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Abstract

The roles of leukotrienes (LTs) in the mediation of specific cellular responses in
immunity and inflammation are well established. Some authors have suggested
that the endogenous generation of LTs may play a role in the regulation of the
proliferation of both normal and malignant haemopoietic cells. I have therefore
investigated effects of 5-lipoxygenase (ILO) inhibitors on the proliferation of
normal and malignant haemopoietic cells.

Piriprost, nordihydroguiaretic acid (NDGA), and BW755C, inhibitors of LO,
inhibited DNA synthesis (as measured by the incorporation of [°*H] thymidine)
in freshly isolated leukaemia blasts and in the leukaemia cell lines HL60,
K562, and Jurkat. However, DNA synthesis and proliferation (as measured by
counting trypan blue-excluding cells) of the above cell lines were not affected by
the novel, highly specific LO inhibitors MK 886 and BWA4C in concentrations
in excess of those required for substantial inhibition of leukotriene generation
in whole blood. Furthermore, MK886 and BWA4C, did not impair DNA
synthesis in PHA-stimulated T lymphocytes and normal haemopoietic cells.
The data suggest that endogenous leukotriene production does not play a role
in regulating the proliferation of either normal haemopoietic cells or leukaemia
cell lines.

I have also studied effects of LO inhibitors on mitogen-stimulated inositol lipid
breakdown, one of the specific signal transduction pathways which regulate the

proliferation of haemopoietic cells. Piriprost, NDGA, and BW755C inhibited
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PHA- stimulated breakdown of inositol lipid in human T lymphocytes. However,
inositol-lipid breakdown in PHA- and CD3 monoclonal antibody (McAb)-
stimulated T lymphocytes and Jurkat leukaemia cells was not affected by the
lipoxygenase inhibitors, BWA4C and MK886 in concentrations which were
shown in parallei studies to substantially inhibit leukotriene generation in
whole blood. Furthermore, leukotrienes generation (as measured by
radioimunoassay) was not detected following PHA stimulation of T lymphocytes.
These results imply that inhibition of mitogen-stimulated inositol lipid
breakdown by NDGA, BW755C, and piriprost must be due to a mechanism
other than inhibition of lipoxygenase. Because these LO inhibitors also have
antioxidant properties, I studied the effects of several general antioxidants on
growth regulatory signal transduction pathways.

Butylated hydroxytoluene (BHT), dithiothreitol, and N-acetylcysteine abrogated
PHA- and CD3 McAb- stimulated inositol lipid breakdown in T lymphocytes.
The effects of antioxidants on inositol-lipid breakdown were not attributable to
irreversible damage to cellular structures or inhibition of PtdIns4,5-P,-PLC.
These observations imply that an antioxidant-sensitive step was obligatory in
coupling cell-surface receptors to the inositol signalling system in T
lymphocytes.

By contrast, antioxidants did not perturb PHA- or CD3 McAb- stimulated
inositol lipid breakdown in Jurkat T acute lymphoblastic leukaemia cell line.
Therefore, the biochemical mechanisms which couple cell-surface receptors to
the inositol lipid signalling system are different in normal peripheral blood T

lymphocytes and in Jurkat leukaemia cells.
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CHAPTER 1

MECHANISMS OF MITOGENIC SIGNAL TRANSDUCTION IN T
LYMPHOID CELLS.

The experiments described in this thesis were designed to evaluate the
following: (a) The actions of lipoxygenase inhibitors and antioxidants on the
proliferation of normal haemopoietic cells, malignant haemopoietic cell lines and
freshly isolated leukaemia blasts; (b) Using T lymphocytes and the Jurkat T
lymphoblastic leukaemia cell line as model systems, to investigate the
mechanism of action of lipoxygenase inhibitors and antioxidants on a specific
mitogenic signal transduction pathway viz. the inositol lipid signalling pathway.
Therefore, the introduction to this thesis is divided into two sections. The first
focuses on mitogenic signalling in T lymphocytes, and the second on oxidative

processes and free radicals in biological systems, with an emphasis on the

lipoxygenase system.

1.1 The Ontogeny of T lymphocytes

T lymphocytes are derived from the pluripotential stem cell (Wu et al 1968).
Early T cell precursors do not express the membrane markers of mature T cells
and their T- cell receptor genes are still in the unrearranged state (Shortman
et al 1984).T cell progenitors migrate to the thymus where they undergo a

series of differentiation steps under the influence of hormones produced in the
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thymus including thymopoietin (Ezine et al 1984). The thymus is divided into
cortical and medullary regions which each consist of epithelial cells and
lymphocytes. In the cortex T lymphocytes undergo massive cell division and
acquire both T cell functions and cell- surface markers characteristic of mature
T cells.The cortical T lymphocytes contain terminal deoxynucleotide transferase
and express CD4 (helper) and CD8 (cytotoxic T cell) antigens. The medulla
contains mature T cells which exhibit the phenotypic characteristics of
peripheral blood T lymphocytes.Here they also acquire CD3 surface antigen

(Royer et al 1985).

1.2 Cell Surface Molecules Important in T Cell Activation

1.2.1 The T Cell Antigen Receptor (TCR) and CD3

The T cell antigen receptor (Fig.1) plays a central role in initiation of
biochemical signals during T cell activation (Weiss et al 1987). It consists of
two polypeptide chains, alpha (49 kDa) and beta (43kDa) linked to each other
by disulphide bridges. Each chain has a transmembrane region and a
cytoplasmic domain (Meuer et al 1983). The overall structure of these chains
is very similar to that of the light chain of the immunoglobulin molecule, each
having variable and constant regions.

The genes encoding the alpha and beta chains lie on chromosomes 14 and 7

respectively and are rearranged in T cells in a manner similar to the
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rearrangement of immunoglobulin genes in B cells, resulting in a wide
diversity of specific antigen-recognizing structures ‘Barker et al 1984). In the
germline configuration, the TCR beta gene comprises a set of alternative V
(variable) regions,followed by a set of alternative D (diversity) regions and J
(joining) regions and a C (constant) region. The beta gene additionally contains
a second set of D,J, and C genes (Gascoigne et al 1984).

