and B-cells.

These interactions require the help of T helpefscély) and sets of complementary

cytokines™.
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1.1.4 The importance of non-lymphoid stromal cells of the
bone marrow for B cell development

Isolated stem cells cannot differentiate into Bscad culture unless grown in the presence
of bone marrow stromal cells which provide sevémgbortant factors™. One of these

factors is the ability of stromal cells to providpecific adhesive contacts with the B cell
during all developmental stages, using particul-adhesion molecules and ligantts
Moreover, several essential soluble growth andedbfitiation factors are provided by

stromal cells. Stem cell factor (SCF) is one othéactors which is mandatory for B cell

development’. SCF is a member of ¢ — kit ligand family which irstets with a tyrosine
kinase receptor on the outer membrane surface aglliBorecursors®. Another important

factor is the chemokine CXCL12, also called Strbcedl-derived factor 1 (SDF1), which

stimulates the proliferation of both pro-B cellsdapre-B cells, and is required for the
maturation of B-cell precursors. In mice, both pro-B cells and pre-B cells require

interleukin 7 (IL-7) produced by bone marrow stromells *2 In vitro, interleukin 7 shows
an effective role in cellular proliferation, suraivand development. However, in humans

there is no clear evidence about the roles of 1h-&ny of these processts

1.1.5 Disorders caused by defects during antigen -
independent B-cell development

1.1.5.1 Primary immunodeficiency

1.1.5.1.1 X- linked agammaglobulinaemia (XLA) :

XLA is one of the primary immunodeficiency disorgeand is caused by a Bruton’s

tyrosine kinase (BTK) gene mutati6nThis mutation occurs in X-linked agammaglobulin
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(XLA) and all XLA patients have a deficiency in thpercentage of normal peripheral
blood B cells as a result of blocking the transitad pro- B cells to the large pre- B cells
due to the mutation. BTK is a major player in sijng downstream of pre-BcR, as well
as having a role in BcR activation, primarily bjnsilating calcium flux®. In fact, BTK

gene mutations lead to changes either in BTK pndtiling or stability”.

1.1.5.1.2 Common Variable Immunodeficiency (CVID) :

Individuals with this disease exhibit a low levélglasma Ig and they are susceptible to
infections as well as having a variable reductionmemory B cells, class switch
recombination (CSR) and B cell activatidn This disease is characterized by several
mutations such as in the activated T cell stimuataolecule ICOS, CD19 and TNF

receptor’.

1.1.5.1.3 Hyper- IgM syndrome :

Hyper-IgM syndromes are humoral immunodeficienciBsitients who are suffering from
this disease have elevated serum IgM and decrdgBednd IgA serum levels together
with recurrent infection&®. This disease is characterized by several muttod there are

five types of it defined so far. HIM-1 is the ma@stmmon, being an X-linked mutation in
CD154“. Furthermore, the defect of CD40 signalling issidared as the major reason for
the disease development, because due to this d&fesits do not recognise T-cells which
blocks g class switch recombination (CSR) in BsEl The second type is HIM-2, a very
rare type, which is an autosomal recessive inteesgmdromé®. This type is characterized

by deficiency of Activation-Induced Cytidine Dearase (AID) which in turn leads to a
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CSR defect'®. HIM-3 is caused by mutation of the CD40 genewadl as one of the
Activation-Induced Cytidine Deaminase genes (AICDA}’. The last two HIM-4 and

HIM-5, are both CSR defects but have differentatiahs to the other¥.

1.1.5.2 Autoimmunity

Within the B-cell lineage there are several cheaksowhich control B- cell selection,
both in the bone marrow and the peripheral lymphisdues®. The activation or the

inhibition of B-cells, which depends upon both Thteimulation and the B-cell itself,
requires balance between the activating signalgratect our bodies from the invasive
pathogens®. On the other hand, the imbalance between thosalsigould lead to either
massive infections or autoantibody production amdienmunity as a resuft®.

Autoantibody production is believed to be a natyedcess of the adaptive immune
response that arises as a consequence of the mobatetween the activating and the
inhibiting signals, for example, in rheumatoid atth, an autoimmune diseas€.
Recently, the contribution of B-cells to severatammune diseases in the human being
has become cledr™. In this regards, the B-cell contributes to autoiime diseases in
different ways, for example by producing autoardies such as in systemic lupus
erythematosus (SLE), by presenting autoantigen teellf or by producing

proinflammatory cytokine&’?°

24



1.1.5.3 Leukaemia and lymphomas

Several haematological and immunological studiesehahown both cytogenic and
molecular genetic abnormalities in malignant B-ige cells'. In follicular lymphoma, the
anti-apoptotic Bcl-2 gene is translocated to chreomee 14 and falls under the influence of
the enhancer element (Ep) of the Igh lo€udn addition, clonal Ig gene rearrangements
are implicated in Hodgkin’s lymphonfd The second part of this review will give more

details about the acute lymphocytic leukaemias.
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1.2 Leukaemia

1.2.1 Introduction

Leukaemia is a Greek term; Leukos means white earcand heima means blood. In
general, Leukaemia is a definition of blood canwedrich means an abnormal and
uncontrolled growth of blood cells in bone marréiv It occurs in either mature or
immature cells”®, Generally, there are three major classes of bloamter; leukaemia,
lymphoma and multiple myeloma. Both leukaemia ayjmdphoma affect lymphoid cells
but there are several essential pathological diffees between them. Leukaemia usually
occurs in bone marrow during the lymphoid cell mation process, while lymphoma
originates in lymphatic system causing enlargenttemaffected tissues and is generally a
solid tumour®.

There are four major types of leukaemia which #aesified according to the cell type and
mode of progression :

1. Acute lymphocytic leukaemia (ALL) occurs in either T or B lymphocytes. In this
type of leukaemia, the cells, mainly immature lyropytes, grow rapidly°. Most
recorded cases are children but it is also affadtsts?®. The cell line model used
in this study is called SMS-SB cells which was ekshed from the bone marrow
of nine year-old girl suffering from acute lymphdticyleukaemia. These cells are
B-cell precursors roughly between Pro-B cells arde pre-B cells.

2. Chronic Lymphocytic leukaemia (CLL) occurs in either T or B lymphocyté%

It is called chronic because cells grow slowly; fitegression is different from

patient to patient but generally takes months taryend the majority of affected
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3.

cells are mature B lymphocyté$ Chronic leukaemia is common in older people
but it is found in different age groups

Acute myelogenous leukaemia (AML)occurs in myeloid cells and it is common
in adult males but can also occur in children aethdles®’. In this type of
leukaemia, cells grow rapidly and the bone marreaones very congested. There
are different subtypes of AML such as acute megaldastic leukaemia, acute
promyelocytic leukaemia and acute myeloblastic emhkia®’.

Chronic myelogenous leukaemia (CML)occurs in myeloid cells, mainly in
adults and can occur in children though that iy vare. It is characterized by slow
progression and there is one subtype of this leukae&alled chronic monocytic
leukaemia®. Clinically, 95% of diagnosed cases were assatiatith BCR/ABL
chromosomal translocation (Philadelphia chromosdrhe)

Other types of leukaemia;there are some other types of leukaemia sudtaay
cell leukaemia (HCL) which occurs mainly in adult males and is easirdat, T-
cell prolymphocytic leukaemia (T-PLL) which affects mature T-cells and mainly
in adults. This type of leukaemia is very rare,ussan men more than woman and
is very aggressivé”. Large granular lymphocytic leukaemia which affects
either Natural killer cells or T-cells, is very eaand not aggressivé Adult T-cell
leukaemiais a viral infectious disease caused by HTLV. Thigs infects CDAT-

cells and makes them proliferate abnormaly
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1.2.2 Acute lymphocytic leukaemia (ALL)

Acute lymphocytic leukaemia is a malignant diseasaurring in lymphoid cell precursors
and can affect either adults or childr@n Clinical statistics show that the most common
cases arise between the ages of 2 to 5 yearsditicawl there is a promising development
of treatment where more than 80% of cases have beesd using different kinds of
regimens containing vincristine, cyclophosphamidexorubicin or methotrexate which

also depends on genotype, phenotype and risk assess' .

1.2.2.1 Acute lymphocytic leukaemia classification

There are different systems to classify ALL accogdio different biological and clinical
features. Clinically, the most common classificatiosed is called French American
British (FAB) system which classifies ALL accorditma number of biological featurés
33 The main purpose of this system is to simplifg #election of treatment procedures
including the regimen components, dose and théntesa period. In this system, ALL is
classified into three primary sub-types accordimgize and shape of the leukaemic c&lls
,33'

L1 is the most common in children. Morphologicallymiphoblasts are small with normal
nuclear shape and are either T-cells or B-&lls

L2 occurs in adults more than children. In this syfet the affected lymphoblasts are T-
cells or B-cells and they are immature and pleommicrgCells look large with cytogenetic

and nuclear shape alteratiofis
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L3 also called Burkitt's leukaemia/lymphoma which negents the least percentage of
recorded cases. The affected lymphoblasts in thiiéype are large with regular nuclear
shape™.
Recently, the World Health Organization (WHO) hdassified the ALL subtypes into
three different subgroups according to cytogereati immunophenotypic characterization
as the following®™:
1. Acute lymphoblastic leukaemia/lymphoma [mixture BAB L1/L2]. This type
includes:
a). Precursor B acute lymphoblastic leukaemia/lympaowhich are also in  turn
classified into four cytogenetic subtypes:
. t(12;21)(p12,g22) TEL/AML-1
. 1(1;19)(q23;p13) PBX/E2A
. t(9;22)(q34;q11) ABL/BCR

IV.  T(V,11)(V;q23) V/MLL

b) Precursor T acute lymphoblastic leukaemia/lympaom

2. Burkitt’s leukaemia/lymphoma [FAB L3].

3. Biphenotypic acute leukaeniia

The FAB classification system is broadly used ftinical diagnostic and treatment,

whereas the WHO system could be used for eithensfic research or clinical purposes.
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1.2.2.2 Chromosomal abnormalities

In many developing leukaemic cells, there are dabée chromosomal alterations such as
translocation, inversion, deletion or additfSnNowadays, chromosomal translocations are
useful for identifying and diagnosing the subtypleasute lymphocytic leukaemi®’.
Biologically, these translocations lead to actiwatof certain transcription factors which
in turn control genes that control, either dingatk indirectly, cellular differentiation,

proliferation or survival®

. About one fourth of recorded cases of acute lymogtic
leukaemia which occur during childhood are relatedhe TEL/AML-1 fusion protein, a
consequence of translocation between chromosonand21, t(12;21)(p12,g22§*". In
mice, both Tel and AML-1 genes have a central imlaaemopoietic-cell maturatiof.
However, the TEL/AML-1 fusion protein is believedl e a pre-leukaemic cell inducer as
it is responsible for the alterations of self-reaéprocesses as well as changes in survival
and proliferation mode¥. In adults, more than 30% of ALL recorded casesralated to
chromosomal translocation between chromosome 9 2&d which is called the
Philadelphia chromosome (figure1®)*° This translocation leads to fusion of the BCR
protein to ABL, a non-receptor kinase, which imtlgads to downstream signaling events;
the best known target pathway is the Ras-Mek-Egkading pathway which is considered

to be involved in the regulation of genes that mantell survival, differentiation and

proliferation®.
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Before translocation After translocation

Chromosome 22 Philadelphia chromosome

BCR

Figure 1.2 Philadelphia chromosomeOne of the common chromosomal translocations fann@s% of
CML cases, 30% in adult and 5% in pediatric ALLipats. The translocation occurs between chromo$bme
and chromosome 22, t(9;22) (g34;q11) ABL/BCR. Ttanslocation produces ABL/BCR fusion protein
which underlies the cell survival

One of genetic lesions which induce many casd®-céll progenitor acute lymphoblastic
leukaemia is epigenetic silencing of cyclin-depernd@nase inhibitor 2A gene (CDKN2A)
which encodes either the tumour suppressor p1614r’Dp In the same context, several
published analyses reveal a link between the @iberaf the PAX5 gene and the onset of
B-cell precursor lymphoblastic leukaenfia Furthermore, some genetic studies identified
some kinds of chromosomal deletions in differensesa of B-cell precursor acute

lymphoblastic leukaemia such as IKZF3, IKZF1, LEFRIF3 (E2A) AND EBF1 (EBFf2
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1.3 Integrins

1.3.1 General Overview

Integrins are membrane glycoproteins which playessvvital roles in communication
processes between intracellular and extracellularirenments by mediating various
intracellular signals. In addition, integrins playmajor role in the regulation of cellular
shape, mobility and the cell cycfé Moreover, integrins attach the cell to the tissnd a
are capable of revealing the status of the cehéosurrounding environmefit This may
reflect on the main function of whole organ or disssuch as the role of GPIIb/llla in
platelets and the coagulation proc&ss

In fact, integrins have been found in all mammalsere are many kinds of integrins and
many cells have multiple types of integrin on theiasma membrane¥. So far, 18a
subunit genes have been identified angl $ubunit gene&”. These subunits can form 24
different kinds of integrin receptors that mediatirge spectrum of cellular functions and

behaviours®.

1.3.2 General structure of integrins

In general, integrins are heterodimers composetivofdistinct types of polypeptide
chains, thex andp subunits*’. These subunits have numerous forms which cause the
variety of integrins; for example, thé/ subunit forms a heterodimer wifii, 3, 5, p6
andp8 *°. Thea andp subunits have a short intracellular domain of adéu— 70 amino
acid residues, with the exception of fi# subunit which has an intracellular domain of

1088 amino acid residué® On the surface of cell, the extracellular domafiloth the

32



a andp subunits lie close together and the N — termieglans of each chain form a
binding region for the extracellular matrfk The extracellular portion of subunits
contains about 1104 amino acid residues while #taeellular portion of3 subunit is
composed of about 778 amino acid residtieSo far, we could say that the molecular
weights of integrin subunits are different from dioethe other but generally they are
between 90 kDa — 160 k4 The N-terminal regions afVp3 come together to form a
globular head domain that generates the liganditmnsite*’. This binding site head is
linked to the membrane by a stalk which as a lep§ttbout 176 *’. Some mammalian
a subunits have an extra 190 amino acid domain wisctalled the | domain (also
known as VWFA domain}®. Moreover, mosp subunits can associate with more than
one a subunit; for instancel is found in association with 11 differemtsubunits™.
Therefore, there are several systems for classditaand characterization of integrins,
but the most of common one dspn where n is the subunit numb¥r The integrin
subunits dimerization underlies the integrin bimgdiocharacteristics which in turn control
the function of the integrif’. For instanceg1f1 andalp2 both bind to collagens or act
as cell — cell adhesion molecuf@s®} indeed, almost all of thg2 family are involved in
cellular adhesion process¥s

Both o andf subunits contain several cations and the numbénesfe cations depends
on the presence of acidic amino acids in theircstmes*®. The role of the cations in the
a subunits still unknown, but they may play a ratethe stabilization of the folds of
protein®®. However, the cations in tiesubunits are involved in integrin — extracellular
matrix interactions®’. In addition, p subunits have four cysteine — rich repeated

sequences that may play a major role in that intiena*.
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1.3.3 General functions of integrins

There are two major functions of integrins; attaehimof the cell to the extracellular
matrix and transduction of the signals betweenaeitular matrix and cytosol’.
Moreover, integrins are involved in many biologiaadtivities, including binding of

viruses, cell migration, immune activation, &t¢?

1.3.3.1 The role of the integrin family in cellular attachment

The extracellular head domain of the heterodimeinosome cases the extracellular
portion of the individual subunit, and particulatlye o subunit, contains the ligand
binding sites®®. The most well characterized target motif is am-&ly-Asp (RGD)
sequence which is present in many different adkekgands such as vitronectin and
fibronectin®®, In general, integrins bind their ligand in thegence of divalent cations
such as Cd4, Mn*'or Mg ** However, this cationic binding dependence varies
between the integrin family members. For examplagmesium enhances the binding of
aVpB1l ando2Bl to their ligands but calcium does not, while thirding of aVB3 to
vitronectin can use either catidh Several functional proteins which regulate dalu
adhesion, migration or interaction bind to themg& integrin either through the RGD
motif or other motif such as the RKC motif in sSCDZ3 This binding stimulates the
intracellular domain of the integrin by causing fmymational changes which may lead
to cytoskeletal protein clustering or initiation afcertain signaling pathway in order to
control cellular activity such as proliferation,reival or apoptosis®. Many published
studies reveal that several integrin family membeostribute to many tumour

malignancy behaviours such as proliferation, salyimnetastasis, and invasion
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1.3.3.2 Integrin - mediated signalling pathways

The ability of integrins to perform their role aarissmembrane bridges between the actin
filaments of the cytoskeleton and the extracellutaatrix is controlled by the Ras—
related GTPase famif{f. These communicating bridges are important noy ot cell
adhesion, but also for cell motility, migration amdegrin—related signalling functions
58.

Integrin — mediated signalling events can be ddidgo two groups; the first one is
driven by ligands that bind directly to integrinausing them to cluster and directly
activate signalling pathway¥’. This pathway involves or activates cytoplasmiosijne
kinases such as focal adhesion kinase (FAK) andegthrreonine kinases ( e.g., mitogen
— activated protein kinase MAPKRYj,

The second group of integrin — mediated pathwaygslied the "collaborative signalling
pathway" which is initiated by other groups of netoes such as receptor tyrosine
kinases (RTKs) which are activated by certain ghofactors and which then enhance
integrin activation which leads to efficient transtion of signals®®. The affinity of
integrin toward its ligands is controlled by inteflalar inducers such as the active form
of R-Ras which increases the binding affinity o33, a4f1 anda5p1 integrins for
ligands™®.

Integrins can also modulate MAPK phosphorylatiomotigh the classical MAPK
signalling pathway of Ras/Raf/MEK/MAPK (ERK). Thaction depends upon either
FAK, Src-family kinases (SFKs) or both togetlf8f' Moreover, integrins activate
several transcription factors as a downstream cpes®e of different signalling

pathways. One of these transcription factorsgBl|Feontrols expression of a spectrum of
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genes such as pro-inflammatory genes and someiog®o¥. Figure 1.4 summarizes

some signalling pathways modulated by differerggnin family members.

Integrin

DOCK180

JUN /

Nucle
Figure 1.3 Signalling pathways modulated by differet integrin family members. Integrins activate

/Ei

several transcription factors, in order to conttifferent cellular activities or events such aslifeoation,

migration or differentiation.