The overall organization of the alpha locus is similar but this gene contains
only a single constant region ,multiple J segments, and no D segment (Caccia
et al 1985). Clonotypic structures capable of specific recognition of antigen in
association with products of the major histocompatibility complex (MHC), are
generated by gene rearraﬁgements which juxtapose individual V,D and J
regions (Tonegawa 1983). Three hypervariable regions within the variable
region of each of the two TCR chains form the antigen binding pocket (Wu et
al 1970).

The non-clone specific CD3 complex is non- covalently associated with the TCR,
and consists of gamma,delta, epsilon,zeta,and eta polypeptide chains (Clevers
et al 1988). These chains are encodeu by gene clusters located on
chromosome 11 (except the zeta chain). These chains do not share structural
homology with immunoglobulins. The CD3 polypeptides possess substantial
intra-cytoplasmic domains which are probably important in transduction of
signals derived from interaction of antigen-MHC with the TCR to the cell
interior.

The zeta subunits have a unique structure,unrelated to the other polypeptides
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~ of the CD3 complex and are encoded on a sepafate chromosome (Weissman et
al 1988). The zeta subunits belong to a novel protein family that_ includes the
gamma chain of the high affinity IgE receptor (FC ‘e'psilon RI')‘ (Jin et al 1996
). The probable function of the zeta dimers is to link the TCR to critical
biochemical pathways involved in the activation of T cells (Irving et al 1991;
Frank et al 1990) . However,TCR/CD3 complexes having intact gamma,delta,
and epsilon chains but devoid of the zeta chain secrete IL-2 in response to
ant;igem'c stimulation (Wegener et al 1992 ), suggésting the existence of at least
two parallel transducing units,one cbmposed of gémma,delta,and epsilon-
subunits and the other a dimer of zeta chains.

A small percentage (3-10%) of peripherg] blood T cells express a gamma-delta
TCR cell complex instead of alpha-beta heterodimei's (Koning et al 1987).-The
structure of the gamma chain is essentially similar to that of the other TCR
chains ink containing V,J, anci C elements (Hayday et al 1985). The delta chain
also contains an immunoglobulin like extra-cellular domain (Gold et al 1987).

T cells expressing these chains exhibit MHC réstriction (Matis et al 1987).

1.2.2. Proteins encoded by the major histocompatibility

complex (MHC) and functions of CD4 and CD8 molecules:

Several other surface molecules also play important roles in efficient T cell
antigen recognition and activation. The CD8 and CD4 glycoproteins bind to

MHC class ‘I and class II molecules on antigen presenting cells( APC)
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respectively, and facilitate antigen recognition by T cells ( Marrack et al 1986).
The human major histocompatibility complex (MHC) is located on the short
arm of chromosome six. It comprises five closely linked genes designated as
HLA genes: HLA-A,B,C,D, and HLA-DR. The MHC- encoded proteins are
glycoproteins of two sub-types. Class I molecules are encoded by HLA A,B, and
C genes and are expressed by most somatic cells . The class I molecules consist
of two chains; a 43 kDa polymorphic transmembrane glycoprotein and 12 kDa
nonpolymorphic protein, beta2-microglobulin which is encoded outside the HLA
region on chromosome 15 (Bjorkman et al 1987).

Class II antigens are also glycoproteins and are encoded by genes in the D
region. There are at least three class II regions: HLA-DP,HLA-DQ,HLA-
DR.They are expressed primarily on antigen presenting cells and B
lymphocytes. The MHC encoded glycoproteins function in presenting antigen to
specific T lymphocyte subsets( Engleman 1981). CD4 helper lymphbcytes
recognize antigen in the context of MHC class II molecules, whereas CD8
cytotoxic cells bind antigen associated with class I structures. The CD4 and
CD8 molecules bind to non- variant domains of the claés II and class I
molecules respectively, and this binding initiates the generation of a co-signal
which synergizes with that generated by the binding of the polymorphic domain
of the MHC molecule, in association with the TCR complex ( Marrack et al
1988).The capacity of T cells to recognize antigen only in the context of self

MHC molecules is acquired in the thymus (MHC restriction). T cells reactive
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with self antigens are destroyed in the thymus. The cytoplasmic domains of the
CD4 and CD8 molecules are highly conserved and may be involved in
transmembrane signal transduction. These molecules share homology with
other receptor molecules encoded by genes within the immunoglobulin
supergene family (Littman et al 1987 ). CD8 is a 32 kDa glycoprotein

( Snow et al 1983), whose amino terminus closely resembles the variable
region of the kappa light chain. CD8+ cells play a role in T cell- mediated
cytotoxicity ( Swain et al 1981), their main function being to recognize and kill
virally infected cells.These cytotoxic T cells can recognize and lyse only those
virus infected cells that display viral antigens in association with self MHC
class I molecules.

MHC class IT molecules are involved in specific antigen recognition by CD4+
helper T cells (Doyle et al 1987). The CD4 molecule is a 55 kDa cell surface
glycoprotein (Terhorst et al 1980), whose extra-cellular domain binds to non-
polymorphic regions of MHC class II molecules on antigen presenting cells(APC)
independently of the TCR (Gay et al 1986). This probably promotes adhesion
between CD4+ T cells and APC (Marrack et al1983). It is possible to disrupt

this adhesion using anti -CD4 or anti- MHC II antibodies (Gay et al 1987).

1.2.3 Leucocyte function-associated (LFA) molecules

The leucocyte function associated (LFA) molecules comprise a family of

glycoproteins that play important roles in cell adhesion (Martz et al 1987).
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Thre'_e such molecules identiﬁéd as important ‘in T cell bindihg to APC are
designated LFA-1, LFA-2(CD2) and LFA-3.Interaction between LFA-1 and its
ligand' (CD54) facilitates antigen recognition and plays a cﬁtical role in
mediating adhesion between T cells and z;ntigen presenting cells.