1.3.3.3 Growth factor signalling mediated by integrins

Integrins are able to modulate signalling pathwaygsch are activated by soluble
growth factors and other differentiation stimtfli This phenomenon has been observed
in several cell lines and seems to be general. dtigese pathways is the activation of
RTKs which leads to the activation of mitogen siting *®. According to Sundberg and
Rubin, the integrin -mediated activation of platelet derived growth dactp receptor

(PDGFRS$) is independent of ligand ( i.e. PDGF®. In contrast, a highly tyrosine —
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phosphorylated portion of PDGFR associates witf3 integrin in the presence of
vitronectin®*. So far, it is not clear whether the RTKs and grites associate together
directly or whether other cellular components anelved in their associatiolf. Some
studies suggested that the efficiency of the MARiScade, which is enhanced by
integrin — mediated adhesion, may involve Raf riégrent and activatior?®. Other
studies suggested that the activation of MAPK isagiced by MEK rather than R¥t
Recently it has been clear that integrin — depenaéinesion molecules play a major role
in modulating growth signalling pathways via botiK® and the MAPK cascade,
meaning that integrin — dependent adhesion molschkve an importance in the
regulation of the cell cycle and apopto¥isin addition, there are some reports showing
that soluble growth factors, motility factors andfetentiation factors require the

activation of certain types of integrif

1.3.3.4 Integrin - mediated apoptosis

Apoptosis is an important biological process whiggulates the growth of cells,
whether normal or tumour cells, and the role oégnins in the apoptotic process has
been recognised since 1996Although the caspase family proteases have a malier

in modulating apoptosis in both down and up strements and in cooperation with the
Bcl-2 family, the activation of the Jun-kinase K)Ncascade also has been shown to be
an apoptotic mediator in some cell ty58sOn the other hand, the activation of the PI3K
— Akt cascade has been shown to be an apoptotagamist®®. Furthermore, some
published work shows that FAK can be cleaved bypases family proteases to initiate
the apoptotic mechanism which, in turn, blocks Fi# — PI3K — Akt pathway®. The

role of integrin — mediated apoptosis is to mamtae expression of Bcl-2 which blocks
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caspase activatioff. In addition, integrin — mediated signals canivate the MEKK-1
— JNK cascade which also leads to suppressionagtegis’’. In conclusion, integrin —
mediated signalling pathways play a regulatory mla network of cellular events such

as adhesion, apoptosis, growth, proliferation edéhtiation and mobility.

1.3.4 av integrin structure and its importance

According to Nemeth (2007), the structurexefintegrinis different from the other types
of integrins, because thesubunit can bind one of five differeptsubunits 81, B3, 5,

B6 andp8 subunit’® av integrins play a major role in wound healing dei¢heir ability
to bind to vitronectin and fibronectin as well &git role as collagen receptdrs avp3

is a member ofwv integrin subfamily and has an important role imtwr growth,
tumour — linked angiogenesis and metastatic presé&sThere is some evidence that
has shown high levels ofvB3 integrin on many sold tumours, such as cancers o
kidney, breast, lung, prostate, ovary and SRiff Moreover,avp3 integrin plays a key
role as a mediator in spreading and migratory pt@seof human melanocytés Both
avp3 andavp5 are highly expressed on osteosarcoma cells ahdobthem can mediate
adenovirus infectior® .

Unfortunately, any functional or structural altépatin integrins may promote many
health problems such as cancer, tumour growth, stastis, coagulation, bleeding, étc
% Hence, the recent research interest in anti-cadheeapies directed towaod integrin

2 In a different contextgv integrins regulate the blood vessels formatioringuthe
embryonic progressioff. Bader and his group have investigated the rotesditegrins

in vascularisation by usingv integrin knockout mice. They found about 80% lodde

mice diein utero while 20% die a few hours after birth and thissveaaccompanied by
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extensive abnormalities in brain vessels, intebtiessels and bleedingf. These
findings suggested thatv integrins are important in either blood vessehtfation or
maturation. A supportive study was conducted bygrand his group where they found

hemorrhagic disorders 8 knockout micé™.

1.3.5 Integrins and leukaemia

Integrins play an essential role in cellular adbesivhich in turn plays an important
anti-apoptotic role in both normal and leukaemicedhs 82 Apoptosis was induced
using monoclonal antibodies against either VCAMrb4$1 integrin®®. These findings
explained the role of integrin in the cellular asiba between leukaemic and stromal
cells which is believed to be essential for presui leukaemic cell survivaf. In pre-

B acute lymphoblastic leukaemia, integrins moduthfierent signaling pathways which
may underlie cell survival®. In the same context, integrins upregulate both2Band
Bcl-x. genes®. Bcl-2 and Bcl-x are proteins that contribute to the anti apoptotic
process. In addition, Matsunaga and his group Mauned that the interaction between
fibronectin and VLA-4 leads to Bcl-2 upregulatiohan outcome of the activation of the
PI3K/Akt cascade in acute myelogenous leukaemia IQABEIl lines ®. Furthermore,
the stimulation ofp1 integrin in pre-B acute lymphocytic leukaemia (Alinhibits both
caspase-3 and caspase-7 as well as inducing thiessign of two apoptosis inhibitor

proteins which are called Survivin and X-linkedilsitor of apoptosis protein (XIAP¥.
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1.4 CD23

1.4.1 CD23 structure

CD23, also known as (ERII), is a glycoprotein with a molecular weight48 KDa and

is usually present on many immune cell membrangseaally B — lymphocytes and
monocytes®’. In fact, it is expressed in many different cgibeés such as Langerhans
cells, endothelial cells, platelets, follicular deitic cells and some epithelial ceff&in
addition, this protein is sometimes present freebliood and called soluble CD23
(sCD23)%".

Although CD23 is considered an Fc receptor, itacstire is different from other Fc
receptor$®. Membrane bound, trimeric CD23 is composed ofefpertions; head, stalk
and tail. The head portion is the C - terminal &s@tlular portion and is composed of
three C — type lectin domairt® ° The stalk also is an extracellular portion which is
composed of a trimerig helical coiled — coil containing N — linked glygdetion sites;
the cytoplasmic tail is the N- terminal intracedlulportion ® °* The extracellular
portions are composed of 277 residues while thesinr@mbraneous domain and the
cytoplasmic terminal are composed of 20 and 2@8lues, respectivel}f.

CD23 can bind to both CD21 and IgE simultaneousipugh specific binding sites in
the extracellular lectin domaifi. Two lectin domains can bind toc® domains in IgE.
However, the third lectin domain of CD23 expressas to three binding sites for CD21
% The interaction between CD23 and IgE is“Cdependent. However, the interaction
between CD23 and CD21 is carbohydrate-depenffefigure 1.4 shows the binding
sites on CD23 lectin domains, the binding site ghamvyellow colour is specific for

binding thexVB5 integrin which was identified by our laboratdry
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Figure 1.4 Binding surfaces on human CD23The lectin domains of human CD23 have three
distinct binding sites IgE binding sites (blue), ZDbinding site (red) andV integrin binding
site (yellow). This figure is adapted from Borlagidal*®

There are two different forms of CD23. These forane different in their structure
and location. The first form, called CD23a, is éifint in the N — terminal six amino
acids from the other form, CD23B CD23a is usually present on B- cells while CD23b
is present on a variety of cell typ&% Furthermore interleukin — 4 is required for

CD23b expression on B celf§.
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Figure 1.5 CD23 structure.lt is composed of three parts, C-terminal portidnch contains the
binding sites, the coiled-coil stalk containing gigcosylation site and the N- terminal portion
which is the cytosolic portion. This figure is atighfrom ( Sutton and Gould, 1993")

CD23 normally undergoes proteolytic processing wiatalloprotease enzymes that
release soluble CD23 into serdfn There are many products of proteolytic cleavaige o
CD23 and these products differ in sizes and funsfid This cleavage process occurs in
the coiled-coil stalk as it is susceptible to podgsis®’. CD23 cleavage produces 37, 33,
29, 25 and 16 KDa fragments all of which contaie tB-terminal domairf®. Some
papers reported that the fragments which have nlaegveight more than 25000 MW
promote IgE synthesi®®® On the other hand, the fragments of cleaved CB&gh

have molecular weight equal or less than 25000 Mppeesses IgE synthesfs
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1.4.2 CD23 function

CD23 binds different ligands such as immunoglaisi({igE), glycoproteins (CD21) and
viruses such as Epstein Barr Virus (EB¥) CD23 plays many important roles in
regulation of IgE production, control of histamipeoduction and T — cell / B — cell
interactions®®. CD23 is capable of linking IgE with another glpecotein CD21 and this
binding is a trigger for IgE production and, acdéongdto that model, CD23 plays a major
role in IgE production as a positive regulat®t The CD23/CD21 — IgE complex also
requires other stimulation effectors such as iaté&in — 4 and interleukin — 1%' 1%2
The inducing role of these effectors is sometimlesked by interferory, interferona
and prostaglandin E2%%1%3

Moreover, the production of IgE requires T — celB/— cell interaction, a process
enhanced by CD23; this has been proveditro by using anti-CD23 monoclonal
antibodies, where the results clarified that th@es no interaction between T and B —
cells in the presence of the CD23 antibdd$ The other possible role of CD23 is
regulating histamine production due to its bindiagcD21 on the surface membrane of
basophils'®®. Furthermore, a high concentration of free CD28yffnents in plasma is
usually associated with inflammation and some disgasuch as asthma, chronic
lymphoblastic leukaemia and rheumatoid arthrfis Clinically, an increased serum
CD23 level was found in systemic lupus erythemapguimary Sjogren's syndrome,
glomerulonpharitis and rheumatoid synovitf§981?

In addition, soluble CD23 stimulates monocytesrmdpce both tumour necrosis factor
— o (TNF-0) and interleukin —d *'°. Consequently, sCD23 interacts with interleukin —

1o to stimulate the differentiation of monocytd®. In this context, soluble CD23
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interacts with CD11b oMp2) and CD11lc Xp2) on monocytes, which drives
monocytes to produce proinflammatory mediators sscimterleukin-d, interleukin-3,
interferon-y and interleukin-6’*. The CD23-CD11b/CD11c interaction also increases
levels of nitrate, hydrogen peroxide and other atiig products”.

In human B lymphocytes, soluble CD23 interacts Wgi which leads to increased Ca
and cyclic-AMP levels$'’. Moreover, membranous CD23 acts as signal traesducen
cross-linked with several B cell membrane protaash as MHC class 1l , CD9,CD81
and CD82''%!13 Recently, some researchers reported that CD33 pla important role

in supporting the survival of pre B — cells viahisding toavp5 integrin®.

1.4.3 CD23 — av5 integrin interaction

The avp5 integrin, like other integrins, is a heterodimetiansmembraneous receptor
composed of two protein subunitsy and p5 *°. The avp5 integrin is one of the
vitronectin receptors which means that in@5 integrin plays several roles in cell
attachment, survival and growtfi"**>!® In addition, in tumours, thev5 integrin is
implicated to be one of the important mediatorstwhour growth, metastasis and
angiogenesi&>*!’

The avp5 integrin interacts with its ligands such as wigotin and fibronectin via a
distinct binding motif, known as the RGD motif, whiis arg-gly-asp>*'3*? In a
different context, soluble CD23 also interacts wdlifferent integrin family members
and this interaction underlies the production dfedent cytokines such as ILa1IL-1p,

IL-6 and IFNy as well as proinflammatory mediators such as rlgu&in-183,

interleukin-6 and tumour necrosis factot?®-120-121.122
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Recently, our laboratory has found that thgd5 integrin recognizes an arg-lys-cys
(RKC) motif on sCD23 in an adhesion — independeteraction®. In addition, this
interaction plays an important role in the growttpe — B cells, and also activates ERK
123 Furthermore, ERK activation was increased in phesence of SDF1?. These
findings suggest that the activation of ERK mighterlie B-cell survival and growth,
and that any enhancement or synergistic effect ftarbone marrow microenvironment
such as stromal cell — derived factor 1 (SDF1) @ng@latelet derived growth factor

(PDGF) might be delivered via ERK.

1.4.4 Other ligands related to haematopoiesis and avfps
integrin

1.4.4.1 Stromal cell - derived factor 1 (SDF1)

Stromal cell — derived factor 1 (SDF1 or CXCL12)gishemokine which plays several
roles during B — cell development in bone marréfy SDF1 is produced by immature
osteoblasts in bone marrow and by epithelial delidifferent organs?>%°*2? SDF1 is
composed of 67 residues, is about 8KDa, and presaenall vertebrates in different
isoforms SDF&, SDFP, SDFYy, SDFE and SDF#d 2412913 Both SDF& and SDFf
encoding genes are located on chromosome*10Recently, several studies have
demonstrated the ability of SDF1 to activate sogpeg of integrins such as LFA-1,
VLA-4 and VLAS5 and to play a synergistic role withitokines which might be required
for cell survival and proliferatiort®**3*13* SDF1 certainly plays an essential role in
haematopoietic cell maturation, survival and pestion'®. In addition, in various cell
types including B cell precursors, SDF1 increases intracellular calcium levels via

ligation of CXCR4 '%°'%7 This ligation also leads to the activation of
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phosphatidylinositol 3 — kinases (PI3K) and phosplation of MEK and ERK as a
consequence of phosphorylation of focal adhesiompiexes®*®. Moreover, SDF1
stimulates the Jak/STAT pathwdy”. On the other hand, SDF1 is thought to play
different pathological roles such as HIV infecti@nhancement, tumour growth,
inflammation and angiogenest§®'*'%? In terms of leukaemias, CXCR4 is highly
expressed in B- chronic lymphocytic leukaemia cellsch enhances their response to
SDF1'*3 Meanwhile, the migration, cellular adhesion andvival of different acute

lymphocytic leukaemia cell lines are enhanced énfitesence of SDEY

1.4.4.2 Platelet - derived growth factor (PDGF)

Platelet — derived growth factor (PDGF) was redogph and detected in whole blood
cells but was absent in the plastifa The major source of Platelet derived growth facto
(PDGF) is then — granules of platelets and it is synthesized therocell types such as
macrophages, epithelial and endothelial ckifd4¢1*° Several studies show that PDGF
plays a significant role in several physiologicgstems such as cellular development
and growth. On the other hand, PDGF is implicatedeveral pathological mechanisms
including atherosclerosis, fibrosis and neopldgta>!1°2

PDGF is composed of two polypeptide chains linkegkther by a disulphide boricf
There are four distinct polypeptide chains A, Ba@l D, which are assembled to form
the dimer of PDGF, whether homodimers such as PB@®A, PDGF — BB, PDGF —
CC and PDGF — DD or heterodimers such as PDGF 2AB>1%°

PDGF binds to its target cells via two types ofepgors PDGFR -« and PDGFR -,

and both are similar to each other in their stmett"”. The PDGFR -¢ has a high
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affinity toward A, B and C chains, while the PDGFR recognizes and binds to the B
and D chains™® However, PDGF requires proteolytic cleavage keefoeing able to
bind to the PDGFR®°. The PDGF exerts its biological role by inducihg tlimerization
of receptors which leads to autophosphorylatiothef PDGF receptor tyrosine kinase
(RTK) *®° In turn, the RTK phosphorylates many downstremmadling proteins-®°.
According to Soliven and his colleagues, PDGF skates both Src family kinases and
sphingosine kinase in oligodendroglial progenitdts Recently, some studies have
shown that the PDGF induces cellular proliferatimigration and differentiation via the
RAS/MAPK pathway and promotes cell survival througBK/Akt pathway'®>163164
Furthermore, PDGFR directly mediates STAT1 actoratand phosphorylates STAT3
via the phosphorylation of JAK protein in fibrobta'®>*® In addition, Paukku and his
colleagues have published that PDGF induces thvation of both STATS and c-Src in
mammalian cells®®’. PDGF induces cell growth via STAT5 phosphoryfatio in
different types of leukaemia such as AML and CM#1%°1"° Figure 1.6 summarizes
some of signalling pathways mediated by the PDG&s/Raf/MEK/ERK pathway,

JAK/STAT pathway and PI3K/Akt pathway.
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Figure 1.6 PDGF signalling.PDGF induces several signalling pathways depenaimthe cell
type and condition.

1.4.4.3 Vitronectin

Vitronectin is a 75 kDa glycoprotein present in theracellular matrix and plasnt&™
172 vitronectin has different binding sites so thasia multifunctional protein’’. One
of these binding sites is the Arg-Gly-Asp (RGD) rthotwhich is located in the N-
terminal domain and is involved in the cellularaatiment via the vitronectin-integrin
crosslink!”® In humans, the vitronectin gene is located inltimg arm of chromosome
17 174.

Vitronectin plays several biological roles such @dlular adhesion, spreading and
migration*"**"> In addition, vitronectin is involved in physioliegl processes such as

haemostasis via its binding to heparin, the immuesgponse by its binding to the
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terminal complex in the complement protein cascaale in cell proliferation as a co-
stimulant growth factot’**"317

Pathologically, vitronectin is implicated in severdisease processes such as
arteriosclerosis, degenerative central nervouesyslisorders, fibrosis and membranous
nephropathy'’®. Vitronectin is involved in angiogenesis and tumgeowth due to its
interaction withavp3 integrin'’’. Moreover, vitronectin plays an important functiion

wound healing via its binding to some of integ@mily members’®
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1.5 Signalling pathways related to cell growth, survival
and proliferation

1.5.1 JAK/STAT signalling pathway

Janus Kinases are intracellular proteins identifisdtyrosine kinases involved in cell
survival and growth stimulated by different grovélators, cytokines and interferoh’s”

180 At present, there are four members of the JAKilfain mammals, JAK1, JAK2,
JAK3 and Tyk2'®. The molecular weights of these kinases are betvi@® and 140
KDa and they have similar structuté. Each JAK family member is composed of
seven highly conserved domains called JAK homolbgyains (JH)***®3 The kinase
activity domain is in the C-terminal domain, whiishcalled the JH1 domain, and this
domain is followed by JH2, a kinase-related dom&fh The structural differences
between JAKs are located in the remaining five doman which the degree of
conservation varies from one to the otHér JAKs are activated by transmembraneous
cytokine and growth factor receptors. Normally,sineeceptors are associated with one
member of the JAK family via the intracellular ddma®*%*8” These receptors
undergo ligand-driven conformational changes legtiineither multimerization, such as
with cytokine and interferon receptors, or dimetima, as noted in PDGF and growth
factor receptors®'® This action leads to JAK phosphorylation and phosylated
JAKs in turn either phosphorylate the receptotfitseother downstream substratés

The major JAKs substrates are called signal tnacexd and activators of transcription
(STATs) ***. The STAT family is composed of seven members STAFTAT2,
STAT3, STAT4, STAT5a, STAT5b and STATS’. In humans, STAT1 and STAT4

genes are located on chromosome 2 whereas STAT&S8Ad6 genes are located on
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chromosome 12"192 The other STAT family members STAT3, STAT5a afh$5b
genes are located on chromosomé®#°2 Structurally, STATSs are different from other
transcription factors because they have Src-honyobdSH2) domains®*'*® These
domains are responsible for STAT dimerization actévation *°**. Once STAT becomes
phosphorylated at the SH2 domain the dimerizatidhstart between SH2 domain of
one monomer and the C-terminal of phosphotyrosindibg domain of the othér*%
The activation of STATs produces either heterodemsuch as STAT1-STAT2 and
STAT1-STAT3 or homodimers such as STAT1 and STAT3'%

In general, the JAK/STAT pathway plays severalaidht roles in mammals and other
vertebrates corresponding to the stimuli, cell tyged biological context. Many
published studies have revealed that the JAK/STAthway mediates several cellular
and biological functions such as proliferationppiosis and growth in response to
either cytokines, interferons or growth factors.

In haematopoietic cells, the JAK/STAT pathway wdemntified in different cases either
in normal or malignant cell lines. In 1997 Lacramgand his colleagues identified TEL-
Jak2 fusions in early B-precursor acute lymphstidaleukaemia as a product of
t(9:12)(p24;p13) translocation$®®. Similar data were shown in chronic myeloid
leukaemia but with additional translocations t(912)(p24;p15;p13}°". In both cases,
the transcription factor Tel is fused to the JHImdon of Jak2 and consequently
activates STAT1 and STATS%1%9%% |n addition, both STAT3 and STAT5 were found
activated in response to different cytokines araujn factors in several leukaemic cell
line models?°%%°1202203 \joreover, the anti-apoptotic role of STAT3 hagtshown in
multiple myeloma in which the activated STAT3 inrtyromotes Bcl-2 and Bcl:x

expressiorf>*. Several published papers have reported that gaimerderon-activated
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site (GAS) is the main site that activated STATisdbin order to regulate their target
genes in response to different stimuli such askuy&s, hormones and growth factors
205,206, 207 : : : ;

. Figure 1.7 describes the general activation sté@RAK/STAT pathway that

occur in different cell types in mammals.

STAT |
| STAT
Nucleus m
bl ©
| STAT
DNA

Figure 1.7 JAK/STAT pathway. Dimerization and auto-phosphorylation of Tyrosireake
receptors can be caused by different ligands swuchinirleukins and growth factors. (1)
Receptor tyrosine kinase and Jak phosphorylatioliggyd-driven conformational changes. (2)
Phosphorylated receptor kinase recruits and phoglaites STATSs. (3) Phosphorylated STAT
forms active dimers. (4) Activated STAT translocat&o the nucleus. (5 The activated STAT in
turn binds DNA at specific binding sequence maiflBAS) and activates the transcription of
target genes.

1.5.1.1 STATS5 structure and function

STATS5 is a name of two highly conserved STAT fammonomers STAT5a and
STAT5b. STATS5 was identified in 1994 by Groner ahts group in mammary
epithelium and was called at that time Mammary Gl&actor (MGF)*®. STAT5a is

composed of 793 amino acids whereas STATS5b cont@dB& amino acids. The
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similarity between the proteins reaches up to 96 the variability between them is
located in the C-terminal transactivation donfan?*®-#!1

The structure of either STAT5a or STAT5b is similamother STAT protein; composed
of N-terminal domain followed in order by coiledilc DNA binding domain, linker
region, SH2 and transactivation domains which ishim C-terminug**#*2 The linker
region is responsible for dimerisation which isegg&l for the transcriptional activity of
STAT5. The dimerisation produces either homodim8iATa/a) or heterodimer
(STAT5a/b), however, it requires the phosphorylataf either of them at a specific
target residue, at Tyrosine 694 for STAT5a and 3iy® 699 for STAT55% 23 The
phosphorylation event in either isoform typicallgcars by the receptor associated
tyrosine kinase proteins Jaks, Jak1, Jak2 or ¥4kFhe phosphorylation of Jak occurs
via receptor tyrosine kinase and then the activdsdin turn cross-phosphorylates the
receptor tyrosine kinase which recruits either SBADr STAT5b and binds to any of
them via SH2 domains and phosphorylates a spdgifasine residue which induces
STATS5 dimerisatiorf™> #14%1% STATS dimers translocate into the nucleus in pide
regulate the target gen&$.

STATS regulates a wide range of genes dependinfp@mcell type, the stimuli and the
cell condition. The most well known gene is Bgl-¥e gene that encodes Bcl-X
protein that acts as an anti-apoptotic proteln?#21*2% Many published reports have
revealed that STAT5 regulates various genes irerdifft species and cell types. Some
studies show that STATS5 regulates cytokine gendscgiclin D?% 2242423

In general, STAT5S plays different biological andhmdogical roles such as preventing

cell death, cell cycle stimulation, cytokine seimetand tumour growtf?> 224 221225,

53



In normal conditions, IL-7 plays an essential rateearly B-cell development via
activating STAT5, and STAT5a/b is also requireddorvival of CD8 T cells®?® %2, |n
addition, STAT5 controls Bcl-6 expression in geratigentre B cells which leads to
self-renewal and differentiation of human memorycdls *®. Furthermore, STAT5
activation was found associated with different Eerias due to its role in apoptotic

prevention or cell cycle regulatioft® 2% 2%

1.5.2 The ERK1/2 mitogen-activated protein kinase p  athway

ERK1 and ERK2 are intracellular proteins expressedaiimost all cell types with
molecular weights 43 and 41 KDa, respectivélyBoth ERK1 and ERK2 proteins have
85% an identical core where the substrate binditeg sre located*" 2 Furthermore,
the activation site which contains the phosphatepior residues tyrosine and threonine
is located in a TEY motif in the activation loopboth ERK1 and ERK2**%*3 The two
proteins are activated by different stimuli suchseasum, cytokines, growth factors and
several G protein-coupled receptor ligaftfs**,

The activation of ERK1/2 was found linked with sealebiological actions such as cell
growth, survival and proliferation in different tdlypes. Moreover, there is some
evidence that the activation of ERK is required fwell cycle progression, precisely for
cell transition from G1 phase into S phase whictamsethat the activated ERK is also
required for DNA synthesf§* 23%2%

The Ras/Raf/MEK/ERK signaling pathway is the mapstoeam signaling cascade for
ERK and ERK seems to be the key target of thisvpayh However, ERK is involved in
different downstream signaling pathways illustratedigure 1.6. ERK is identified as a

kinase of either c-Fos or c-Myc in order to indugelin D1 gene expression which in
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turn controls the cell cyclé*”?*® Phosphorylated ERK is also responsible for Elk-1
phosphorylation at multiple Ser/Thr-pro sit€& The activated Elk-1 interacts with the
serum response factor (SRF) to form the ternaryptexnfactor (TCF) which in turn
regulates serum response element (SRE) transcrptiwtivity > 241242 According to
Marais and his group, the activation of the SRFADINteraction is ERK2 dependent

242 1n other contexts, ERK is identified as a kina§@90RSK, MSK and c-Jufi® 2+

245

Extracellular signal

(PIORSK) «——— ERK1/2 \

Gene expression

F
igure 1.8 The Ras/Raf/MEK/ERK cascade ERK1/2 plays a key role in several cellular
activities. The activation of ERK1/2 via the Rad/REEK regulates expression of many genes
via activating different transcription.

The MAP Kinase pathway is implicated in several gbfpgical disorders such as
tumour growth, metastasis and angiogene$!& 2*"2#8 |n addition, the superoxide
activated-Ras/Raf/MEK/ERK pathway is implicatedrémal dysfunction, dementia and

Parkinson’s diseasé® %% 2%,
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In haematopoiesis, the Ras/Raf/MEK/ERK cascadespthfferent roles depending on
the cell type and the maturation step it is invdlve. The activation of MEK/ERK
signaling by stem cell factor (SCF) stimulates lthematopoietic stem cell proliferation
252 Furthermore, the activation of MEK/ERK pathway asdownstream effecter of
cytokine receptors is involved in different matioa steps in either lymphoid or
myeloid lineage$®® %** On the other hand, activated ERK was found iouaff5% of
AML cases in a study conducted by Ricciardi ans ¢wlleagues™. In addition,
ERK1/2 seems to be a significant indicator for bBtALL and T-ALL patients>® %,

In the same context, the MEK inhibitor U0126 redugeowth of either AML or CML

cell lines®82°°

1.5.3 Calpain

Calpain is a biochemical system composed of thr@mponents; two calcium-
dependent proteases, callgetalpain and m-calpain, and the third componerd is
peptide called calpastatin which serves as an itehifor bothp and m Calpainé®.
These three proteins are present in almost all tgpkks in all vertebrates but in
variable ratios depending on the cell type, tissne specie&’. Both Calpaingt and
m are cytoplasmic cysteine proteases playing skbergical roles in cell mobility
and embryonic development due to cleaving the &gletal proteins™® | %2 In
addition, bothn and m Calpains play different roles in cell sigmgland apoptosis via

cleaving caspase-7, -8, -9 and caspase-3 or Vvileatioy) caspase activators such as

APAF-1 and cytochrome €325,
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1.6 Research aims

The major aim of this study is to investigate thée of the sCD23«Vp5 integrin
interaction in survival of acute lymphocytic leukaa cells and to answer the question
how the interaction leads to regulation of growth.

The specific aims of this project are to:

(a) Study the role of both sCD23 and vitronectin icdl progenitor growth.

(b) Study the synergy of PDGF(AB) and SD&Mwith sCD23 in B-cell precursors
growth.

(c) Study the activation of kinases in signaling patysvdue to the effects of CD23
and vitronectin.

(d) Investigate the role PDGF receptor in the signakngnts caused by sCD23-

aVB5 integrin interaction.
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2. Materials and methods

2.1 Chemicals and reagents
All routine chemicals and reagents unless othenlsted in Table 2.1 and Table 2.2

were purchased from Sigma -Aldrich Company Ltd,|IP0dK and Fisher Scientific UK
Ltd, Leicestershire, UK.

Table 2.1 Chemicals and reagents used in this study

Chemical / reagent Supplier
MES SDS Running Buffer Invitrogen, Paisley, UK
(NUPAGE®)
MOPS SDS Running Buffer
(NUPAGE®)

NuPAGE 10% Bis-Tris Gel 1.0mm
NuPAGE 4-12% Bis-Tris Gel 1.0mmn]

3MM chromatography paper Whatman, Springfield Mill,

3MM blotting paper Maidstone, UK

PROTRAN nitrocellulose transfer

membrane

Nucleic acid transfer membranémersham Life Science Ltd.

Hybond-N+ Buckinghamshire, UK.

Prestained Protein Marker, Broatlew England BioLabs, Hitchirj,

Range (7-175 kDa) Hertfordshire, UK

[Methyl-"H] Thymidine GE Healthcare. Pollards Wopd
Nightingales Lane, UK

X-tremeGENE 9 DNA TransfectionRoche Diagnostics Limited, Charles

reagent Avenue, Burgess Hill, West Sussex

X-tremeGENE HP DNA TransfectionUK

reagent

Mirus TransIT-TKO Transfection Cambridge Bioscience Ltd, Munro

reagent House, Cambridge, UK

FUGENE HD Transfection reagent Promega UK Lt&outhampton
United Kingdom.

Table 2.2 Kits were used in this study

KIT SUPPLIER

ACTIVE MOTIF Rixensart, Belgium
Catalog No: 40010

Proteome Profiler Antibody Arrays R&D SYSTEMS biAgdon, UK

Nuclear Extract KIT

7
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KIT

SUPPLIER

STAT5b EMSA KIT

Panomics Catalog No; AY1405 via

Caltag-Medsystems Limited, Whiteleaf

Business Centre, 11 Little Balmer,
Buckingham, MK18 1TF

Catch and Release
Immunoprecipitation KIT

Millipore (U.K.) Limited, Building 6

Croxley Green Business Park, Watford

Calpain Activity Assay KIT

Abcam, Cambridge Science Park,
Cambridge, UK

Luciferase Assay System

ONE-Glo™ Luciferase Assay
System

Promega UK LtdSouthampton, Uniteg
Kingdom.

2.2 Ligands, inhibitors and Antibodies

All ligands and inhibitors used in this study werachased from different suppliers are

listed in Table 2.3. Table 2.4 summarized the mi@tion about the antibodies which are

used in this study and the supplier of each.

Table 2.3 Peptides and inhibitors were used in thistudy

Peptides/inhibitors

supplier

Recombinant Human CD23/Fc

epsilon RIL.
Recombinant Mouse CD23/Fc R&D SYSTEMS, Abingdon, UK
epsilon RIL.
Recombinant Mouse IL-3
Vitronectin . .
PDGE-AB Sigma -Aldrich Company Ltd, Poole, UK
Millipore (U.K.) Limited, Building 6 Croxley
SDF-1o. Green Business Park, Watford

Long peptide (derived fromCi3)

Mimitopes, Victoria, Australia

Tryphostin AG490 (Jak2
inhibitor)

Tryphostin AG 1295 (PDGHR
inhibitor)

ENZO Life Sciences Ltd, Matford Court, UL

MEK inhibitor (Uo126)

Promega Ltd, Southampton, Hampshire, UH

7 N

PI3kinase inhibitor (LY 294002)

New England BioLabs, Hitchin, Hertfordshire

UK
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Table 2.4 Antibodies were used in this study

Antigen Source | Clone/Cat. No.| Isotype Supplier Conjugate
Santa Cruz
H_uman_[33 Mouse MHE4 IgG1 Blotechnology, EITC
integrin monoclonal Inc. Heidelberg,
Germany
Mouse Sigma -Aldrich
Human CD45 BRA- 55 IgG1 | Company Ltd, FITC
monoclonal
Poole, UK
Human cDs | Mouse UCTH2 IgG1 FITC
monoclonal
Human cD10 | Mouse HI10a IgG1 PE
monoclonal
Mouse BD Bioscience,
Human CD19 monoclonal TB28-2 IgG1 Oxford, UK FITC
Human IgM Mouse G20-127 IgG1 FITC
monoclonal
Human CD34 | Mouse 563 lgG1 PE
monoclonal
Hu_mana_\/BS Mouse P5H9 IgG1 PE
integrin monoclonal
Human CXCRa4 | Mouse 12G5 IgG1 FITC
monoclonal
Human cD23 | _Mouse 138628 IgG1 PE
monoclonal
Mouse R&D
Human PDGFR monoclonal PR7212 lgG1 SYSTEMS, FITC
Human Phosphot Rabbit Abingdon, UK
ERK1/2 olvelonal FTE12 lgG _
(T202/v204) | POY
Phospho-STAT5| Rabbit
(Y699) polyclonal ZBS02 l9G —
: Goat
Rabbit IgG polyclonal FINO3 lgG HRP
Human 1gG | 398 1 a0170 IgG HRP
P é n Sigma -Aldrich
Rabbit IgG oa AG667 IgG | Company Ltd, HRP
polyclonal
Goat Poole, UK
Mouse IgG A4416 IgG HRP
polyclonal
New England
BioLabs,
. Goat N
Rabbit IgG olvelonal 7074 lgG Hitchin, HRP
poly Hertfordshire,
UK
Non-human Mouse Go1 IgG1 DAKO, FITC
antigens monoclonal . .
Nor-human MoUSe Cambridgeshire,
. GO1 lgG1 UK PE
antigens monoclonal

60




Table 2.4 Antibodies were used in this study

Antigen Source Clone/Cat. No| Isotype Supplier Conjugate
Human STAT5 | Rabbit 9363 I9G _
polyclonal
Human PDGFR Rabbit 28E1 IgG B
monoclonal
Human Phospho-| Rabbit
pP90RSK(S308) | monoclonal 909 l9G -
Human Phospho- .
P9ORSK OFfaCkfg'rfal 9344 IgG ~
(T359/S363) | POV
Human Phospho-| Rabbit
D90RSK(T573) | polyclonal | 346 l9G -
Human Rabbit
RSK1/RSK2/RSKA monoclonal| 227 19G -
Human Phospo- Rabbit New England
p44/42 MAP 197G2 lgG BioLabs, _
. monoclonal o
Kinase Hitchin,
Human Akt Rabbit 9272 I9G Hertfordshire, B
polyclonal UK
Human Phospho-| Rabbit
Akt (S473) monoclonal 193H12 I9G -
Human p44/42 Rabbit
ERK1/2 monoclonal 137F512 l9G -
Human NF-kappa| Rabbit
B2 p100/p52 polyclonal 4882 l9G -
Human Phospho- .
JAK2 m;%bc?c')tnal c80Cc3 | IgG ~
(Y1007/1008)
Human CREg | Rabbit 48H2 I9G _
monoclonal
Human Phospho-| Rabbit
CREB (S133) | monoclonal 87G3 l9G —
Human JAK2 | Rabbit | \eie4g937l 1gg | Millipore ~
polyclonal (U.K)
Human Phspho- . Limited,
JAK2 OFfaCkfg'rfal 30220 | IgG | Building 6 ~
(Y1007/1008) POy Croxley
: : Rabbit Whole Green
Humanp5 integrin polyclonal AB1926 serum Business _
Human Phosph Park,
uman Phospho- Watford
STATSalh | Mowse | g5 IgG _
(Y694/699)
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2.3 Buffers

The following table is listed the buffers which weoutinely used:

Table 2.5 Buffers were used in this styd
Buffer Composition
PBS 130mM NaCl, 27mM KClI, 4.3mM
NapHPO, 1.4mM KH, PO, (pH 7.2)
TBS 50mM Tris HCI (pH 7.4), 150mM NaCl
TBS/T 50mM Tris HCI (pH 7.4), 150mM NacCl

+ 0.1% (v/iv) Tween20

Stripping buffer

200mM Glycine, 0.1% (w/v) SDS, 1%
(v/v) Tween20. (pH 2.2)

Blocking buffer

TBSI/T, 5% (w/v) either non-fat ddie
milk or BSA

Tris HEPES-SDS running buffer

100mM Tris HCI (pHB 1% (w/v)
SDS, 100mM HEPES.

Transfer Buffer

25mM Tris HCI, 192mM Glycine, 20%
(v/v) ethanol.

4X SDS sample buffer

200mM Tris HCI (pH 6.8), 409/§
glycerol, 0.4% (w/v) Bromophenol, 8%
(w/v) SDS.

RIPA buffer 50mM Tris HCI (pH 7.4), 150mM
NaCl,1mM EGTA.
Lysis buffer RIPA buffer, 1ImM PMSF, 1mM Ng

deoxycholic acid, 1% (v/v) NP40, 1m
NagVO4, 2ug/ml Leupeptin

1X TBE buffer

100mM Tris HCI, 0.9mM Boric acid,
0.01mM EDTA.

2.4 Plasmids and Oligonucleotides

Plasmids were used as a reporter vectors in thdy sind oligonucleotides are listed

in the following table.

Table 2.6 Plasmids and oligonucle

otides were usadthis study

Plasmid/Oligonucleotide

Supplier

pGL4.34[luc2P/SRF-RE/Hygro]
Vector

Promega UK LtdSouthampton, Unite
Kingdom.

L

fusion protein expression vector
pTL-STATSB.