Ligation of the LFA-2 (CD2) Ag has also been shown to be capable of
stimulating T cells (Meuer et al 1984). The CD2 Agis a receptor like structure
(Sayre et al 1987).

Phytohaemagglutinin(PHA) probably stimulates T cells at léast in part by
interacting with CD2 (O'Flyh et al 1986). CD2 facilitates cell-cell adhesion by
binding to LFA-3, a surface glycoprotein expressed on connective tissue-cells,
endothelial cells, leucocytes and red blpod cells. Antibodies directed against
LFA-3 inhibit cytotoxic T cell mediated killing by binding to LFA-3 on target

cells, thus blocking binding of CD2 to LFA-3.

1.2.4 The CD28 molecule

CD28 is a homodimer expressed by T cells. Molecular cloning of this T cell
surface molecule revealed that it too belongs to immunoglobulin gene super-
family (Aruff et al 1987).

CD28 has been shown to mediate cell-cell adhesion by binding to its co-rerceptorv 7
the B7/BBI molecule (Springer et al 1987). B7/BBI transduces signals to T cells

through the CD28 molecule (Linsley 1991; Bierer et al 1985).
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1.3 Protein tyrosine kinases(PTKs) and the regulation of cell

proliferation.

Protein phosphorylation is a well established mechanism for the

rapid and reversible regulation of enzyme activity (Krebs 1986). Protein
kinases and phosphatases respectively add phosphate residues to or remove
them from serine/threonine residues of proteins (Edelman et al 1987) or
tyrosine residues (Hunter et al 1985). Protein tyrosine kinases(PTKs), are
classified into receptor and non-receptor kinases (Hanks et al 1985). The extra-
cellular glycosylated domains of the receptor kinases bind specific
ligands.Ligand binding by these receptors stimulates the intracellular kinase
domain with the consequent activation of various second messenger systems
(Yarden et al 1988).

Many growth factors receptors including the receptors for epidermal-growth
factor(EGF),platelet-derived growth factor (PDGF), colony-stimulating factor-1
(CSF-1) and insulin possess an intracellular protein tyrosine kinase whose
activity is stimulated following ligand binding (Yarden et al 1988). The c-kit
proto-oncogene encodes a trans-membrane tyrosine-kinase, which shares close
homology with the CSF-1 and PDGF receptor kinases (Yarden et al 1987;
Ullirich 1986). The ligand for the c-kit receptor has been cloned. It is expressed
and secreted by fibroblasts, and is believed to play an important role in the

regulation of proliferation of early haemopoietic cells.(Nocka et al 1990).
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Some important cellular targets regulated by PTKs include phospholipase C,
the ras GTPase-activating protein (GAP), phosphatidylinositol 3-kinase and the
serine/threonine protein kinase encoded by the c-raf protooncogene (Samelson
et al 1986; Cockroft et al 1984; Baniyash et al 1988).

The non receptor PTKs are smaller intra-cellular enzymes associated with
receptors which are themselves devoid of kinase activity(e.g; p56 lck linked to
CD4 and CDS8) or with kinase receptors e.g association of the PDGF receptor
with a member of the src family tyrosine kinase (Veillette et al 1988; June et

al 1990).

1.3.1 The role of PTKs in T cell proliferation

T cells express several PTKs including those encoded by the c-sre, Ick and c-fyn
genes. Tyrosine phosphorylation of the CD3 zeta chain and serine
phosphorylation of the CD3 polypeptide gamma and to a lesser extent epsilon
are rapid consequences of binding of mitogenic anti TCR/CD3 monoclonal
antibodies(McAbs) to the TCR complex (Patel et al 1987). TCR stimulation also
results in serine phosphorylation of c-src (Ledbetter et al 1988). Tyrosine
phosphorylation of the CD3 zeta chain and other proteins probably play a
crucial role in T cell activation and proliferation as illustrated in Fig.1
(Samelson et al 1986; Baniyash et al 1988). Increased  tyrosine

phosphorylation of multiple proteins has been observed following TCR
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stimulation (June et al 1990).

The 56 kDa PTK encoded by the lck proto oncogene (p56'* ) is the most likely
candidate as enzyme responsible for the phosphorylation of the zeta chain
(Marth et al 1985; Voronova et al 1986). Transfection experiments using point-
mutated lck have suggested that the lck gene product probably plays a role in
regulation of cell proliferation and differentiation. Veillette et al (1988) have
shown that p56'* is non- covalently but tightly associated with the cytoplasmic
domain of both CD4 and CD8 molecules. This association may underlie the
mechanism by which ligation of the TCR is coupled to tyrosine

59c-fyn

phosphorylation events (Weissman et al 1989).Recently the p kinase, a
member of the src family of PTKs, has been proposed as another candidate for
the TCR coupled PTK (Volarevic et al 1990).

The mechanism by which p56'* or p59°"" are activated via the TCR remains
elusive. Therefore, the existence of other molecules playing a role in TCR signal-
transduction can not be ruled out.For example the cytoplasmic domain of the
CD45 molecule present on T cells contains tyrosine phosphatase activity .
Signalling through the TCR is impaired in Jurkat cells lacking the CD45
molecule. In addition, the CD45 molecule can associate with CD4 and ﬁhe TCR
complex (Volarevic et al 1990), forming a stable complex in mitogen- primed T
cells.

Ligation of the CD4 molecule stimulates Ca++ mobilization ( Rosoff et al 1987),

and activation of tyrosine kinases including p°®*. These PTKs induce in turn

the tyrosine phosphorylation of specific cellular substrates (Veillette et al 1989).
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The cytoplasmic domain of the CD4 molecule contains serine and threonines
residues, one or more of which are phosphorylated upon exposure of T cells to
specific antigen or treatment with phorbol ester.Neither CD4 nor CD8 possess
PTK domaiﬁs within their cytoplasmic tails (Maddon et al 1985). Stimulation
of CD2 also stimulates a rise in intracellular Ca** and induction of mitosis
(Weiss et al 1984). CD2 cross-linking induces tyrosine phosphorylation in T
cells( Samelson et al 1990) , but the mechanism is unclear.