TransLucent GAL4-STAT5B TAD

Panomics Inc. And Caltag MedSyste
Ltd, Cambridge, UK

us
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TransLucent luciferase reporter| Panomics Inc. And Caltag MedSystems
vector, pTL-Luc Ltd, Cambridge, UK
TransLucent GAL4-BD controll
vector, pTL-BD
SignalSilence Control siRNA | New England BiolLabs, Hitchin,
(Fluorescein Conjugate) Hertfordshire, UK

2.5 Cell lines and culture

The main cell line model used in this study, SMS¢eBs, was derived from a female
patient at the leukemic phase of acute lymphodgtikaemia®®®. These cells were
cultured in RPMI-1640 medium supplemented with 1@%) heat-inactivated foetal
calf serum, 2mM fresh glutamine, (100U/ml) penigilhnd (100pug/ml) streptomycin
at 37° C and 5% COn a humidified incubator. For experimental pugmsthese
cells were adapted and grown in protein-free hybmd medium (PFHM)
supplemented with (100U/ml) penicillin and (100upf/streptomycin at 37° C and
5% CQ in a humidified incubator. The other two cell limedels used in this study
are called BAFO3 and 697. BAF03 is a murine proel line and was cultured in
RPMI- 1640 medium with 50uM 2-ME (mercapto-ethareshd 1ng/ml murine IL-3
as well as 10% (v/v) heat-inactivated foetal cafusn, 2mM fresh glutamine,
(100U/ml) penicillin and (100pg/ml) streptomyciff. The 697 is a pre-B cell line
extracted from a 12-year boy diagnosed with Acugemphocytic Leukaemia (ALL)
267 This cell line was cultured in RPMI-1640 mediuapplemented with 10% (v/v)
heat-inactivated foetal calf serum, 2mM fresh ghitee, (100U/ml) penicillin and

(100pg/ml) streptomycin at 37° C and 5% (®a humidified incubator.
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2.6 Proliferation assay

2.6.1 Using tritiated thymidine

Cells were harvested and washed twice in PFHM thlated at a density of 5000
cells/200ul in each well of a 96-well flat bottontate in PFHM. The plate was
incubated for 72 hours at 37° C and 5%,@0a humidified incubator in the presence
or absence of stimulants, soluble CD23, long pepf(idP); a peptide was derived
from soluble CD23 and contains the RKC motif, viteatin, SDFle and PDGF-AB.
Then cells were pulsed with 0.3puCi/well (5.5 x°10mol) tritiated thymidine @H ]-
TdR) and re-incubatedat 37° C and 5% CQn a humidified incubator for 6 hours
before harvesting and determination of incorporatiby liquid scintillation

spectrometry.

2.6.2 Using Alamar blue

Cells were harvested and washed twice in PFHM thlated at a density of 5000
cells/100p! in each well in 96-well white flat bott plates in PFHM. In the case of
697 and BAFO03, cells were plated in PHFM mediumpseipented with 1% (v/v)
FCS. The plate was incubated for 48 hours at 3M€ %6 CQ in humidified
incubator in the presence or absence of stimukshtsoted above. In the case of using
inhibitors, cells were incubated with either Tyrghtio AG490 or Tyrphostin AG1295
for 3 hours at 37° C and 5% G@efore plating. The plate then was incubated at the
same conditions for a further 24 hours after agldi@ul of Alamar blue dye (44 uM
resazurin salt ) to each wéff. Plates were read in a fluorimeter at 544nm eticita

filter and 590nm emission filter.

64



2.7 Flow Cytometry

SMS-SB cells were harvested and washed three time@8S buffer supplemented
with 0.5% (w/v) BSA. Cells then were resuspendedh@ same buffer to a final
density 5 x 1Bcells/ml and 25ul of cells (1 x 10 was transferred to a 5ml tube for
staining. Cells were Fc-blocked by treatment witly bf human IgG/10cells for 15

minutes at room temperature prior to staining. £étlen were incubated for 45
minutes at 4°C with 1ug of either FITC-conjugatedRePhycoerythrin-conjugated
mouse monoclonal antibodies raised against the hueteptor or marker of interest.
Following the incubation cells were washed twicediml PBS buffer supplemented
with 0.5% (w/v) BSA. Finally, cells were resuspedda 300ul of PBS buffer for

flow-cytometric analysis.

2.8 Protein Estimation assay (Bradford’s method)

A protein concentration standard curve was ploltgdising gradient concentrations
(0, 5, 10, 15, 20,25,30,35 and 40 pug/ml) of BSAh&i standards or samples were
diluted in dHO before adding 1ml of Bradford’s reagent ( 0.0M#v] Coomassie
Blue G250, 5.1% (v/v) PO, and 5% (v/v) Ethanol). Samples and standards were
incubated at room temperature for 10 minutes aerdigfit absorption was detected
by spectrophotometry ats4 nm. The unknown protein concentrations were each

determined in accordance with the linear rangéefrésulting standard curve.
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2.9 Antibody arrays

2.9.1 Principle of the assay

This assay is intended to analyze the phosphooylgtrofiles of kinases and their
protein substrates. It is a simultaneous detecifdhe levels of phosphorylation of 46
kinase phosphorylation sites, using capture antraloantibodies spotted in duplicate
on nitrocellulose membranes. These antibodies cttelr targets in the lysates
during overnight incubation. The captured targdient will be visualized by

biotinylated detection antibodies. Some signald pibduced when the membrane
developed by streptavidin-HRP followed by chemilnasicent detection reagents.

Each capture spot corresponds to the amount opploogated protein bound.

2.9.2 Procedures

SMS-SB cells were harvested and washed twice inMPBRID adjusted to a density of
10 cells/ml in PFHM. Four universal tubes each coredii0 cells/ml; one of them
was a control without treatment and at O timee rist of them were treated by either
5ug/ml of long peptide or 250ng/ml of sCD23 anduivated at 37° C and 5% ¢M

a humidified incubator for 5, 10 and 20 minutesetioourse. The cells were washed
twice in ice-cold phosphate-buffered saline to airethe reaction. After the second
wash the supernatants were discarded and thegetse resuspended in 1ml of lysis
buffer supplied with the antibody array kit. Sangpleen were incubated on ice for 30
minutes on rocking platform at 20xg, then centrddgt 14000 xg for 5 minutes at

4°C. Supernatants were then transferred into a deéaml microcentrifuge tube. The
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Bradford protein estimation was carried out for gwuble fractions before using
them for the array protocol. Each membrane to leel wgas blocked by incubating in
1ml of array buffer which is supplied with the arrmembranes for 1 hour on a
rocking platform. The lysates were then dilutedl&ug/ml using the array buffer
and applied onto the blocked membranes. Membrdregswere incubated overnight
at 4°C. On the following day membranes were washezk times by 1x wash buffer
for 10 minutes each. After the third wash each nremd was incubated with 1ml of
array buffer containing 20ul of detection antibodycktail for 2 hours at room
temperature on a rocking platform. Membranes weashed again three times by 1x
wash buffer for 10 minutes each followed by incuimatvith streptavidin-HRP for 30
minutes at room temperature on a rocking platfarhree washes were applied to the
membranes with 1x wash buffer for 10 minutes edehally, membranes were
developed by the chemiluminescence substrate fee thninutes and exposed several

times for different periods on the X ray film.

2.10 Western blotting

SMS-SB cells were harvested and washed twice witem-free media (PFHM) and
adjusted to a density of 5 x ®l€ells/ml. Two ml of cells either treated or untezh
were washed in ice-cold radioimmunoprecipitatisaay (RIPA) buffer (50mM Tris-
HCI pH 7.4, 150mM NaCl, 1mM EGTA) and lysed in RIPaffer containing (1mM
NagVO4, 1% (v/iV) NP40, 1mM Na deoxycholate, 1mM PMSF aBdg/ml
Leupeptin). Protein concentrations were estimated@itadford’s method. The same

protein concentration of lysates was loaded pez tana 4-12% NuPAGE Novex Bis-

67



Tris gradient gels using the MES buffer; both waupplied from Invitrogen. Proteins
were separated on the gels at 180V and 70mA foout.Separated proteins were
transferred onto nitrocellulose membrane in thesgmee of transfer buffer at 30V and
220mA for 90 minutes using (XCell SurelLock) blogtirsystem supplied from
Invitrogen. The membrane then was blocked by TB&iffer containing either 5%
non fat milk or BSA according to the antibody su@pprotocol and then rinsed once
with TBS/T buffer. The membrane was incubated wvptimary antibody for either
four hours at room temperature or overnight aC4atcording to the supplier protocol
and washed by TBS/T three times for 5 minutes é&tbre incubating for one hour
with HRP-linked secondary antibody. After that thrembrane was washed three
times by TBS/T buffer for 5 minutes each. Ultimgtehe membrane was developed
by using the chemiluminescence substrate and edpssecral times with different

periods on the X ray film.

2.11 Immunoprecipitation

SMS-SB cells were harvested and washed twice WitHNP and adjusted to a density
of 5 x 10 cells/ml. Two ml of cells either treated or unteshwere washed twice in
ice-cold PBS buffer and lysed in 500ul of HEPESfdau€ontaining (1% (w/v) Octyl-
B-D-glucopyranoside, 0.5% (v/v) Protein inhibitor c&tail). The protein
concentrations were estimated by Bradford’s methtDul containing 400ug of
protein from each sample and the control was inegb&r 30 minutes with 4ug
antibody against the target protein in a spin calyarchased from Millipore which
contains precipitation slurry, and 1ug antibodytoeg affinity ligand supplied with

the kit. The spin columns were washed twice withwiash buffer. Target proteins
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were eluted by applying three cycles of adding 70fil2x elution buffer and
centrifugation at 2400 xg for 30 seconds. The telkiavere collected after each
elution cycle. The eluates were run on a 4-12% NaBPANovex Bis-Tris gradient
gels using the MES buffer supplied from Invitrogamd immunoblotted as described

in western blotting section.

2.12 Electrophoretic-Mobility Shift Assay (EMSA)

SMS-SB cells were harvested and washed twice WitHNP and adjusted to a density
of 5 x 10 cells/ml. Two ml of cells either treated or unteshturing the time course
were washed once with 5ml of ice-cold PBS buffartaming phosphatase inhibitors
supplied with the nuclear extraction kit (purchagemm Active Motif Company).
Samples were spun down at 4°C for 5 minutes at 2400 he pellets were lysed by
500u! hypotonic buffer supplied with the kit andubated for 15 minutes on ice on a
rocking platform at 20 xg. Samples were vortexechigh speed each with 25ul
detergent supplied with the kit and centrifugedl4000xg for 30 seconds at 4°C.
Pellets were resuspended in 50ul complete lysiebahd incubated for 30 minutes
on ice on a rocking platform at 20 xg. The suspersivere centrifuged at 4°C for 10
minutes at 14000xg. The supernatants were cotlemtel the protein concentration
was measured by Bradford’s method. Three micrograrhseach sample was
incubated for5 minutes at room temmvith (1l of STATS5b biotinylated probe
[CAGAATTTCTTGGGAAAGAAAAT], 1ug poly d(I-C), 2ul of5x binding buffer
and 3ul of nuclease-free water ). Mixtures wereibated at 15°C for 30 minutes in a

thermal cyclerSamples were mixed with (dl of loading dye and run on 6.0% non-
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denaturing polyacrylamide gel witbre-chilled 0.5X TBE. Separated protein/DNA
complexes on the gel were transferred onfonjlon membranes purchased from
Amersham company. Membranes were baked at 80°@nfdrour for protein/DNA
cross linking and blocked for 15 minutes in a blagkbuffer. Membranes were
incubated for 30 minutes with streptavidin- HRPIdoled by three washing cycles
with 1x wash buffer for 8 minutes each. At the kstejpp membranes were incubated in
detection reagent supplied with the kit for 5 mewand then for 5 minutes again
with the chemiluminescence substrate before ergoseveral times for different

periods on the X ray film.

2.13 Calpain activity assay

SMS-SB cells were harvested and washed twice WitHNP and adjusted to a density
of 2 x 10 cells/ml. For the short term stimulation study,setere divided into three
50ml tissue culture tubes each containing 6ml dlulze suspension; one was a
control without treatment, one was treated withnM8vitronectin and one treated
with 33uM long peptide. The three tubes were intedbat 37° C and 5% G0On a
humidified incubator. From the control tube 1mlcells was immediately incubated
on ice as time 0 control. One ml from each tube wemoved and immediately
incubated on ice at each time point (3,15,25 andnhittutes). However, for the long
term stimulation study the same procedure wasv@tbbut the differences were the
time points which were 30 minutes, 1, 2 and 4 ho8esnples were then centrifuged
at 14000xg for 30 seconds at 4°C. Supernatants eiscarded and the pellets were
resuspended in 100ul of extraction buffer supplidith the kit and incubated on ice

for 20 minutes with gentle mixing by tapping fronmé to time. Samples then
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centrifuged at 10000xg for 1 minute at 4°C. Suprmta were collected and the total
protein was estimated by using Bradford’s reagken®6-well white flat bottom plate
samples were plated in 60ug total protein/ 85ulextraction buffer.10ul of 10x
reaction buffer was added into each well followed drlding a specific Calpain
substrate, which is called AC-Leu-Leu-Tyr-7-amind#fluoromethylcoumarin (AC-
LLY-AFC).The plate was incubated for in the dark3a@f C. Fluorescent activity was

measured by a fluorimeter at 355nm excitationrfébed 505nm emission filter.

2.14 Control for siRNA Transfection efficiency

SMS-SB cells were harvested and washed twice WitHNP and adjusted to a density
of 3 x 1@ cells/ml. In a 24 well tissue culture plate, 250fitells were plated in each
well. The oligo/Transfection reagent complex wasrfed in three different ratios to
examine transfection efficiency and toxicity, 3pfl Gontrol siRNA (Fluorescein
Conjugate) were diluted in 50ul PFHM and mixed waither 1ul,2.5ul or 4ul of
Transfection reagent. The mixtures then were vedeand incubated at room
temperature for 15 minutes before adding eachehtto the cells in the appropriate
well. The plate then was incubated at 37° C andC®% in a humidified incubator.
After 48 hours cells were harvested and washedetwith PBS and resuspended in

500ul of PBS. Finally, cells were assayed by flgilometry.

2.15 Reporter gene experiments

The plasmid/Transfection reagent complex was formmd diluting 3ug of

pGL4.34[luc2P/SRF-RE/Hygro] Vector in 180ul PFHM teout antibiotics and
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mixed with 8ul of X-tremeGENE HP Transfection reaigeThe mixture was
incubated for 25 minutes at room temperature. imseof the STAT5 reporter vector
assay, the complex was formed by diluting 1.5ugn3kacent GAL4-STATSB
(TAD) fusion protein expression vector with 1.5 fgloansLucent luciferase reporter
vector in 180ul PFHM without antibiotics and theddag 8ul of X-tremeGENE HP
Transfection reagent. Meanwhile, SMS-SB cells weaevested and washed twice
with PFHM and adjusted to a density of 3 »° télls/ml. 90ul of cells/well were
plated in 96-well white flat bottom plate and ek with 10ul of
plasmid/Transfection reagent complex. The plate wasbated at 37° C and 5% €O
in a humidified incubator for 48 hours before addstimulants (sCD23, LP and
vitronectin) and re incubating at the same cond#idor 6 hours as described in
Chapter 4 . Cells then were lysed and treated litlieren substrate. The luciferase

activity was estimated in three minutes after agdie substrate by illuminometer .

2.16 Data analysis

Results are shown as mean plus or minus standand ef the mean (SEM) of
triplicate experiments. Data were normalized byiding each result by the control.
Statistical comparison was performed using the &tugbaired t test. The minimal
level of significance was P<0.05. Each result re@nés an accumulated data for at
least three experiments that were carried outneethlifferent dates unless otherwise
stated. In terms of western blots, EMSA blots dmal dntibody membranes the data
were quantitated by using a software called Ima@aidional Institutes of Health), to

estimate the optical density of each experimerstadse.
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3. SMS-SB cells growth in response to
different avB5 integrin ligands and other
proteins related to B-cell progenitors
growth.

3.1 Introduction

There are several factors which stimulate growith m@aturation of B-cell precursors
during their development in bone marrow. As mergtbim the introduction chapter,
stromal-derived factor (SDF1) is one of the impottgrowth and survival factors for
B-cell progenitors which integrates with other gtbwactors such as interleukin-4,
interleukin-7 and Platelet-derived growth factoD@F) 2°%27% 2" |n this study, the
cell line model used is SMS-SB, which is a lineigit from a nine-year old girl
diagnosed as an acute lymphocytic leukaemia paff@nfThese cells express the
cytoplasmicp heavy chains but do not secrete th&h In addition, they do not
express IgM and light chairf§>. Phenotypically, SMS-SB cells seem to be located
between two stages of B-cell progenitors develogmpro-B cell and pre-B ceff°.

On the other hand, CD23 is highly expressed onrstidgmphocytic leukaemia cells
but was not detected in acute lymphocytic leukaeceils*’> > However, soluble
CD23 was highly increased in the serum of 42 omwigr lymphocytic leukaemia
patients comparing with 32 normal individuaf4 In terms of SMS-SB cells, they do
not express CD23, CD11b-CD18, CD11c-CD18 and CB21Furthermore, CD23
sustains bcl-2 protein levels in SMS-SB cells idenrto prevent apoptosis when they
are cultured in low cell densiy°. This action occurs when soluble CD23 binds the

avp5 integrin®. Althoughavf5 integrin binds its specific ligands such as vigctin

74



and fibronectin through an RGD maotif, it binds CD#a a tripeptide motif Arg-Lys-
Cys (RKC) located close to the C-type lectin donwicD23%,

The main purpose of this chapter is to investigageability of different ligands to
stimulate SMS-SB growth at the minimal density, améddition, to find out which

signalling targets are involved in the action adtaining SMS-SB cell growth.

3.2 Results

3.2.1 Phenotypic characterisation of SMS-SB cell li  ne

There are several markers used to identify the IB-@evelopment stages. As
mentioned previously SMS-SB cells are B-cell progega extracted from an acute
lymphocytic leukaemia patient. The aim of this exment is to identify the
development stage that SMS-SB cell represents @amavestigate the expression of
growth-related receptors which this study willdesoon, mainly theVp5 integrin as
well as PDGFR and CXCR4 ( the SDF-1 receptor ).