The proto-oncogene vav encodes a protein with transcription regulatory
functions. It is expressed in haemopoietic cells and its gene product p95vav
contains multiple structural motifs, including the SH2 domain ( for src-
homologous domain 2). SH2 is a common non-catalytic domain possessed by
several proteins implicated in the regulation of cellular responses to mitogenic
stimuli. This domain mediates their interaction with activated tyrosine protein
kinases. Stimulation of the T cell antigen receptor on normal human peripheral
blood lymphocytes and leukaemic T cells results in phosphorylation of tyrosine
residues of vav (Margolis et al 1989). All of these observations further
consolidate the evidence that the tyrosine phosphorylation plays an important

role in the regulation of T cell proliferation.
1.4 Guanine nucleotide-binding proteins( G Proteins)

Numerous cell-surface receptors are coupled to second messenger-generating

enzymes (effector enzymes) via guanine nucleotide-binding proteins (G
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proteins)(Birnbaumer et al 1990). Classical G proteins involved in signal
transduction comprise a family of heterotrimers, consisting of alpha, beta, and
gamma sub-units ( Simon et al 1991; Neer et 1988). The beta and gamma sub-
units are tightly associated with each other. The alpha sub-unit is specific to
each G protein, and has characteristic properties of binding with guanine-
nucleotide and interactions with specific receptors and effectors. More than 16
members of the G protein super-family have been identified. Three G proteins
have been particularly well characterized: Gs, Gi(see below) and transducin,
which controls cGMP phosphodiesterase activity in retinal-rods( Spiegel et al
1987). The best studied system involves the control of adenylate cyclase: the
two G proteins, Gs(stimulatory) and Gi (inhibitory) couple receptors to
adenylate-cyclase. Following receptor stimulation activation of Gs occurs when
GDP bound to the alpha sub-unit of the heterotrimer is exchanged for GTP. The
resulting Gs alpha-GDP dissociates from the beta - gamma complex and
activates adenylate cyclase. The alpha sub-unit possesses an intrinsic GTPase
activity which hydrolyzes GTP to GDP. Consequently the G alpha-GDP complex
formed re-associates with beta-gamma sub-units to form the inactive
heterotrimer(Bourne et al 1990).

Signalling via Gi involves an analogous mechanism, but the generation of free
Gi alpha results in inhibition of adenylate cyclase.

Cholera and pertussis toxins have been used to elucidate the role of G proteins
in signal transduction pathways. Cholera toxin modifies an arginine residue at

position 201 of Gs.,thus reducing the intrinsic GTPase activity of Gs alpha,
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resulting in continuous activation of adenylate-cyclase.

The functional activities of the ras-encoded protein bear some similarities to
those of the classical G proteins (Hurley et al 1984). All the three members of
the ras gene family i.e; H-ras, K-ras and N- ras encode 21 kDa proteins (p21),
which are located on the inner side of the plasma-membrane, bind to guanine-
nucleotides and possess weak intrinsic GTPase activity ( Chang et al
1982).However, this GTPase activity is stimulated by a separate GTPase
activating protein (GAP). GAP is a target for phosphorylation by PTKs, and this
may provide a link between PTKs and ras proteins. In fact activation of the
TCR leads to increases in the amount of ras in the GTP bound state (Downward
et al 1990).The effector systems regulated by the p21ras protein have not been

identified.

1.5 Phospholipase C(PLC)

Eukaryotic cells express a family of phospholipase C (PLC) enzymes highly
specific for inositol lipids. Their activation results in the hydrolysis of a rare
membrane lipid phosphatidyl inositol 4,5-biphosphate( PtdIns-4,5-P,) resulting
in the generation of two potent second messengers inositol 1,4,5- trisphosphate(
Ins 1,4,5-P,) and diacylglycerol (DAG) (Dougherty et al 1984). Multiple iso-
enzymes of PLC have been described (Fain et al 1990). PLC beta is
stimulated mainly via G proteins, while the activity of PLC gamma is

regulated by tyrosine phosphorylation. Therefore, the stimulation of PTKs
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following ligand binding is potentially able to regulate the crucial second
messenger pathway triggered by PLC (Mustelin et al 1990).

In both neutrophils and platelets, G proteins are involved in receptor- mediated
activation of PLC (Cockcroft et al 1984; Brass et al 1986).

Introduction of the ras oncogene which encodes a permanently activated form

21ras

of p'™, into fibroblasts results in increased inositol lipid turnover (Fleischman
et al 1987). This increased turnover can be blocked by injecting antibodies
against Ptd Ins 4,5-P,(Fukami et al 1988). Although these observations suggest

that GTP-bound ras can activate PLC, no direct link between the ras oncogene

product and PLC has been demonstrated to date.
1.6 The biochemistry of the inositol-lipid signalling pathway

The binding of many growth factors to their receptors triggers

the inositol lipid signalling pathway (Fig 2). Stimulation of PtdIns-4,5-P,
specific phospholipase C results in the generation of diacylglycerol( DAG) and
inositol 1,4,5-triphosphate(Ins 1,4,5-P,) (Berridge et al 1985). ‘Ins 1,4,5-P; is
degraded via inositol bisphosphate (IP2), inositol monophosphate (IP) and
inositol. The reaction of inositol with cytidine monophosphate-activated
phosphatidic acid results in the resynthesis of phosphatidylinositol( PtdIns) ,

as shown in Fig 2.
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This pathway first described by Hokin in 1953, has been identified as a
signalling mechanism in numerous cellular responses including secretion,
contraction, metabolism and cellular proliferation (Majerus et al 1985). Most
importantly it is believed that increased inositol lipid turnover is necessary for
transformation by certain oncogenes and mitogenic stimulation by growth

factors (Kaplan et al 1987; Coughlin et al 1989).

1.7 The second messenger roles of DAG,Ins 1,4,5-P; and inositol

1,3,4,5,tetrakisphosphate(Ins 1,3,4,5-P,)

DAG and Ins 1,4,5-P; are potential proliferation-regulating second messengers
in T cells (Imboden et al 1985). DAG is a neutral lipid which remains in the
cell membrane and activates the serine/threonine kinase, protein kinase C
(PKC) (Berridge et al 1987). Protein kinase C has been implicated in the
regulation of diverse cellular functions. Following the binding of DAG, PKC
shows an increased affinity for phospholipids and Ca**, cofactors required for
activation of the enzyme (Nishizuka 1984). In subsequent reacfions, DAG can
either be phosphorylated to phoéphatidic acid or deacylated by a diglyceride-
lipase, yielding monoglyceride and arachidonic-acid.

Ins 1,4,5-P; is a water soluble compound which binds to specific sites on the
endoplasmic reticulum consequently triggering the release of stored Cé“
(Nishizuka,1986). Ins 1,4,5-P; can be phosphorylated by a specific kinase, giving

rise to inositol 1,3,4,5-tetrakisphosphate(Ins 1,3,4,5-P,). In concert with Ins
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1,4,5-P,, Ins 1,3,4,5-P, regulates the entry of extracellular Ca**, thereby
prolonging the Ca** signal initiated by inositol lipid hydrolysis {Irvine et al

1986). The elevation of cytosolic Ca** levels is an important component of
mitogenic signalling pathways,and results in the activation of Ca*-dependent

enzyme systems (Irvine et al 1986).
1.8 The protein kinase C (PKC) family

PKC belongs to a family of protein kinases which phosphorylate proteins on
serine and threonine residues, thus altering their functional activities
(Nishizuka 1988). Certain mitogens, e.g phorbol esters can directly stimulate
PKC, thereby short-circuiting ligand- induced pathways. The simultaneous
elevation of Ca** and activation of protein kinase C modulate diverse cellular
functions including activation of inflammatory cells, secretion, smooth muscle
contraction and cell-division. (Nishizuka. 1988). Several iso-forms of PKC with
different catalytic and/or regulatory properties have been identified including
alpha,beta 1,beta 2, gamma, delta,epsilon,zeta and eta. T cells coﬁtain the alpha
and beta iso-enzymes, the level of the beta iso-enzymes being slightly higher
compared to that of the alpha iso-enzyme (Shearman et al 1988).

Genes encoding the different iso-enzymes of PKC have been cloned (Parker et
al 1986) . The iso-enzymes alpha, beta and gamma are composed of four
homologous domains (C1-4),C1 and C2 domains are unique for these iso-

enzymes and have been implicated in the Ca** dependent activation of PKC
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(Schaap et al 1989), while the C1 domain have been shown to bind phorbol
ester .The C2 domain of PKC shares structural homology with related regions
in GAP (Vogel et al 1988), and phospholipaseA2( PLA-2) and may be involved

in the translocation of PKC to the cell membrane (Clark et al 1991).

1.9 The inositol lipid signalling pathway in T cell activation

Several changes in membrane phospholipids have been observed

in response to stimulation of the TCR by lectin (Wickremasinghe et al 1987;
Hasegawa-Sasaki 1983), antigen (Patel et al 1987),or anti TCR/CD3 Mc Abs
(Imboden 1985). Perturbation of the TCR/CD3 complex results in activation of
PLC, with consequent hydrolysis of PtdIns-4,5-P, and generation of Ins 1,4,5-P,
and DAG. DAG elevation results in the translocation of PKC from the
cytoplasm to the plasma membrane (Farrar et al. 1986), where it catalyses
phosphorylation of membrane protein substrates. The serine phosphorylation
of CD3 gamma chain has been shown to be mediated by PKC (Cantrell et al
1985). The central role of the inositol lipid signalling pathway in T cell
activation is emphasized by experiments in which direct stimulation of PKC by
phorbol esters has been shown to synergise with elevation of Ca** levels by

ionophores in by-passing receptor stimulation in mitotic activation (Truneh et

al 1983).
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1.10 Mechanism of TCR-induced inositol lipid turnover in T

lymphocytes

The precise mechanism by which ligation of the TCR/CD3 complex triggers
inositol lipid turnover has not been elucidated. Early evidence suggested that
stimulation of the TCR activated inositol lipid turnover via coupling to guanine-
nucleotide binding protein (G protein) (Sassaki et al 1987, O,Shea et al 1987).
Cholera toxin inhibited the TCR mediated increase in inositol lipid turnover and
cytoplasmic Ca** (Imboden et al 1986), also suggesting a role for a G protein in
this coupling. However, no direct evidence implicating guanine nucleotide-
binding proteins in T cell signalling pathways has been reported.It has been
shown that tyrosine phosphorylation activated PLC gamma in T cells.
Stimulation of the TCR failed to stimulate inositol lipid turn-over in the
presence of inhibitors of tyrosine kinases (Mustelin et al 1990; June et al 1990).
Transient activation of PLC was observed following activation of CD2, CD5, or
CD28 with specific McAb( Ledbetter et al 1987).However, activation of PLC by
these events depended upon the prior initiation of tyrosine phospﬁorylation. The
CD4 and CD8 molecules are non-covalently associated with P**** and the
association of CD4 or CD8 with the TCR also augments the activity of PLC
(Ledbetter et al 1988). Increased tyrosine phosphorylation of multiple proteins
was detected as early as 5 seconds after stimulation of the TCR, while
stimulation of inositol lipid turnover was seen only after a lag period of 30-40

seconds (June et al 1990). All of these observations place PTK
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activation as a proximal event to inositol lipid turnover, and suggest that the