Figure 3.1 clearly shows that SMS-SB cell expreBd€a major determinant of B-
cell lineage and, to a lesser extent, CD45. HoweS&S-SB cells do not express
CD34, a marker for the very early stage of haenwédigc cell development. In
addition, these cells do not express some predBraakers such ag-chain, or CD10
and they do not express CD5 which is most liketyaaker of T-cell and human foetal
lymphoid tissue$’® as shown in figure 3.1. In terms of the receptbas this project
is to focus on, SMS-SB cells do not express CD2Bpanintegrin but, they clearly do
express CXCR4, PDGF receptor amdp5 integrin as shown in figure 3.1. These
data suggest that SMS-SB cell is a Pro-B cell anthgbly at the late developmental

stage of pro-B cell because they also expresgagmicu-chain, ( data not shown )

265
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Figure 3.1 Phenotypic characterization of SMS-SBail. SMS-SB cells were harvested and
washed twice with PBS buffer supplemented with 0.6%v)BSA and adjusted at 5x310

cell/ml. 25l of cells were incubated individually with D of either R-Phycoerythrin or

FITC conjugated antibodies to CD23, CD19, CD5, CBdD45,u-Chain,3 integrin,aVp5
integrin, PDGF receptor, CXCR4 or CD34. The negatoontrols were Mouse IgdPE
conjugated and Mouse Ig&ITC conjugated. Shown expressing was assessedsinyg
FACS system. FACS staining for the negative costi®lshown as blue shaded area and for

the each MADb is shown as a green line. These d&arepresentative of at least three
independent staining experiments.
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3.2.2 SMS-SB cell growth is cell density dependent.

There are two purposes for this experiment. Thet &im is to investigate the effect
of cell density on SMS-SB cell growth which has |mled by our laboratory already
271 According to Tsai et. Al (1994). SMS-SB cells eegs and release PDGF as an
autocrine factor which is also implicated to sustegll growth at high density. The
other goal of this experiment is to compare thaieay of Alamar blue, a fluorescent
dye and tritiated thymidine incorporation in thentext of growth estimation.

Briefly, Alamar blue is a solution of resazurin tsaldded in a non-fluorescent
oxidized/blue form, which undergoes reduction cdusy oxygen consumption
metabolism of living cells*””. The reduced form of the resazurin salt is a
fluorescent/pink, which is called resorufin, ant & measured by a fluorimeter with
544nm excitation filter and 590nm emission filtéf. The tritiated thymidine>H]-
TdR proliferation assay depends upon measuring aheount of H]-TdR
incorporated into DNA by using a scintillation caer?’®,

Panel (a) in figure 3.2 clearly shows that SMS-®Bscproliferate about eight-fold
when plated at 5XP&ell/ml compared with those plated at 5X&6ll/ml, about five-
fold when plated at 2.5X2@ell/ml, and about three-fold when plated at 1Xd&l/ml
compared with those plated at 5X1@ll/ml. These data were collected by using the
thymidine incorporation method. Statistically, tlggowth increase of cells was
significant over the three biological replicatesmhich theP value was less than 0.05.
Panel (b) in figure 3.2 shows similar data usifgmar blue. Surprisingly, Alamar
blue method gives a similar reading i TdR method in which P values of three

biological replicates are less than 0.001. In galnénese data suggest that SMS-SB
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cell growth is cell density-dependent and that ezitlamar blue or 3H]-TdR

corporation can be used to detect proliferatiorueately.
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Figure 3.2 Density dependent SMS-SB cell growthSMS-SB cells were
cultured at the indicated cell densities for 48rscat 37°C and 5% C{a) Cells
were pulsed for the final six hours with @Gi/well [°*H]-TdR and harvested onto
filter mats for liquid scintillation spectrometrig) Cells were incubated for 24
hours further with 4.4uM resazurin salt (Alamard)land the fluorescence was
estimated in a fluorometer at 544nm excitatiorefiknd 590nm emission filter

P < 0.001, * P < 0.05 versus corresponding 3xddl/ml. (These data represent three
independent experiments for each).
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3.2.3 Soluble CD23 and LP stimulate proliferation o f SMS-
SB cells while vitronectin does not

In this experiment, three different stimuli wereedgo investigate the role olvf5
integrin in SMS-SB cell growth. LP is a syntheteptide derived from soluble CD23
with a length of 15 amino acids and contains theCRidotif, a motif via which
soluble CD23 binds to th&Vp5 integrin. The third ligand is Vitronectin, one thie
matrix ligands which binds to the/B5 integrin via its RGD maotif.

Figure 3.2 clearly shows that SMS-SB cell growtlldse-dependent when cells are
stimulated by either sCD23 or LP (the RKC motif-@oning ligands). In panel (a)
SMS-SB cell growth was increased about 10-foldofelhg stimulation with LP at a
concentration of 66uM (10ug/ml) and about 9-foldw83uM (5ug/ml). Both of
these stimulations were statistically significaifitedlent from unstimulated control® (
values were less than 0.005 for three independeydrenents). A similar trend was
obtained using sCD23 stimulation ( panel (b) )akhgives about 8 fold stimulation
when added at 20nM (500ng/ml) and about 6 fold wilitmM (250ng/ml). Data
analysis for three independent experiments shoaiskibth of these stimulations are
significant (P values are less than 0.005 and 0.05, respectivéy Xhe other hand,
SMS-SB cells did not respond to increasing conedgintis of Vitronectin 0.36-3.6nM
(50-500ng/ml) as shown in figure 3.2 panels (c)eSehdata suggested that sCD23
(the RKC containing ligand) could stimulate/p5 integrin to modulate B-cell

precursor growth whereas matrix ligands (the RGBtaiaing ligands) could not.
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Figure 3.3 aVB5 integrin mediates growth of SMS-SB cells when laged by sCD23
and LP (a peptide derived from sCD23 contains RKC mtif), but not vitronectin.
SMS-SB cells (5x10Dcells / ml in protein-free medium) were stimulatedith the
indicated concentrations of stimulants for 48hrenthprocessed for Alamar Blue
fluorescence (sCD23 and Vitronectin treated plates were pulsed with Ou&i/ well
tritiated thymidine (LP treated plates ).** P < 05) * P < 0.05 versus corresponding

untreated cells. (These data represent three indepeexperiments).
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3.2.4 Stromal cell —derived factor 1 a (SDFla) Stimulates
SMS-SB cells proliferation. And enhances SMS-SB cel Is
growth stimulated by LP.

Stromal cell-derived factor-1 plays an importanierin B-cell development®’.The
following experiments were carried out to determioavhat extent SDF-1 itself can
stimulate SMS-SB cell growth, and also to invesggahe effect of SDF-1 on cell
growth stimulated by LP. Normally, the plasma levef SDF-1 are between 8-
20ng/ml ?”°. The SDF-1 levels either in peripheral blood omd&omarrow are
dramatically increased in AML, HIV infections anditHodgkin's lymphomas?’®
280,281.

Figure 3.4 Panel (a) shows that a modest incredseSMS-SB cell growth is
correlated with increasing concentrations of ad@&&F-lo. This growth increase
peaked at 250ng/ml (31.25nM) SDFk;land was statistically significantR value
was less than 0.05 for three independent expergnenbmpared to the cells were
grown without treatment.

In Panel (b), SDF strikingly increases the cell growth stimulated byug/ml
(33uM) LP. Roughly, about a 20% further growth ease was observed when cells
were co-stimulated by either 100ng/ml (12.5nM) 2860ng/ml (31.25nM) SDF+,
the differences were statistically significanP (values were less than 0.05 for three
independent experiments ) compared to the cells st@mulated with LP alone.These

data suggested that SDe-&nhances cell-growth stimulated by LP.
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Figure 3.4 SDFb stimulates growth of SMS-SB cells and enhances SVSB cells
proliferation stimulated by LP. SMS-SB cells (5x1Dcells / ml in protein-free medium).
Panel (a) cells were stimulated with the indicatedcentrations of SDFelfor 48hr, and then
pulsed with 0.8Ci/ well tritiated thymidine. * P < 0.05 versus oesponding untreated cells.
Panel (b) cells were cultured with either 31.25r#280Qng/ml) of SDF& or 33uM (5pg/ml) of

LP or with ug/ml of LP plus increasing concentrations of SRFbr 48 hours, then
processed for Alamar Blue fluorescence. ** P < B.0@rsus corresponding untreated cells.
« P < 0.05 versus corresponding cells stimulatetth WP alone. (These data represent three
independent experiments).
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3.2.5 Platelet Derived Growth Factor (PDGF g) Stimulates
SMS-SB cells proliferation. And enhances SMS-SB cel Is
growth stimulated by LP.

There are five different isoforms of PDGF ; PDGFPDGRg, PDGRc, PDGhp
and PDGhg *****> %% Many studies have been published over the lastdecades
demonstrates that PDGF family members are implicatestimulating the growth of
various cancers, angiogenesis, atherosclerosisliegrdfibrosis 282 283 284, 285 |
leukaemias, PDGE is implicated in AML cell growth, and is also erpsed in
CML, pre-B acute lymphocytic leukaemias ( particiy&MS-SB cells ) and chronic
eosinophilic leukaemi&® 2287,

The purpose of this experiment was to investighterble of PDGRs asa growth
factor for SMS-SB cells in sustaining cell growlthe other aim was also to examine
any synergistic effect ofPDGFng with soluble CD23, which is represented by LP.
Figure 3.5 panel (a) shows that SMS-SB cell grogtadually increased with
increasing PDGkg dose. The statistical analysis for three independ&periments
shows that there is a significant growth incre@Be value was less than 0.005 ) at
250ng/ml (82.5nM), with an increase of three-fotdnpared to the cells were grown
without treatment.

In terms of co-stimulation, panel (b) PDGF has @ckd by more than 20% cell-
growth stimulated by 5ug/ml LP. This additional gtb increase was significant at
100ng/ml and 250ng/ml of PDGE (P values were less than 0.05 and 0.005,
respectively, for three independent experiments)pared to the cells stimulated with

LP alone.
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Figure 3.5 PDGFRg stimulates growth of SMS-SB cells and enhances kerowth
stimulated by LP. SMS-SB cells (5x10cells / ml in protein-free medium), panel (a)
cells were stimulated with the indicated conceitret of PDGEg for 48hr, then pulsed
with 0.3uCi/ well tritiated thymidine. ** P < 0.005 versusrtesponding untreated cells.
Panel (b) cells were cultured with either 8.3nM Q@&/ml) of PDGF-AB or 3@M
(5pg/ml) of LP or with Jug/ml of LP plus increasing concentrations of PDGE-far 48
hours, then processed for Alamar Blue fluoresceritd < 0.005, *P < 0.05 versus
corresponding untreated cells. « P < 0.05, e P.G0® versus corresponding cells
stimulated with LP alone. (These data represeeretimdependent experiments).
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3.2.6 Soluble CD23 and LP stimulate the phosphoryla  tion
of different kinase substrates

The previous data raised the question of how LBotuble CD23 stimulates the cell
growth and which signalling pathway is recruited the aVp5 integrin as a
consequence of its interaction with specific ligand

One of several recent methods for screening cgfiading pathways is an antibody
array technique. This method depends on a groumntibodies being spotted
individually on a nitrocellulose membrane in dupte. These antibodies are raised
against different human cell signalling proteinphosphorylated form.

This experiment revealed that either soluble CD2BPRactivates phosphorylation of
several kinases and signal transducers. Figurstés the antibody array blots and
their densitometric analysis for lysates of SMS<®&fs either untreated, as a control,
or treated with either sCD23 or LP for a 20 minutéisne course. Both stimuli
increase phosphorylation of STAT5a/b at Tyrosin® $8ich is clearly observed after
five minutes of stimulation and sustained over2Beminutes time course. The other
signal transducer was STATZ2 which is phosphorglaeTyrosine 689. Furthermore,
both ligands stimulated the phosphorylation of &dyrosine 419 but with LP that
event came five minutes earlier. In addition, a $amily member (Yes) is
phosphorylated at Tyrosine 426 and AMEZKat Threonine 172. These data might
open a broad story involving different signalirgthways for different purposes such

as growth, survival or anti apoptosis.
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Figure 3.6 sCD23 and LP stimulate different signdihg targets. SMS-SB cells were
stimulated with either the CD23-derived LP, (33ut)with sCD23 itself (10nM) for the
indicated times and aliquots of lysates added thvidual antibody arrays and binding
determined by ECL Panetg andc). Panela) shows the map of the target substrates printed
on a nitrocellulose membrane and paf)eshows the densitometry data.
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3.3 Conclusion

The data presented in this chapter clearly indi¢hs# SMS-SB cells express the
aVp5 integrin, PDGF receptor and CXCR4, which areteglao the cell growth as
demonstrated in the first chapter of this thesisaddition, these cells express CD19,
one of the common B-cell precursor markers; howetrery do not express the -
heavy chain on the cell surface which suggests ttiete cells might represent the
pro-B cell development stage. Consequently, figiis 3.4 and 3.5 show that these
receptors are related to the cell growth after @atmng them with PDGEs, SDF 14,
sCD23 and LP. Furthermore, figure 3.2 has also shihnat SMS-SB cell growth is
density dependent. These data are strongly conipatitth the data published by
Borland, G. et al, Tsai, L.H. et al and Acharya,dtlal.®> 123 27

In order to investigate how the/B5 integrin is involved in cell growth stimulation,
the antibody array data demonstrated in figure shéw that both sCD23 and LP
stimulate multiple signalling targets such as STA®IATZ2, c-Src, c-yes and
AMPKa2 which poses several questions about the link dmtw STATS
phosphorylation and cell proliferation, and aboawhhe aVB5 integrin can induce
the phosphorylation of STATS.

Therefore, the next chapter will concentrate orfioming the antibody array data and
on investigating STATS5 activity as well as focusimig investigating the relationship

between theVp5 integrin stimulation and the phosphorylation 3AS35.
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4. Soluble CD23 and LP activate Jak2/
STAT5a/b pathway due to a unique
PDGFRB-aVB5 integrin association.

4.1 Introduction

STAT5a/bis a heterodimeric protein composed of STAT5a (94KBAnd STATS5b
(92KDa). The difference between these two proté&ns the 12 C-terminal amino
residues’®, STAT5a and STAT5b genes are located on chromosah®. Several
studies over the last ten years have revealed soitieal roles of STAT5a/b in the
immune system. STAT5a/b is required for T-cell peohtion, activation and
tolerance mainly in response to 1L12%2% 291 |n addition, STAT5a/b is involved in
haematopoietic cell adhesion and migrafith

On the other hand, the Jak2/STATS5 signalling pathisamplicated to play a crucial
role in cell survival, proliferation and apoptosisseveral leukaemias in response to a
wide range of cytokines and growth factdts?** 2%,

This chapter will concentrate mainly on investiggtihe role of the Jak2/STAT5a/b
signalling pathway in SMS-SB cell growth stimulatbyg either sCD23 or LP to
validate the data obtained from the antibody amageriments demonstrated in the
previous chapter. The other important purpose H@ thapter is to investigate how

does thexVVB5 integrin contribute to the Jak2/STAT5ab signgllpathway.
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4.2 Results

4.2.1 aV5 integrin mediates STAT5 phosphorylation due
to its binding to different ligands

The data later are based on simple western blatgicignique. There are two purposes
for these experiments. The first aim is to validdwe data that was obtained from the
antibody array experiment. The second aim is testigate the difference between
different ligands that bind taVp5 integrin via different binding motifs in activag
STATS5 phosphorylation. Three ligands in this expemt have been tested, soluble
CD23 and LP which both bind by the RKC motif, anttonectin which binds to the
aVB5 integrin via the RGD maotif.

Figure 4.1 clearly shows that LP activates the phosylation of STATS at tyrosine
699 after five minutes of stimulation and sustahret event over the 20 minutes time
course. Similar data were observed with stimulating cells with soluble CD23
instead of LP as shown in figure 4.2. In contrast,shown in figure 4.3 vitronectin
does not show any significant stimulation. Thesea daiggest that theVp5 integrin
activates STATS phosphorylation when it binds te sioluble CD23 but not when the

vitronectin binds.
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Figure 4.1 LP Stimulates the aVB5 integrin to promote STATS5b phosphorylation.
Lysates were extracted from cells either stimuldtg®3uM LP or without stimulation for the
indicated time course and, after western blottimgpbed with antibodies to phosphorylated
STATS5b then stripped and re-probed with antibotlieSTATS5b protein Panel a). Panel b) is
the densitometric analysis for the phospho-STATHET ratio demonstrated. The other
Panels c)and d) are the densitometric analysigHerphospho-STAT5/STATS ratios for
another blots of two individual experiments haverbearried out in different weeks. Black
bars represent phospho-STATS5/STATS ratios in stitea cells in all cases, and the white
bars represent the unstimulated cells.
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Figure 4.2 Soluble CD23 Stimulates theaVp5 integrin to promote STAT5b
phosphorylation. Lysates were extracted from cells either stinadaby 10nM sCD23 or
without stimulation for the indicated time coursedaafter western blotting, probed with
antibodies to phosphorylated STAT5b then strippadi re-probed with antibodies to STAT5b
protein Panel a). Panel b) is the densitometridyaisafor the phospho-STATS/STATS ratios
demonstrated. The other Panels c)and d) are thsitdewtric analysis for the phospho-
STATS/STATS ratios for another blots of two indivial experiments have been carried out in

different weeks. The white bars represent the omatted cells while the black bars represent
the stimulated cells.
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Figure 4.3 Vitronectin does not clearly stimulate lie aVB5 integrin to promote STAT5b
phosphorylation. Lysates were extracted from cells stimulated b§nll vitronectin or
without stimulation for the indicated time coursedaafter western blotting, probed with
antibodies to phosphorylated STAT5b then strippadi re-probed with antibodies to STAT5b
protein Panel a). Panel b) is the densitometridyaisafor the phospho-STATS5/STATS ratios
demonstrated. The other Panels c)and d) are thsitdewtric analysis for the phospho-
STATS/STATS ratios for another blots of two indivial experiments have been carried out in
different weeks. The white bars represent the omatted cells while the black bars represent
the stimulated cells.
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4.2.2 Both soluble CD23 and LP strongly induce STAT 5/
DNA binding but vitronectin causes a smaller induct ion

STAT5a/b is a member of the STAT proteins which @anscription factors playing
different biological roles in cell survival, growtnd apoptosi&’ '**. The active form
of STATS5b interacts with the DNA at specific bindin sequence
CAGAATTTCTTGGGAAAGAAAAT 290297

Therefore to test binding activity, the Electropdta-Mobility Shift Assay (EMSA)
was used to test the transcription factor/DNA higdactivity by using the specific
binding sequence for probing STAT5S binding.