former may regulate in turn the latter process. *

1.11 The regulation of gene expression during T cell activation

The early biochemical events described above are followed by increased
transcription of the proto-oncogenes c-myc, c-fos,c-myb and the alpha subunit
of the interleukin 2 (IL2) receptor (Linch et al 1987). The precise mechanisms
involved in conveying signals to the nucleus are not fully understood. T cells
normally require both the activation of antigen receptor and protein kinase C
for IL2 gene expression (Rosenstreich et al 1979, Farrar et al 1986). IL2 gene
expression and proliferation of the T cell can be initiated in the absence of
phosphoinositide hydrolysis or increases in intracellular calcium (Susaman et
al 1988; Truneh et al 1985). The induction of c-fos mRNA was seen by 10-15
minutes following mitogenic stimulation, and the elevated level persisted for 2-3
hours with a subsequent decline to the pre-stimulation level (Moore et al,1986).
The protein encoded by the c-fos gene (P59c-fos) dimerizes with the product of
the c-jun gene to form the transcription control factor AP-1 (Bohmann et al
1987). The IL2 gene contains a binding site for AP-1, suggesting that c-fos may
play a role in the activation of the IL2 gene. The induction of ¢-myc mRNA
follows mitogenic stimulation by about 30 minutes, with a maximal level at 2-10

hours with a subsequent decline. Inhibition of the activation of the c-myc
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gene using antisense oligonucleotides results in delayed entry into S phase
(Heikkilla et al 1987). The precise function of c-myc has yet to be delineated but
these observations imply that it too may contribute to entry into S phase during
T cell activation(Kelly et al 1983). In fact, the c-myc-encoded protein also plays
a role in the control of transcription (Studzinski et al 1986). The association of
c-myb transcription with DNA synthesis suggests that expression of this proto-
oncogene is probably also required for entry into S phase.Control of the
transcriptional activation of ¢-jun,c-fos and c-myec is complex, but it is clear that
the activation of PKC and elevation of Ca* can play important roles in their
regulated expression.

In summary, the available data suggest that early biochemical signals
generated following the ligation of cell-surface molecules results in the induced
expression of a set of genes which encode transcription control factors
(Bohmann et al 1987). and that these factors may induce in turn the expression

of other genes involved in cell cycle progression.
1.12 Interleukin 1 (IL1) and T cell activation

At least two signals are required for the activation of the resting T cell. Signal
1 is provided by the activation of TCR/CD3 complex and as.sociated cell-surface
proteins. This primes the T cell to signal 2 which is provided by interleukin
1(IL1) released by antigen presenting cells (Shirakawa et al 1988). IL1 in turn

triggers IL2  synthesis. Interaction of IL2 with its receptor then secures
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commitment of the T cell to S phase entry (Cantrell et al 1984).

1.13 Structure of the IL-2 receptor

The cell surface receptor for IL2 consists of an alpha chain (55kDa) and beta
chain (75kDa) which are not covalently linked (Dukovich et al 1987). The alpha
chain has a low affinity for IL2, which binds and dissociates from it rapidly.
However, this interaction between IL2 and the alpha chain facilitates the
binding of IL2 with the beta chain from which it dissociates more slowly thus
generating a high affinity receptor. The presence of adequate number of high
affinity receptors is essential for the mitogenic action of IL2 (Sharon et al 1986;

Tsudo et al 1986)

1.14 Mechanism of IL-2 signal transduction

The biochemical mechanism of IL-2 signal transduction is incompletely
understood. There is no evidence to implicate inositol lipid breakdown in IL2
signal transduction (Gelfand et al,1987; Wickremasinghe et al 1987). IL2
stimulates generation of cAMP (Wickremasinghe et al 1987) suggesting a
possible role for cAMP-dependent kinases in the transduction of IL2 signals.
The IL2 receptor does not possess protein kinase activity. Nevertheless binding
of IL2 to its receptor results in phosphorylation of proteins on serine and

threonine residues (Mire-Sluis et al 1985, Ishi et al 1987). Recent evidence also
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suggests that binding of IL2 to its receptor also triggers rapid tyrosine

phosphorylation events catalysed by an unidentified PTK(F ung et al 1991)

1.15 The role of other cytokines in T cell activation:

In addition to IL2, number of cytokines play a role in the growth modulation of
the T cell including IL4,IL6, tumour necrosis factor(TNF),and interferon (IFN)
gamma.Interaction of IL4 and IL6 with cognate receptors on activated T cells
augments the proliferative effects of IL2 (Houssiau et al 1988). Gamma
interferon appears to be involved in the mediation of several immunological
activities e.g induction or enhancement of expression of both class I and class
II antigens of the major-histocompatibility-complex. It also appears to be of
central importance in enhancing specific cytotoxic T cell activity (Johnson et al

1982; Torres et al 1982).

In summary, the available data suggest that mitogenic stimulation via ligation
of cell-surface molecules on T lymphocytes may use some of the signal
transduction pathways commonly used by other cell types, e.g; tyrosine
phosphorylation, activation of the inositol lipid pathway, protein kinase C, Ca*™
elevation and the activation of genes including c-fos,c-myc and ¢-myb. However,
the precise mechanisms involved in coupling cell-surface stimulation to early
biochemical events have remained elusive. This is due in part to the complexity

and variety of cell-surface structures involved in mitogenesis, and because the
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PTKs of T cells are not an integral part of the receptors. Some observations
have suggested that anti-oxidants, free-radical scavengers and lipoxygenase
inhibitors interfere with T lymphocyte activation (Chaudhri et al 1986; Sekkat
et al 1988; Novogrodsky et al 1982). I have therefore focused on studying the
actions of these agents on mitogen-stimulated activation of the inositol lipid

signalling pathway of T lymphocytes.
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CHAPTER 2

THE ROLE OF FREE RADICALS AND RADICAL-MEDIATED

PROCESSES IN BIOLOGY.

2.1 Free-radical chemistry

A free radical is defined as a species having one or more unpaired electrons in
an outer orbital and which is capable of independent existence. As electron
pairs are more stable than unpaired electrons, the presence of unpaired
electrons confers a high degree of reactivity on radical species i.e. by readily
accepting electrons from or donating them to other species, thus initiating a
chain reaction of free radical generation . Interaction between two radical

species terminates the chain reactions giving rise to non-radical products.

2.1.1 Oxygen-derived radicals

Molecular oxygen is a biradical which normally undergoes a four electron
reduction to water. However, the presence of intracellular oxygen also allows
the inadvertent production of partially reduced toxic intermediate oxygen
species. Addition of one electron gives superoxide (O.),the dot denoting an
unpaired electron.It is generated either directly during auto-oxidation in

mitochondria, or enzymatically by cytoplasmic enzymes such as xanthine
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oxidase, cytochrome P450, and other oxidases. Once produced,superoxide can
be inactivated either spontaneously or, more rapidly, by the enzyme superoxide

dismutase(SOD), forming H,0,.

2.1.2 Generation of hydroxyl-radicals(OH)

Superoxide possesses a high capacity to reduce transition metals such as iron
and copper, resulting in the formation of more aggressive hydroxy-radicals, as
described in the following reactions.
a. Generated in the reaction of ferrous iron with H,0,, the Fenton reaction:
Fe** + H,0,—® Fe** + OH + OH"
b.Through the Haber-Weiss reaction
H,O0, + 02" ——»0OH +0OH" +0,
These radicals show a high degree of reactivity towards many types of
molecules found in living cells including phospholipids, nucleotides, and amino-
acids (Black et al 1987). Hydroxyl-radicals react with unsaturated fatty acids
of membrane phospholipids to generate organic acid free radicals, which in turn
react quickly with oxygen to form peroxides. Peroxides thus generated then also
act as free radicals, triggering auto-catalytic chain reactions which result in
further membrane damage (Halliwell and Gutteridge. 1985a).
Interactions with DNA induces mutations , which, if not repaired result in DNA

damage and inhibition of DNA replication(Imlay et al 1988).
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2.2 Detoxification of free radicals

Several systems contribute to the termination of free radical reactions. These
include:-

a. Endogenous or exogenous-antioxidants e.g., vitamin E, serum proteins,
‘ceruloplasmin,transferrin, sulfhydryl- containing compounds such as cysteine
and D-pencillamine.

b. Enzymes. Catalases and glutathione-peroxidases play important roles in
controlling the level of superoxides produced during normal metabolism.
Glutathione (GSH) is the main intracellular defence against oxidative stress.It
is a cysteine-containing tripeptide(gamma-glutamyl-cysteinyl-glycine) which
maintains protein sulphydryl redox status. Glutathione detoxifies peroxides
which are reduced to the corresponding hydroxyl compound with concurrent
oxidation of the glutathione co-factor. This is regenerated by the enzyme
glutathione reductase, which utilises NADPH derived the from hexose

monophosphate shunt as a co-factor.

20H + 2 GSH—» 2H,0 + GSSG

Glutathione-s-transferase (GST) detoxifies peroxides as well as such products
as conjugated dienes and epoxides by forming a glutathione-S-conjugate which
is further metabolised and excreted in urine. In this reaction the glutathione co-

factor is irreversibly consumed.
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2.3 Mechanisms of regulated free radical generation in biological

systems

The regulated generation of free radicals play an important role in several

cellular mechanisms. Some of these are summarized below.

2.3.1 The oxidative burst of leucocytes

Activated leucocytes produce large quantities of reactive oxygen metabolites,
including H,0,, O,0H and hypochlorous acid. These reactive oxygen
metabolites are generated by NADPH-dependent oxidases. These oxidases are
comprised of cytochrome (Segal et al 1987), flavoprotein and ubiquinone

(Crawford et al 1982).

2.3.2 The generation of nitric oxide (NO)

Nitric-oxide is synthesized from L-arginine by a number of tissues including
the vascular endothelium(Palmer et al 1988), platelets (Radomski et al 1990),
neutrophils (Salvemini et al 1989), mast-cell (Salvemini et al 1990), nervous
tissue (Bult et a 1990; Garthwaite et al 1988; Collier 1989) and T lymphoid
cells (Kirk et al 1990). Nitric-oxide is generated by the oxidation and cleavage
of the termina} guanido nitrogen-atom of L-arginine (Moncada et al 1989).

Recent evidence suggests that nitric-oxide acts as a chemical messenger
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between and within cells.It is a highly lipophilic compound (Ignarro et al
1987), having a half life of a few seconds. After release, it is rapidly oxidized to
nitrite and nitrates. It acts by stimulating guanylate cyclase, with consequent
elevation of ¢cGMP (Feelisch et al 1987). Within the vascular endothelium,
nitric oxide accounts for the biological activity of the vasodilator endothelium
derived relaxing factor (Palmer et al 1987), and its main action seems to be the
dilatation of blood vesselé (Furchgott et al 1990). In platelets, nitric-oxide act
as a second messenger regulating platelet function (Radomski et al 1990).1t
inhibits platelet aggregation (Furlong et al 1987) and adhesion (Radomski et
.al 1990) with the vessel wall. Nitric-oxide produced by macrophages in response
to cytokine activation is involved in macrophage cytotoxicity (Hibbs et al 1988;

Steuhor et al 1989).

2.3.3. The role of free radicals in the expression of nuclear transcription

control factors NF-kB and AP-1.

The ubiquitous transcription control factor NFkB regulates the expression of a
variety of genes, including those encoding several cytokines (Baeuerle et al
1988). Physiological activation of NFkB occurs following the binding of tumour
necrosis factor or IL1 to their cell-surface reéeptors. In unstimulated cells,
NFkB exists as an inactive complex bound to an inhibitor protein, IkB. Schreck
et al (1991) have shown that the activation of NFkB, which is dependent on its

dissociation from IkB, is mediated by a signalling process dependent on the
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generation of reactive oxygen species. The molecular details involved in this
intriguing mechanism have not been elucidated (Staal et al 1990).