Figure 4.4 clearly shows that the STAT5/DNA intéi@ac is strongly enhanced after
15-30 minutes of stimulating cells with either 33ull® or 10nM soluble CD23
compared to untreated cells. In contrast, a minBIAT5/DNA interaction activation
was observed using vitronectin as stimulant. Thesgea give an additional
confirmation of the antibody array data and nicBtythe results obtained by the

western blotting.
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Figure 4.4 Stimulation of SMS-SB cells by sCD23, LPand vitronectin activate
STAT5b/DNA binding activity. (a) Nuclear extracts (By) of either stimulated or un
stimulated SMS-SB cells were mixed with biotindled STAT5 probe and protein/DNA
complexes were separated on a non-denaturing rg@lsferred to a nylon membrane and
detected using strepatvidin-HR®) The band intensities were quantitated by densitignfier
the demonstrated g€t) and(d) represent the band intensities for two furtheregixpents.
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4.2.3 Both soluble CD23 and LP induce STAT5b
transcriptional activity

In this experiment, SMS-SB cells have been tratlgieco-transfected with two
plasmids, an expression vector containing a teatisation domain (pTL-TAD) of
STATS5b fused to the Gal4-DNA binding domain (DBDhe other vector is a Gal4-
responsive luciferase plasmid (pTL-Luc). Therefaveen STAT5b becomes activated
it will activate luciferase expression via induci@pl4 expression. Ultimately, the
STATSb transcriptional activity is measured by mstiing luciferase activity in a
luminometer. Cells were then stimulated with eitBg@pM LP, 10nM sCD23 or 1.8nM
vitronectin 48 hours following the transfection.

The data shown in figure 4.5 clearly indicate axsigant luciferase activation caused
by both LP and sCD23 which abut double of luciferastivation compared with
untreated co-transfected cells.

On the other hand, vitronectin does not give aiBg@mt response which is compatible
with the previous data. So far, the data obtaimedhfthe previous work suggest that
the aVB5 integrin modulates the activation of STAT5b vigbinding to the soluble
CD23 and LP the RKC containing ligands. Howeveesthdata raise two important
questions about the role of STATS5 in the cell-gtowtimulated by both ligands and

how theavp5 integrin can mediate the STATS phosphorylation.
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Figure 4.5 LP and sCD23 clearly stimulate STAT5b rgponsive reporter vector but
vitronectin (Vn) causes less stimulationSMS-SB cells were transiently co-transfected by
(pTL-luc) and (pTL-TAD) STAT5b responsive vect@ells were incubated for 48 hours at
37°C and 5%CO2 followed by adding the stimuli; 1.8nM {blue bar), 33uM LP (black bar)
and 10nM sCD23 (grey bar). After 6 hours furthecuipation, the luciferase activity was
assessed by using luciferase substrate in a pliat@nometer. (These data are representative
of three independent experiments).
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4.2.4 LP and Soluble CD23 stimulate the phosphoryla tion
of Jak2 while vitronectin shows less stimulation

There are several Jak/STAT pathways playing diffebgological roles in response to
various cellular stimuli. STAT5 usually lies dowrestim of two Jak isoforms, Jak2 and
Jak3 depending on the ligand, cell type and theptec for ligand. However, any Jak
family member needs to be phosphorylated in ordgrhiosphorylate the downstream
target. The phosphorylation of Jak2 at tyrosine710008 is potentially required for
Jak2 auto- or trans-phosphorylation and for Jakaseé reactions®

Therefore, the aim of this experiment is to invgaste the effect of LP, sCD23 and
vitronectin on Jak2 phosphorylation for answerihg guestion of how STATS is
eventually phosphorylated by these ligands dueh#r tinteraction with thexV 5
integrin.

Figure 4.6 shows a western blot of cellular exgaifteither treated or untreated cells
during a 20 minutes time course which has been earoby anti-phospho
Jak2Y10071008yhich is also stripped and reprobed by anti-td&k protein. As clearly
shown in this figure, LP significantly increasekd@hosphorylation levels comparing
with the control (untreated cells). Similarly, irased levels are observed with soluble
CD23 stimulation but not with vitronectin.

The data shown in figure 4.6 suggest that the tednthk2 phosphorylation might fit
the trend of STAT5 phosphorylation in responseht® samexVp5 integrin-ligands.
However, further investigation needs to be dongisolose whether Jak2 is the STAT5

kinase or not.
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Figure 4.6 Stimulation of SMS-SB cells by sCD23, LRnd vitronectin increase Jak2
phosphorylation. Lysates were extracted from cells either stimulatéth 33uM LP, 10nM
sCD23 or 1.8nM vitronectin or without stimulatioar fthe indicated time course and, after
western blotting, probed with antibodies to phospladed Jak2 then stripped and re-probed
with antibodies to Jak2 protein Panel a). Pané e densitometric analysis for the phospho-
Jak2/Jak?2 ratios demonstrated. The other Paneid d)eare the densitometric analysis for the
phospho-Jak2/Jak2 ratios for another blots of twdividual experiments have been carried out
in different weeks. Black bars are for LP stimutbtells, grey bars are for sCD23 stimulated
cells and the blue bars are for vitronectin treatsts.

100



4.2.5 Either Jak2 inhibitor (AG490) or PDGF recepto r
inhibitor (AG1295) reduces both SMS-SB cell growth and
STATS phosphorylation

AG490 and AG1295 are synthetic compounds belonging large family called
tyrphostins. Biologically, tyrphostins are proteityrosine kinase (PTK) inhibitors
which are designed for blocking their selectiveyéa®®®. In some references they are
called Tyrphostin-490 and Tryphostin-1295.

The chemical structure of the AG490 is N-benzy@ildydroxybenzylidenecyanoacet-
amide. Wanget al reported that AG490 inhibits Jak2, STAT1 and STAy®sine
phosphorylatior?®. In other context, Meydaat al showed that AG490 induces the
programmed death of human B-precursor leukaemls ¢8. The chemical structure
of AG1295 is 6,7-Dimethyl-2-phenylquinoxaline arids a selective PDGF receptor
kinase acting as a competitive inhibitor for thePARBinding site of the kinasé

In order to verify whether Jak2 is a kinase of SBAD or not 100uM AG490 was
incubated with SMS-SB cells cultured in proteinefreybridoma medium for three
hours before adding the stimuli. Panel(a) in figdt& clearly shows that AG490
reduces the cell growth stimulated by LP by moantB0% and th® value for three
individual experiments was less than 0.05. Singiewth reduction occurs with cell
growth stimulated by soluble CD23 with a similataame of the statistical analysis
for three independent experiments. In the casatainectin, there is no clear growth
stimulation and the effect of AG490 is similar tatreated cell growth.

In the same context, AG490 strongly reduces thespimarylation of both Jak2 and
STATS in either untreated cells or cells stimulabgdLP or vitronectin as shown in

panel (c) figure 4.7.
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The purpose for using the PDGF receptor kinasebitani (AG1295) is to investigate
the possible role of PDGF receptor kinase in Jak21% phosphorylation and also to
examine its role in SMS-SB cell growth stimulateddifferentaV 35 integrin.

In figure 4.7, panel (b) clearly shows that AG128So reduces the cell growth
induced by either LP or soluble CD23 in which SMB-&lls have been incubated
with 25uM of AG1295 for three hours before proceedio either the proliferation
assay or cell signalling investigation by using t&as blotting technology. The cell
growth stimulated by either ligand was significgntéduced by about 30% and tRe
values for three independent experiments was hessQ.05 for both ligands.

Panel (c) in the same figure shows that AG1295rmuapes both Jak2 and STATS5
phosphorylation. These data suggest that somehewMRB5 integrin might recruit
both PDGF receptor kinase and Jak2 in order tovatetiSTATS due to its binding to

different ligands, particularly the RKC motif comteng ligands.
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Figure 4.7 AG490 and AG1295 reduce SMS-SB cells gliferation stimulated by LP ,
sCD23 and both inhibitors interrupt Jak2/STAT5 phogphorylation. Panel (a) and (b)
SMS-SB cells (5 x1Dcells / ml in protein-free medium) were pre incidohwith either
100uM AG490 or 2pM AG1295 for three hours and then stimulated llyezi331M of LP,
10nM sCD23 or 1.8nM vitronectin for 48hr, thero@essed for Alamar Blue fluorescente.

P < 0.005 versus corresponding untreated contrd®. < 0.05 versus corresponding cells
stimulated with LP, « P < 0.05 versus correspondiells stimulated with sCD23 and ** P <
0.05 versus corresponding untreated cells). Pahélqates were extracted from SMS-SB cells
were pre incubated with either 30d AG490 or 2UM AG1295 for three hours at 37°C and
5%CGQ; in a humid incubator and stimulated by eithepl83LP or 1.8nM vitronectin for 5
minutes before extraction. After western blottingembranes were probed with antiphospho
STAT5b™® then stripped and re-probed with antibodies to B3t protein or probed with
antiphospho Jak2°"'%®then stripped and re-probed with antibodies to JatkiZein. These
data are representative of three independent enpets.
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4.2.6 SMS-SB cells fail to accept control siRNA tra  nsfection

RNA interference is one of the recent useful téolknockdown any gene of interest
selectively. Briefly, siRNA is a small double stdmad RNA that undergoes a
cleavage process by a multidomain enzyme calle@rIeCR) in order to form an
RNA-protein assembly which in turn down regulates gene that has a compatible
sequence to the single strand of siRNR This mechanism is called RNA-
silencing®**. Normally, the RNA-silencing mechanism plays arpamant role in

305, 306
. In

immune responses to viruses especially in plantd Brosophila
mammalian cells, there is no clear relation betwibenexpression of small siRNA
and the interferon machinery)’. However, the RNA-silencing system plays a
crucial role in regulating gene expression in maitsects and mammaf®: 3%,

In molecular biology, the small interfering RNA hbdscome one of the useful
techniques to study either gene or protein funstibp knocking down a certain
gene selectivel§*’. The strategy of using siRNA for knocking downeng is based
on transfecting the cells with a specific siRNA wuwhineeds an optimized
transfection protocol, reagents and cellular caowlit which are different from one
cell type to the next'’.

Before going forward with using siRNA for knockirdpwn either Jak2, PDGF
receptor or STAT5 in SMS-SB cell, a control siRNAuUorescein conjugated ) was
transfected into SMS-SB cells in different concetitns to assess the transfection
efficiency by flowcytometry.

Figure 4.8 panel (a) clearly shows that the cellbiity is affected by the

transfection reagent. The cell viability is redudecabout 20% when incubated 24

hours after the control siRNA transfection with 4pf transfection reagent
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comparing to cell viability without transfectionh&P values for three independent
experiments is less than 0.005.

On the other hand, the transfection efficiency eases with increasing the
transfection reagent volume figure 4.8 panel (bhwkver, there is a critical
reduction in cell viability accompanied with theR8IA transfection efficiency.

Therefore, using siRNA technology is not suitaldedell signalling study in SMS-

SB cells.
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Figure 4.8 SMS-SB cell viability is reduced with ncreasing siRNA transfection
efficiency. SMS-SB cells were transfected with control siRNAIgorescein conjugated ) by
the indicated transfection reagent volumes. Pa)akpresents the cell viability 24 hours post-
transfection. Panel (b) represents the percenthgeable transfected cells measured by a
flowcytometer 24 hours post-transfectionP*< 0.05 ,** P < 0.005 versus corresponding
untransfected cellhese data represent three independent experiments.
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4.2.7 Platelet derived growth factor receptor (PDG FRp) and
aV/B5 Integrin interaction study

In general, integrins activate several signalliaghgvays in order to initiate different
biological events in response to a wide rangegaifds. Several studies over the last
two decades have revealed that integrins are alaetivate cell signalling pathways
in different ways such as receptor clustering;epeor cross-linking or cytoskeleton
proteins assembly' 312 313314 5 fiproblasts, Zemkove and colleagues have
reported that th@ subunit of PDGF receptor forms cell surface beglgvith either
B1 orp3 integrins after stimulating the cells with trghgaminase™.

The previous data suggested that thé&35 integrin mediates the activation of
Jak2/STATS pathway via its binding with either s@GD2A.P or slightly with
vitronectin and that activation is interrupted bither Jak2 or PDGF receptor kinase
inhibitors. Therefore, the questions raised are htbe oV 5 integrin contributes to
the Jak2/STAT5 pathway and what is the role of PD&geptor in that event. In
order to answer these questions an immunopred@itatrategy was carried out to
examine the possible link between PDGF receptora@tfid integrin.

Figure 4.9 clearly shows that tiffesubunit of PDGF receptor is present in fite
integrin immunoprecipitates of either treated otreated cells. The middle panel of
figure 4.9 shows thaP5 integrin is also present in the PD@GFreceptor
immunoprecipitates. In addition, Jak2 protein wasind in PDGH3 receptor
immunoprecipitates but not witf5 integrin as shown in the bottom panel.

These data give a further conformation of Jak2/83 fpathway activation via the
aVp5 integrin and might suggest that there is an asoc between the integrin

and PDGF receptor complex.
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Figure 4.9 PDGF receptorp and aV5 interact. Control and stimulated lysates from SMS-
SB cells were immunoprecipitated with antibodiesP@GFR$ or aVB5, and the separated
precipitates probed with anti-PDGHR-antif5 or anti-Jak2 antibodies as indicated. The
negative control is a cell lysate immunoprecipidatéth non-immune IgG, while the positive
control is a lysate blotted directly. (These da&present one of three independent
experiments).
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4.3 Conclusion

The data presented in this chapter establish that¥p5 integrin stimulates the
phosphorylation of STAT5 due to its binding to eittsCD23 and LP. As shown in
figure 4.1 and 4.2, sCD23 and LP strongly actitheephosphorylation of STATS. In
contrast, figure 4.3 demonstrates that vitronecloes not show clear activation.
Moreover the data shown in figure 4.4 and 4.5 iawicthat both LP and sCD23
stimulate STAT5/DNA binding and transcriptional ity with minimal activation
shown with vitronectin.

In addition, the data presented in figure 4.6 shoat theaV 5 integrin activates Jak2
phosphorylation due to its binding with either sGDRP or vitronectin. SMS-SB cell
growth and Jak2 phosphorylation was blocked bygusither Jak2 or PDGF receptor
inhibitors as shown in figure 4.7.

Interestingly, the data obtained from the immunojmiéation strategy strongly suggest
that there is an association between dW@5 integrin and the PDGF receptor which
might influence the stimulation of the Jak2/STATgnslling pathway via theV[ 5
integrin. However, further experiments need to beedto explain the nature a¥ 5
integrin- PDGF receptor association, for exampleubing confocal microscopy and
fluorescence resonance energy transfer .

In a different context, according to Acharya e(24109), both sCD23 and LP stimulate
ERK1/2 phosphorylation which might be one of thg targets that might underlie the
SMS-SB cell growth mediated by tl#/B5 integrin. Therefore, the next chapter will
proceed to investigate the role of both sCD23 aRdrithe activation of the ERK1/2
signalling pathway and to study the effect of Shfand PDGkg on STAT5 and

Serum response factor (SRF) transcriptional actimaFurthermore, it will contain an
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examination of the effect of sSCD23 in activating gbroliferation of 697 and BAFO03
cell line models in order to study the importan€¢he oV 35 integrin in promoting the
survival and proliferation of B-cell progenitorscaacute lymphocytic leukaemia cell

line models.
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5. aVBs Integrin mediates the
phosphorylation of  multiple  kinase

substrates due to its binding to soluble

CD23, LP and Vitronectin

5.1 Introduction

Many published studies over the last two decades havealed that several
signalling pathways contribute to cell proliferatiand apoptosis. One of these
pathways is the Ras/Raf/MEK/ERK cascade. Our ldaboydhas published that the
sCD23«aV5 integrin interaction activates ERK phosphorylatit®. Therefore, the
main aim of this chapter is to follow up on the ERKosphorylation stimulated by
sCD23 to look for downstream targets of phosphtedeERK such as p90RSK
and SRF. The other aim is to investigate the etféeither PDGF-AB or SDF-
on the activation of STAT5b and SRF reporter @ecin SMS-SB cells.

This chapter will include an attempt to investigdtéhere is a role of theVp5
integrin in controlling Calpain enzymatic activily SMS-SB cell due to integrin
interaction with different ligands. Calpain is dabam-dependent endopeptidase
that plays a crucial role in activating caspasehways in response to either
intrinsic or extrinsic factors and also cleaves soanytoskeletal proteins that
involved in signal transduction pathways mediatsd iftegrins particularlyp
integrins!® 31", Moreover, Pfaff et al have reported that Calmgaéaves integrin

cytoplasmic domaif*®
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The last purpose of this chapter is to investigjageeffect of SCD23:V 35 integrin
interaction in activating STATS5 in two differentlcknes represent different stages

in B-cell lineage.
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5.2 Results

5.2.1 Soluble CD23, LP and vitronectin activate p90 RSK at
four residues in different trends

The p90RSKs are 90KDa serine/threonine kinaseshndme also called ribosomal S6
kinases. In humans, there are four isoforms of R®R&K1, RSK2, RSK3 and RSKA4,
as well as two structurally-related proteins, méo and stress- activated kinase-1 and
-2 (MSK1 and MSK2 §19-320.321

Several published articles show that RSKs lie doreasn of the MEK/ERK pathway
in response to different stimulants such as grdathors, cytokines and hormon&$
244,323,320 pnccording to Jensen et al the phosphorylatiotheflinker region between
N- and C- termini is required for the kinase adiiva of p9ORSK3**. Six different
phosphorylation sites have been clearly identifilre@p90RSK, and four of them are
located in the linker region; these are Ser221,5m38, Ser 363 and Ser 38§ 32> 32

In addition, Threonine 573 has been identifiedhastinding site for ERK1/3%> 327,
The p90RSK plays different biological roles assita growth factor- and cytokine-
responsive cell signalling element, for instanceeti proliferation, differentiation and
motility 328, 329, 330, 331.

In fact, the purpose for studying p90RSK activatafter stimulating the cells by
sCD23, LP and vitronectin is to extend the eaiBK phosphorylation studies to seek
targets downstream of ERK1/ERK2.

Figure 5.1 clearly shows that p90RSK phosphorytatid Thr573 increased within
five minutes of adding LP, and was sustained otier 20 minutes time course; a

similar effect occurs on p90RSK at Thr359, Ser368 §er380. Soluble CD23 and

vitronectin also give similar impact on these foesidues but to different extents and
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at different times during the 20 minutes experiraehitme course. On the other hand,
there is a clear increase in p90RSK phosphorylatohr359, Ser363 and Thr573 in
unstimulated cells but that always came after 2Quteis of incubation at the same

conditions.

114



(a)

S0 kDa
—|

Control

— — — —

,.
|
|
l

+sCD23

+Wn

(b) ..

_;
(LN}

a

=T VI N . P A

1] 3 10 20

10 20 a 10 20

Control

+LP

Time {(mins)

+sCDO23

+Wn

HHHHIJ_I

il

i 1 1 DEDEET

[

10 20

10 20

Aol
ol ]

Time (Mmins)

Liinnl

P.RS KT573

RSK

P.RSKT359/8363

RSK

P.RSKS380
RSK

P.RSKTS73/ RSK ratio

P.RSKT359,8363f RSK ratio

P.RSKS380f RSK ratio

Figure 5.1 Stimulation of SMS-SB cells by sCD23, LRnd vitronectin increase p90RSK

phosphorylation at different residues.Lysates were extracted from cells either stimuldtgd
33uM LP, 10nM sCD23 or 1.8nM vitronectin, or withatimulation for the indicated time
course and, after western blotting, probed witlibadiies to phosphorylated p9ORSK(Thr573),
(Thr359,Ser363) or (Ser380) then stripped and obgut with antibodies to p90RSK protein
(Panel a). Panel b) is the densitometric analymigife phospho-p90RSK/RSK ratios. Black

bars are for LP stimulated cells, grey bars ares@d23 stimulated cells and the blue bars are
for Vitronectin treated cells. These data are regméative of at least three independent

experiments.
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5.2.2 The MEK1/2 inhibitor U0126 inhibits the
phosphorylation of both ERK1/2 and p90RSK modulated
via the aVp5 integrin

U0126 is a MEKZ1/2 inhibitor initially identified as an inhibitor of AP-1
transactivatiorf>®. The chemical structure of U0126 is1,4-diamino-@&@&/ano-1,4-
bis[2-aminophenylthio] ~ butadieri®% In the last ten years U0126 has been
broadly used in the context of studying the rol®d&K/ERK pathway in many cell
types and under many different conditions.

According to Acharya et & ERK1/2 is phosphorylated in SMS-SB cells after 30
minutes of stimulation with sCD233. In this experiment, SMS-SB cells have been
incubated with 5uM of U0126 for 30 minutes and tletmulated with either
sCD23, LP or vitronectin for 10 minutes. In theetlpart of the experiment, SMS-
SB cells were either stimulated with sCD23, LP otromnectin or without
stimulation for 10 minutes which represents a aintr

Figure 5.2 panel (b) clearly shows that LP, sCDAd waitronectin stimulate the
phosphorylation of ERK1/2 at T202/Y204 and T185/YX8ter 10 minutes of the
stimulation to different levels. This event is kitngly absent in cells pre-incubated
with U0126. The same figure shows that U0126 stgonohibits the
phosphorylation of p90RSK at all four residues 886¢ Thr 359, Ser 363 and Thr
573) that are stimulated by the same ligands atséime time point. These data
suggest that the phosphorylation of both ERK1/2 p@@RSK by these ligands is
MEK-dependent. However, it is not clear yet whetllee phosphorylation of

pP90RSK lies downstream of ERK1/2, which is a gabthe work reviewed in this
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chapter, or another kinase such as ERKS5. In faese possibilities require further

study.
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Figure 5.2 U0126 inhibits both ERK1/2 and p90RSK pbsphorylation mediated by
aVp5 integrin. SMS-SB cells were pre-incubated either in presesrcabsence of 5uM
U0126 for 30 minutes and stimulated for 10 minutgsthe indicated ligands or without
stimulation as a control. After western blotting) (he separated proteins were probed with

antibodies to phosphorylated p90R:
p90RSK protein. Panel (b)

533 p9ORSK>"® p90RSK* or with antibodies to

the separated proteirsewprobed with antibodies to
phosphorylated ERK1?"YERK2™®Y1%7 or with antibodies to ERK1/2 protein. (These
data represent one of three independent experijnents
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5.2.3 Neither LP nor vitronectin affects calpain en  zymatic
activity during either chronic or acute time course
windows

The calpain activity assay is based up on the tleteof emitted light by a
fluorimeter due to cleaving a specific calpain ghdale substrate ( Ac-LLY-AFC ).
There are two purposes for measuring calpaiwvigctn the context of theVp5
integrin-mediated signaling pathways. The first agno investigate the role of
calpain in cleaving cytoskeletal proteins due tmatating SMS-SB cells by either
LP or vitronectin and for that purpose the calpaativity was measured over a
0,3,15,25 and 40 minutes time course. The otheriqim investigate the extrinsic
effect of either LP or vitronectin on apoptosishpetys and for that reason the
calpain activity was estimated within a 0, 0.5dr2| 4 hours time course.

Figure 5.3 shows that there is no clear effect @pain activity with either LP or
vitronectin stimulation with the exception of 20%crease following vitronectin
stimulation at the 3 minute time point. These dafggest that the calpain system is
not involved in cell signaling pathways mediated dyp5 integrin due to its

interaction with sCD23,LP or vitronectin.
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Figure 5.3 There is no change in Calpain activityin SMS-SB cells stimulated by either
LP or vitronectin within either short or long time course. SMS-SB cells were either
stimulated by LP or Vitronectin or without stimutat for the indicated time points. Cellular
proteins were extracted in the absence of protedshkitors. 60ug total protein/ 8fl of
extraction bufferwere mixed with10ul of 10x reaction bufferand 5ul of Calpain
substrate provided from abcam followed by an hmaubation at 37°C in the dark. The
reaction was measured by fluorimeter at 355nm atiait filter and 505nm emission filter.
Panel (a) demonstrates the Calpain activity witkimort time course and panel (b)
demonstrates the Calpain activity within long tiowirse experimented.P < 0.05 versus
corresponding untreated cells at the same timet.p@ihese data represent three independent
experiments).
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5.2.4 Vitronectin, sCD23 and LP activate SRF-respo nsive
luciferase vectors

Serum response factor (SRF) is a nuclear protah binds the Serum Response
Element (SRE) in order to regulate the transcnptaj set of genes that control
normal cell growth, apoptosis, and other cellulgivities *** %**. Several published
studies show that SRF forms different ternary caxgsd with different transcription
factors such as Elk-1, SAP-1 and Ets-1 in ordeetulate a wide range of genés
336,337 Moreover, serum stimulation strongly increasess $Rnscriptional activity
338 The phosphorylation of SRF lies downstream ofedéint kinases mainly ERK2,
p90RSK and JNK339' 340, 341, 342.

The investigation of the effect of SCD23,LP anttonectin on SRF activation is to
follow up the data that were obtained at the bagmwf this chapter and in order to
identify downstream signalling outputs of both ERKand p90RSK.

As shown in figure 5.4 theVp5 integrin ligands clearly increase the luciferase
activity in SMS-SB cells which have been trandieritansfected with pGL4.34
[luc2P/SRF-RE/Hygro] vector. In this experiment,G2b (v/v) of serum was used as a
positive control which shows very clearly that #eum stimulates SRF activation up
to 3-fold compared to untreated cells. These datgest that thexVp5 integrin

activates the transcriptional activity of SRF vminteraction with different ligands.
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Figure 5.4 Vitronectin, LP and sCD23 stimulate SRFesponsive reporter vector.SMS-

SB cells were transiently transfected p@L4.34[luc2P/SRF-RE/Hygroyector. Cells
were incubated for 48 hours at°@7and 5% C@followed by adding the stimuli 1.8nM Vn
(blue bar), 33uM LP (black bar), 10nM sCD23 (grey)kand 10% (v/v) serum, as a positive
control,. After 6 hours further incubation, the ifacase activity was measured by using
luciferase substrate in a plate luminometer. (Ttaegt@a are for one representative of three
independent experiments ).
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5.2.5 SDF1-a stimulates SRF reporter vector but does not
stimulate STATS reporter vector

In the third chapter of this thesis, we have shoat SDF1le stimulates SMS-SB
cell growth at 31.25nM. However, the SDEIstimulation was much less than the
growth stimulated by LP, a soluble CD23 derivatiaad also SDF1- enhances the
LP stimulation by about 20%. Therefore, the aininokstigating the effect of SDF1-
a in both STAT5 and SRF reporter activation is #iamapt to study the link between
growth stimulated by both sCD23 and SDdir order to find out key points of that
event.

In figure 5.5 panel (a) SDFRl-does not show a considerable effect on STAT5
responsive vector, while sCD23 has significantlynstated that reporter. On the
other hand, SDF#&- activates the SRF responsive vector but also somach as
sCD23 stimulation (figure 5.6 (b)).

In addition, SDFle fails to cause additional stimulation of eithee t&TAT5 and
SRF reporter activity when added together with s8&DPhese data suggest that
SDF1lea does not mediate STATS activation but it doesvatéi SRF at a limited

level.
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Figure 5.5 SDFle stimulates SRF responsive reporter vector but noBTATS reporter
vector. SMS-SB cells were transiently co-transfected w{iTL-luc) and (pTL-TAD)
STAT5b responsive vectors panel (a), or transfeatigid pGL4.34[luc2P/SRF-RE/Hygro]
vector panel (b). Cells were incubated for 48 hair8?C and 5%CO2 followed by adding
the stimuli; 31.25nM recombinant SDRkl{blue bar), 10nM sCD23 (grey bar) or both
together (black bar). After 6 hours further incudat the luciferase activity was measured by
using luciferase substrate in a plate illuminomef{€hese data are for one representative of
three independent experiments).
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5.2.6 PDGF stimulates STATS transcriptional activit y but
does not stimulate SRF

The previous data show that PDGF stimulates SM®&Bgrowth and enhances the
cell growth stimulated by the LP, a sCD23-derivegtale. In addition, there appears
to be an association between PDGF recepmmdaV 5 integrin due to its interaction
with the specific ligands. The purpose for exangnithe effect of PDGF in
stimulating the transcriptional activity of both &T5 and SRF is to follow up the
previous data and to find out whether STAT5 and $&f#be activated by the PDGF
receptor.

Figure 5.6 panel (a) shows that PDGF stimulatesrtmescriptional activity of STATS
which fits well the literature review of JAK/STATathway and the data shown in the
two previous chapters. In the same panel, sCD23vsheven further stimulation
compared to the untreated control cells.

However, PDGF does not show a clear stimulatioadtivating the SRF responsive
vector as demonstrated in panel (b), whereas sCéd28vs a highly significant
stimulation. On the other hand, PDGF does not eréhaither STAT5 or SRF
reporter activated by sCD23. These data suggest RB¥GF stimulates STATS

transcriptional activity to a certain extent buedmot drive the activation of SRF.
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Figure 5.6 PDGF stimulates STATS5 transcriptional atvity but does not stimulate SRF.
SMS-SB cells were transiently co-transfected wigTl(-luc) and (pTL-TAD) STAT5b
responsive vector (panel (a)) or transfected wiGL4.34 [luc2P/SRF-RE/Hygro] vector
(panel (b)). Cells were incubated for 48 hours AC3and 5% CO2 followed by adding the
stimuli; 8.3nM PDGF-AB (blue bar), 10nM sCD23 (grbsr) or both together (black bar).
After 6 hours further incubation, the luciferasdivaty was measured by using luciferase
substrate in a plate illuminometer. (These datd@rene representative of three independent

experiments).
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5.2.7 Soluble CD23 induces the growth of 697 and BA F03
cell line models

697 is a cell line derived from the bone marrowadf? year-old boy diagnosed with
acute lymphocytic leukaemia (ALLY’. The 697 cell represents the pre-B stage of
development of B-cell in which expresses the cysplic and surfacg-chains®®’.
Therefore, the 697 cells seem to represent the dex¢lopmental stage of B cell
development compared to SMS-SB cells.

The other cell line to be examined is called @ifBAF03 or BA/F3. These cells are
lymphoblasts derived from murine bone marrow antho& grow without exogenous
IL-3 supplementatiori** 2°. These cells do not express IgM which is a maf&er
both immature and mature B lymphocytés

In fact, the aim of this experiment is to ask vileetthe sCD23 stimulates the growth
of these cell lines as it does with the SMS-SBscéllgure 5.7 (panel a) clearly shows
that 1pug/ml (40nM) of sCD23 significantly stimulaté97 cell growth up to about
2.5-fold compared to untreated celB yalue is less than 0.005 ).

Similarly, 2pug/ml sCD23 stimulates the growth oé tBAFO03 cells up to 2-fold ,
which is also significant P value is less than 0.005 ) as shown in figurg(panel b).
These results suggest that the sC2@5 interaction stimulates the growth of

different stages of B cell precursors.
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Figure 5.7 sCD23 stimulates growth of 697 and BAR cells.Panel (a) 697 cells were
cultured at (5x1bcells / ml in protein-free medium supplemented18y (v/v) FCS) and
stimulated with 40nM of sCD23 for 48hr (gray bdanel (b) BAFO3 cells were cultured at
(5x10 cells / ml in protein-free medium supplementedibfy (v/v) FCS) and stimulated with
80nM of sCD23 for 48hr (gray bar). Cells then werecessed for Alamar Blue fluorescence
followed by 24hr further incubation at the sameditons. * P < 0.005 versus corresponding
untreated cells. (These data represent three indepeexperiments).
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5.3 Conclusion

The data presented in this Chapter show th\&g5 integrin activates p90RSK
phosphorylation at four different residues Ser38f, 359, Ser 363 and Thr 573 due
to its binding to the extracellular matrix ligandspresented by vitronectin and the
soluble ligands such as CD23 and LP as shown urdi§.1. The phosphorylation of
these residues is required for the p90RSK kimasigation 3% 3°3%° Moreover, the
data shown in figure 5.2 indicate that the phosylaton of p90RSK by these ligands
was completely blocked by the specific MEK1/2 intob (U0126) which suggests
that the activation of MEK is essential for the gpploorylation of both ERK1/2 and
p90RSK. Although these data are consistent witlersé\published reports it is not
clear yet whether ERK1/2 is the kinase of the pR® not which needs further
investigations.

The data presented in figure 5.5 show that SDFdetivates the SRF reporter
construct but not the STAT5 construct. In contr@fGRg stimulates the STATS
transcriptional activity but not the SRF. Theseadiings may suggest that PD&GF
involves  the  Jak2/STATS5  pathway while  SD&1- involves  the
MEK/ERK/p90RSK/SRF signalling pathway, in order tstimulate SMS-SB
proliferation.

Finally, soluble CD23 activates the growth of b68v and BAFO03 cells at different
concentrations 40nM and 80nM respectively whichicatks that the sCD28#35

interaction might be important in inducing the gtbvand survival in ALL B cells.
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6 Discussion

The data presented in this thesis show thatoMg5 integrin, PDGF receptor and
CXCR4 are expressed on SMS-SB cells. These receptonulate cell growth to
characteristic levels in response to differentrdidgm As shown in the first results
Chapter, thexVp5 integrin mediates SMS-SB cell growth when it Isimdther LP or
sCD23 which both contain the RKC motif. In additidtoth SDF1e and PDGF-AB
stimulate SMS-SB proliferation to a limited extent.

Moreover, sCD23, LP and vitronectin induce the JAKATSb signalling pathway
to different levels and at different times over@rinutes time course. In addition,
the third Chapter of this thesis showed that sCRE3and vitronectin stimulate the
phosphorylation of ERK1/2 and p90RSK, and inducd- $fanscriptional activity in

SMS-SB cells.

6.1 SMS-SB cell phenotypic characterization

SMS-SB is a cell line derived from a female pdtiem the leukemic phase of
lymphocytic leukaemig€®. Smith and colleagues found that these cells ressp
cytoplasmiau-chain?®. The data shown in the first results Chapter if thesis show
that these cells express CD19 which is the majorkemaof B-cell progenitors.
However, these cells do not express CD34 whiehdsterminant of the early stage
of antigen- independent phase of B-cell develogmenaddition, the SMS-SB cell
does not express CD5, a marker of B-cells in botndn fetal and postnatal lymphoid
tissues’’®. Furthermore, these cells do not express som® e} determinants such

as CD10 andi-chain at the cell surface. The data shown in tesis and the data
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presented by Smith et al suggest that the SMS-8Bably represents the stage
between pro-B and pre-B cells. Figure 6.1 demotestrtéhe possible stage of SMS-SB
cells within the B-cell lineage scheme. Figure Shbws that SMS-SB cells express
aVB5 integrin, but notaVB3 integrin, and also express the PDGF receptor and

CXCR4: expression of these markers is consistetfit edta from other report§> 23

SMS-SB cell

[V Vpre-B
CD45R 4
@ﬁ@—é_,@ e i%offraton /
CD19 ¢pus
PHSC LSC

pro-B cell pre-B cell

1 igu
Secondary Lymphoid Organs g

Mature-B cel Immature-B cell

Figure 6.1 B-cell development stages in Bone MarrawsMS-SB cell represents the area
between pro-B and pre-B cell according to the datavn in the third Chapter and Smith RG
et al %,
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6.2 SMS-SB cell growth mediated via different soluble
ligands

The proliferation data presented in Chapter 3 shioat SMS-SB cell growth is
increased in response to different stimuli. Thiswgh increase is different from one
ligand to the other and it is dose-dependent.

In this regard, figure 3.2 showed that SMS-SB gedwth is density-dependent which
is compatible with Tsai et al who showed that SMBIls express PDGF as an
autocrine growth factd”™. The fact that these cells fail to sustain thein@rowth at
low density which might indicates that the expressof the PDGF in these cells
requires an extra communication between the celih as cell-cell adhesion and the
aVB5 integrin might play a role in that kind of adhlmsi This hypothesis needs
further work such as knocking tl/p5 integrin down using Lentiviral small hairpin
RNA (shRNA) followed by a cell density-dependentwth study. In addition, the
cell density growth experiments in this study wassessed by two different methods;
Alamar blue and tritiated thymidine incorporatiand there is a robust signal-to-
noise ratio in both of them which means eitherhefse methods could be used for
mammalian cell proliferation studies.

Stimulation of SMS-SB cells using either sCD23 &1, [(the RKC motif-containing
ligands) which act via theVp5 integrin induced significant growth increase. LP
stimulates SMS-SB cell growth at the concentratioh83 and 66uM and sCD23
shows a similar effect. Both LP- and sCD23-driveéawgh stimulation seems to be
dose-dependent as shown in figure 3.3. On the bidred, a matrix ligand containing
the RGD maotif, vitronectin, does not stimulate tredl growth, which suggests that

the aVB5 integrin stimulates SMS-SB when it binds RKC rotintaining ligands
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but not RGD motif-containing ligands. These dat@ aonsistent with results
published by both Acharya et & and Borland et &f°. In the same context, figure
3.4 and figure 3.5 clearly demonstrated that eifi@FGyg or SDF1le induces SMS-
SB cell growth to modest levels, and both ligang@miBcantly enhance the cell
growth stimulated by LP. These data are also caflvpatith the data shown by
Acharya et af?® and Tsai et af’*. However, more investigations should be done to
determine whether that significant proliferativepense to the different ligands used
in this study, is specific for SMS-SB cells andestlypes of leukaemia as shown in
figure 5.7 or important at a specific stage of B-development. One useful approach
is studying the effect of these ligands and the adltheaVp5 integrin in normal B-

cell precursors.

6.3 Different kinase substrates stimulated by either
sCD23 or LP

The antibody array data clearly showed that mutipignalling pathways might
control how thexVB5 integrin mediates the growth increase stimulédgdCD23. A
surprising observation presented in figure 3.6het both LP and sCD23 strongly
induce the phosphorylation of STAT5 at tyrosine ,689d moderately on STAT2 at
tyrosine 689. This seems to be unusual in thatthgh integrin rarely mediates the
phosphorylation of any STAT family member accordinghe work reviewed in the
first Chapter of this thesis. In addition, this eiv&as consistent over the 20 minute
time course experimented. The other observatiorthenarray is that both LP and
sCD23 stimulate the phosphorylation of c-Src absyre 419. This event appeared

after 5 minutes of LP stimulation and was increagediually over the 20 minutes of
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sCD23 stimulation. Similar trends are observed wifes which was phosphorylated
at tyrosine 426. c-yes is a member of Src famihakes and both c-yes and c-Src can
regulate different signalling pathways involvedcell growth, motility, survival and
differentiation®** 3% Therefore, the phosphorylation of c-yes with shene trends of
phosphorylation of c-Src by both ligands might esg@nt a good technical control.
Both LP and sCD23 activate the phosphorylatiohefAMP-activated protein kinase
a2 (AMPKoa2) at threonine 172, a protein that plays a crucikd in ATP generating
mechanisms and protein synthe$fs®**’. In fact, the phosphorylation of AMRR in
response to both ligands might be involved in epesgpply for the cell growth
stimulated by these ligands or might be involved protein synthesis regulation; this

merits further investigations.

6.4 STAT5b activation

In normal conditions, IL-7 plays an essential roleearly B-cell development via
activating STAT5, and STAT5a/b is also requiredgorvival of CD8 T cells 2% 2%,

In addition, STAT5 controls Bcl-6 expression in méaral centre B cells which leads
to self-renewal and differentiation of human meynBrcells?®. However, STATL,
STAT3 and STATS5 were found to be activated in reseoto different cytokines and
growth factors in several leukaemic cell line madelarticularly in early B-precursor
acute lymphoblastic leukaemia and chronic myeledkdemia and this activation
mainly lies downstream of JAKY® 19720 Moreover, Catlett-Falcone et al showed
that constitutive STAT3 signalling activation unkis the apoptosis resistance of
multiple myeloma cells in which the activated STAh turn activates Bcl-2 and

Bcl-x, expressiof™.
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The data illustrated in this thesis show that 4\p5 integrin mediates the
phosphorylation and activation of STAT5b due todoig specific ligands. As shown
in figures 4.1 and 4.2, both sCD23 and LP stimulaieAT5 phosphorylation at
tyrosine 699 over the 20 minutes time course whikeonectin does not. The
phosphorylation of STATS at this specific residserequired for STATS activation
208,213 These data validate the results obtained byatftébody array and also
highlight another difference between the RGD- ariCR containing stimuli. In
addition, the phosphorylated STAT5 has DNA bindamgl transcriptional activity as
shown in figures 4.4 and 4.5. These figures demaiest that LP and sCD23 activate
cell growth and STATS5 to similar extents which segfgthat STATS plays a key role
in these stimulations. In the case of vitronedtiis ligand shows a minimal activation
of STAT5 which also fits well with the proliferaticdata presented in Chapter 3.

In fact, several studies have shown that STAThle#gs a range of genes in different
cell types. In terms of SMS-SB cell growth stimidat there are some candidate
genes that might be regulated by STAT5 such asxBah the context of anti-
apoptotic mechanisms, cyclindpSTATS might regulate the expression of PDGF, the
autocrine factogs might underlie the cell density growth dependerideerefore, it
would be very interesting to identify the STAT5der genes in response to soluble
CD23- avp5 integrin interaction. In this regard, a chromatimmunoprecipitation
strategy (Chip-Sequencing) is one useful technwjuieh uses a genome sequencer to
provide the sequences of DNA fragments that haea mamunoprecipitated with an
antibody against a target transcription factor sashSTAT5%** In fact, the Chip-
Sequencing technique would identify a primary genetwork which will

subsequently need a further investigation to sttty effect of the CD23eavp5
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integrin interaction on the regulation of the caladé genes in the network.
Nowadays, DNA microarray technology is one of veoynmon method that is used
to study the gene expression levels. This technmjigit be useful as a follow-up to
Chip-Sequencing data together with a further inddpat gene expression estimation

such as quantitative real time polymerase chaictiga(qRT-PCR)** >

6.5 The role of JAK2

The JAK protein family members are the main kinafesSTATs %% %° The
JAK2/STATS signalling pathway was identified in feifent haematopoietic
malignant cell line models, particularly in earlypBecursor acute lymphoblastic
leukaemia in which the cells express TEL-Jak2 fusioas a product of
t(9;12)(p24;p13) translocations, and in chronic loigk leukaemia with additional
translocations t(9;15;12)(p24;p15;p13% 7 In both cases the transcription factor
Tel is fused to the JH1 domain of Jak2 and conssfyuactivates STAT1 and STAT5
198,199, 200'

In this regard, the data shown in the fourth Chaptehis thesis clearly demonstrate
that both LP and sCD23 stimulate the phosphorylatioJAK2 at tyrosine 1007/1008
with similar trend of STAT5 activation as showrfigure 4.6. The phosphorylation of
Jak2 at these sites is potentially required foRJakto- or trans-phosphorylation and
for Jak2 kinase reactiorfs°. Moreover, both STAT5 and JAK2 inductions were
knocked down by using either PDGF receptor inhib{faG1295) or JAK2 inhibitor
(AG490) and both inhibitors reduce the cell growththe absence or presence of

stimulation as shown in figure 4.7. Although thex@ concern about the selectivity of
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these inhibitors, these accumulated data suggasthiih STATS activation mediated
via theaV 5 integrin might be JAK2 dependent and that alsdmaore investigation
on the role of either Jak1, Jak3 or Tyk2 in thasrev>">°23°3 Unfortunately, one of
the obstacles that been faced in this projectasdifficulty of transfecting SMS-SB
cell with siRNA which is usual in all lymphocytdsowever, it would be good to try
using the Lentiviral ShRNA to study STAT5 phospHatipn in either Jak2 or PDGF

receptor knocked out SMS-SB cells.

6.6 PDGF receptor-aVB5 integrin cross linking

Several studies over the last two decades havealssl/¢hat integrins are able to
mediate cell signalling pathways in different wasiech as receptor clustering,
receptor cross-linking or cytoskeleton protein dyits 3% 312313314

Zemkove and colleagues have reported thap thgbunit of PDGF receptor forms
cell surface bridges with eith@f or 3 integrins after stimulating fibroblasts with
transglutaminas&™. Sundberg and Rubin have published that the saitionl of p1
integrin activates the phosphorylation of the PDré¢eptor™.

The data presented in figure 4.9 show thatptiseibunit of PDGF receptor is co-
immunoprecipitated with thg5 integrin after stimulating SMS-SB cells with LP,
sCD23 or vitronectin; thep5 integrin is present in the PDGF receptor
immunoprecipitates. Therefore, these data are swmdi with results published
about the association of PDGF receptor with othtxgrins. Furthermore, JAK2 is

present in the PDGF-receptor immunoprecipitates rimt in the 5 integrin

precipitates which is also consistent with resofttle et al*®1%° . Although these
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data do not explain the nature of this interactishether it is a physical cross-link
or due to receptor clustering, there are sevemulisechniques that can elucidate
the nature of this association such as confocalrastopy and fluorescence
resonance energy transfer. Moreover, investigativgy interaction between the
avp5 integrin and the PDGF receptor in different B-oghlignant cell lines would
be valuable to understand and disrupt the protitemamechanism and anti-
apoptosis.

In conclusion, there are different scenarios tolarphow the aV5 integrin
mediates the activation of the JAK2/STATS signglipathway and figure 6.2

summarizes one of these possible scenarios.

sCD23/LP —

STATS

DNA D e
[ B ===t » % STAT5
(GAS)

Nucleus
Figure 6.2 Scenario foraVp5 -mediated STAT5S activation.The binding of thexV[5
integrin to the stimuli (LP or sCD23) induces PD&eptor-aVp5 integrin association
and that propagates JAK2/STATS pathway. The ast/&TATS in turn regulates the
transcription of certain genes that might be relateeither cell growth or apoptosis.
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6.7 The phosphorylation of ERK and p90RSK

As mentioned in the introduction, activation of ERK was found to be linked with
several biological actions such as cell growthyisat and proliferation in different
cell types. Moreover, there is some evidence tiagttivation of ERK is required for
cell cycle progression, and more precisely for telhsition from G1 phase into S
phase, which means that the activated ERK is aigoired for DNA synthesi&* 23
236.

In haematopoiesis, the Ras/Raf/MEK/ERK cascadespliferent roles depending on
the cell type and the maturation step it is invdlwe. The activation of MEK/ERK
signaling by stem cell factor (SCF) stimulates rhampoietic stem cell proliferation
52 Furthermore, the activation of the MEK/ERK patfyves a downstream effecter
of cytokine receptors is involved in different muation steps in both lymphoid and
myeloid lineage$®® %%, On the other hand, activated ERK was found iouaf’5%
of AML cases in a study conducted by Ricciardi &iglcolleague$®. In addition,
increased ERK1/2 seems to be a significant indictmio both B-ALL and T-ALL
patients®® ?°’ |n the same context, the MEK inhibitor U0126 reefs growth of
either AML or CML cell lines™® %,

In terms of SMS-SB cells, Acharya and her collemghave shown that sCD23
activates the phosphorylation of ERK1/2 and thet #vent was enhanced when cells
were co-stimulated with SDR4.- The data illustrated in figure 5.2 confirmed that
sCD23 and LP stimulate the phosphorylation of ERKdrd that is inhibited by the
MEK inhibitor U0126; this might mean that the phbspylation of ERK1/2 is MEK

dependent and that also is compatible with the weviewed in this study.
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Several studies have shown that RSKs lie downstdaire MEK/ERK pathway as a
response to different stimulants such as growttofac cytokines and hormonés”
244,323, 320 There are six different phosphorylation sitest thave been clearly
identified in p9ORSK, and four of them are locatedhe linker region between the
N- and C-terminal domains (Ser 221, Thr 359, SeB 3hd Ser 380); the
phosphorylation of this region has been showneaadguired for the activity of the
P90 RSK3243%5:326 |n addition, Threonine 573 has been identifiedhasbinding site
for ERK1/2 3% 3*" The p90RSK plays different biological roles assita growth
factor- and cytokine-responsive cell signalling neémt in cell proliferation,
differentiation and motility??® 329339331 |n the SMS-SB model, either sCD23, LP or
vitronectin activates the phosphorylation of p90RSK four different residues
( Ser380, Thr 359, Ser 363 and Thr 573 ), witled&nt trends and levels as clearly
shown in figure 5.1. In addition, figure 5.2 shottst the MEK inhibitor U0126
completely inhibits p90RSK phosphorylation withheit ligand. However, it is not
clear yet whether the phosphorylation of p90RSKiasERK1/2, via MEK directly or
other MEK dependent kinase such as ERKS5, as pwdlisly Pearson et &1*These
data raised several questions about the role ORB¥X in the context of SMS-SB cell
growth stimulated by thevp5 integrin. It would be very interesting to invegtie the
role of p90RSK in Bad phosphorylation and anti-aptp action, and to examine the
link between p90RSK and other possible downstresagets such as SRF, c-Fos and

c-Jun using either Lentiviral ShRNA or p90RSK intobs.
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6.8 The activation of SRF

Serum response factor (SRF) regulates the tratiseripf sets of genes that regulate
normal cell growth, apoptosis, and other cellulgtivities *** 3** SRF forms distinct
ternary complexes with different transcription tastsuch as Elk-1, SAP-1 and Ets-1
in order to regulate a wide range of gefi€s ¥% 33’ Moreover, serum stimulation
strongly increases SRF transcriptional activity The phosphorylation of SRF lies
down stream of different kinases, mainly ERK2, pS8Rand JNK 339 340,341,342

The SRF transcriptional activity study presentedCimpter 5 shows that thé/p5
integrin activates SRF to drive a reporter genestant in SMS-SB cells transiently
transfected with that vector. Figure 5.4 showsgmitant activation increase after
stimulating the cells with vitronectin, LP or sCD2% well as with serum stimulation,
compared to unstimulated cells. The data for ERKI@ p90RSK activation, in the
presence or absence of U0126, and the SRF repeseits raised several questions
drawing the complexity of signalling downstream @¥p5 integrin, and these
questions are summarized in figure 6.3.

Therefore, further work needs to be done to deteenaihether SRF lies downstream
of MEK/ERK1/2 and possibly p90RSK. In addition, would be promising to
investigate which possible proteins form a ternagnplex with SRF by using a co-
iImmunoprecipitation technique. Furthermore, it  clear yet what kind of link

exists between the activation of c-Src, ERK1/2,RSH, SRF, STAT5 and JAK2.
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Figure 6.3 The activation of ERK1/2, p90RSK, SRF ah STATS leaves many question
marks in order to understand how the sCD23Vf@5 integrin interaction sustains the
SMS-SB cell growth.
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6.9 Calpain activity study

Both Calpains,p and m are cytoplasmic cysteine proteases that pkxeral
biological roles in cell mobility and embryonic ddopment due to cleaving
cytoskeletal proteing'%%? |In addition, bothu and m Calpains play different roles in
cell signaling and apoptosis via cleaving caspase3/ -9 and caspase-3 or via
activating caspase activators such as APAF-1 atatisgome C2°%2%4,

The data presented in figure 5.3 clearly show tihate is no clear effect on calpain
activity following stimulation of theVp5 integrin with either LP or vitronectin for a
short time course (0-40 minutes) or also for aldimge course (0.5-4 hours).
However, these data are not enough to say that thero caspase involvement after
stimulating theaVB5 integrin with its specific ligands. Moreover, cging the
substrate used in this experiment (AC-LLY-AFC) widther substrate such as Suc-
LLVY-aminoluciferin or (EDANS)-Glu-Pro-Leu-Phe-Al&lu-Arg-Lys-(DABCYL)

might give different outcomes and lead to differemiclusion.

6.10 The activation of STAT5 and SRF by either SDF1-a
or PDGF-AB

SDF1 plays an essential role in haematopoieti¢ welturation, survival and
proliferation**> In addition, in various cell types including Bllgerecursors, SDF1
increases the intracellular calcium levels viatiiga of CXCR43* 13" This ligation

also leads to the activation of phosphatidylindsi8& — kinases (PI3K) and
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phosphorylation of MEK and ERK as a consequenc@hafsphorylation of focal
adhesion complexe$® Moreover, SDF1 stimulates the Jak/STAT pathw&yOn
the other hand, SDF1 is thought to pldyferent pathological roles such as HIV
infection enhancement, tumour growth, inflammatonl angiogenesi§® %42 |n
terms of leukaemias, CXCR4 is highly expressed i dBronic lymphocytic
leukaemia cells which enhances their response t&1SH® Meanwhile, the
migration, cellular adhesion and survival of diéfist acute lymphocytic leukaemia
cell lines are enhanced in the presence of SI¥1*. However, the data presented
in figure 5.5 clearly show that SDFl-on its own significantly simulates the
transcriptional activity of SRF but does not stiatel STAT5. These data are
consistent with the work reviewed above and théifgration data shown in the third
Chapter of this thesis.

In a wider context, several studies have shown ttia PDGRg induces cellular
proliferation, migration and differentiation via ¢hRAS/MAPK pathway and
promotes cell survival through the PI3K/Akt pathw&y ° In addition, PDGF
induces the activation of both STAT1 and STAT3 tha phosphorylation of JAK
proteins in fibroblast$® % Moreover, PDGRs activates STATS5 in different types
of leukaemia such as AML and CM{®® 19917

The data illustrated in figure 5.6 show that STATfanscriptional activity is
significantly induced by PDGE whereas there is no effect on SRF activity. These
data strongly support the proliferation data présgnn Chapter three and are
consistent with the work reviewed in this thesis.cbntrast, both stimuli do not

provide any further stimulation to the vectors beyohat induced by sCD23.
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To conclude, SDF- activates SRF but does not activate STATS5 whileGPLR

activates STAT5 but does not activate SRF and phabably means each stimuli
plays its role in a different way. Similarly, it winl be interesting to identify which
genes might be regulated by STATS5 in response tGRPand to compare these
genes with the set of genes regulated by STAT5espanse to either sCD23 or
vitronectin. In addition, using qRT-PCR might giamother comparison study on
candidate gene expression levels in response we thgands. In terms of SDF1,
further experiments need to be done to examineffieet of SDF1 in promoting the

phosphorylation of p9ORSK and other ERK1/2 dowrastreéargets such as c-Fos.

6.11 The growth of 697 and BAFO03 cells with soluble
CD23 stimulations

The data illustrated in Chapter 5 (figure 5.7) destmates that soluble CD23
significantly increases the 697 cell growth at demcentration of 40nM, and also
stimulates the proliferation of murine transfornwals (BAF03) at 80nM. Acharya
and colleague¥? have shown that soluble CD23 stimulated the pradifon of Blin-

1 cells, a pre-B cell line model extracted frone tone marrow of a 11-year old boy
with ALL. Moreover, they have shown that soluble Z3xderived peptide (LP)
stimulates the RS4;11 cell growth which is anotheL cell line model. These data,
together with the results presented previously, hiniguggest that soluble CD23
underlies the proliferation of several acute lympj@ leukaemia cells from different
origins. However, the data shown previously leawae challenging questions about

the cell signalling pathways that are involved acle cell line model due to thé/p5
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integrin-sCD23 interaction, especially JAK2/STATEEK/ERK1/2, p90RSK and

SRF, and also about the role of sSCD23 in normaBocell growth and maturation.

6.12 Conclusion

This study has attempted to understand hows¥Hgs integrin mediates SMS-SB cell
growth due to its binding to the model soluble fida represented by the soluble CD23
and LP (a synthetic peptide derived from soluble2@D The data presented in this
thesis can be summarized as the following:
* TheaVp5 integrin promotes SMS-SB proliferation after bimgito sCD23
and LP, which both contain an RKC motif, while #hés no proliferation after
vitronectin binds via the RGD maotif.
* Both SDF1 and PDGF stimulate SMS-SB growth weallyld enhance
growth promoted by LP.
* Both sCD23 and LP stimulate the phosphorylation different kinase
substrates including STAT5a/b and STAT2.
» Stat5B phosphorylation is induced by sCD23 or LRd a&lightly by
vitronectin.
* sCD23 and LP strongly stimulate Stat5 DNA bindimgl dranscriptional
activity, but vitronectin causes minimal activation
* aVp5 integrin and PDGF receptor are co-immunopredgitdrom SMS-
SB cells, and Jak2 is co-immunoprecipitated withGFDreceptor but not

aVp5.
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» SMS-SB cell proliferation and Phosphorylation ofatSb are clearly
reduced by both Jak2 kinase inhibitor (AG490) amGIF receptor kinase
inhibitor (AG1295).

* Furthermore CD23, LP and vitronectin promote thegpiorylation of
MAPK, p90RSK and induce SRF transcriptional acivit

* Soluble CD23 promotes the growth of 697 and BAREIBImes.
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