The transcriptional activity mediated by the AP-1 binding factor is also
regulated by redox mechanisms. Oxidation with diamide inhibited the DNA-
binding activity of AP-1. It has been suggested that cysteine residues of the AP-
1 polypeptides are important for DNA binding and that their reduction was
requir.ed for association with DNA (Abate et al 1990)). Recent evidence suggest
that IL2-induced signal involves the activation of nuclear NF-kB expression

(Arima et al 1992).

2.3.4 Ribonucleotide reductase

Ribonucleotide reductase catalyzes the generation of deoxyribonucleotides
required for DNA synthesis This enzyme requires non haem iron as a cofactor
(Hoffbrand et al 1976), and also utilizes a tyrosine-based free radical

intermediate that is essential for its activity (Reichard et al 1983).

2.4 Eicosanoid metabolism

Free radicals are generated as intermediates during the oxidation of arachidonic

acid to prostaglandins and leukotrienes. The generation of these eicosanoids and
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some of their biological roles are considered below.

2.4.1. Generation of arachidonic acid(AA)

Arachidonic-acid is a 20- carbon polyunsaturated fatty-acid

\ containing four double bonds (5,8,11,14-eicosatetraenoic-acid). It is normally
esterified in membrane phospholipids particularly at the Sn2 positions of
phosphatidylcholine and phosphatidylinositol. Various stimuli trigger the
release of arachidonic-acid from these phospholipids via the activation of
phospholipase A2 (PLA2).PLA2 existsin cytosolic (cPLA2) and secreted(sPLA2)
forms. There is substantial evidence that ligand- induced arachidonic acid
release is mediated through ¢cPLA2 (Jelsema et al 1987). The gene encoding
cPLA2 has been cloned. Examination of its sequences shows that it does not
share structural homology with the secreted form (Clark et al 1991). The
secreted form( sPLA,) contains seven disulphide bridges (which are absent in
cPLA2) and would therefore be unlikely to be functional in the reducing
environment of the cytosol (Davidson et al 1990).

Structural analysis of cPLA2 has revealed that it possesses a Ca** dependent
phospholipid binding domain which shares close homology with similar
domains present in PKC,P*®, and GAP. The activities of cPLA2 are Ca"
dependent,and the increase in Ca*™ concentrations in response to ligand
stimulation results in the association of cPLA2 with the plasma membrane

(Channon et al, 1990; Yoshihara et al 1990) where it hydrolyses arachidonic
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acid- containing phospholipids. The activation of PLA2 may be mediated via a
G protein (Burch et al 1986). However, G proteins specifically coupled to PLA2
have not been characterized. Studies using cholera toxin and pertussis toxin
have revealed that multiple G proteins may be linked to PLA2 (Jelsema, 1987,
Burch et al 1987). Arachidonic acid can also be released from DAG and
‘phosphatidic-acid by the action of specific lipases. Arachidonic acid is then
metabolised by one of two major pathways with the formation of either
prostaglandins or leukotrienes (eicosanoids). The pathways of eicosanoid
metabolism are summarised in Fig.1l. The actions of lipoxygenase and
cycloxygenase enzymes respectively initiate the formation of leukotrienes and

prostaglandins.

2.4.2 Lipoxygenases(LO)

Lipoxygenases catalyze the incorporation of one molecule of oxygen into
unsaturated fatty-acids, resulting in the initial generation of
hydroperoxyeicosatetraenoic acids (HPETEs). LO was first isolated from soya
bean (Tappel 1963; Lewis and Austen 1984). A ¢cDNA clone encoding human 5-
LO was isolated from dimethyl sulfoxide differentiated HL60 cells. Substrates
for lipoxygenases are long chain fatty-acids which have at least two double
bonds interrupted by a methylene group. The target oxygenation sites in the
substrate fatty acid molecule depend on the particular LO enzyme. Thus, 5-LO

oxygenates C-5 of arachidonic-acid. Human neutrophil LO introduce oxygen
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Fig. 1 Formation of leukotrienes from arachidonic acid
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atoms at the 15 position(15-LO) or 5 position (5 LO) of arachidonic acid
resulting in the formation of 15-HPETE and 5- HPETE. Platelets contain a 12-
LO which introduces oxygen at the 12 position. The HPETESs are unstable, and
are rapidly converted to the corresponding hydroxyeicosanetraenoic acids
(HETESs). The 5-LO is a cytosolic-enzyme. Following cellular activation, it is
“ translocated from the cytosol to the cell membrane where it binds to a specific
high affinity 18 kDa target protein (Miller et al 1990). This protein the 5-LO
activating protein (FLAP), has been purified and its cDNA cloned (Dixon et al
1990). The presence of FLAP as well as the 5-lipoxygenase is essential for
cellular activation of the latter enzyme. (Dixon et al 1990).

5 HPETE is the precursor of the leukotrienes (LTs), which have a triene
structure (three double bonds separated from each other by single bond). LTA4
is an unstable 5,6-epoxide structure, that is enzymatically hydrolysed to LTB4
or converted to LTC4 by addition of a glutathione residue, LTC4 is then
converted to LTD4 by the removal of a glutamic- acid residue by glutamyl-
transferase (Rokach 1989). The metabolic relationships of HPETEs,HETEsand

the LTs are shown in Fig 1.
2.4.3 Second messenger roles of arachidonic acid
Arachidonic acid can selectively activate the gamma sub-species

of protein kinase C (Shearman et al 1989) and also it mobilizes cytosolic Ca™

independent of any other second messenger (Wolf et al 1986). One possible
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mode of action of arachidonic acid is via inhibition of the GTPase activating
protein(GAP) which negatively regulates the action of the c-ras protooncogene-
encoded protein (Han et al 1991). The GAP protein is known to be inactivated
by an unknown mechanism following mitogenic stimulation of T cells
(Downward et al 1990). Arachidonic-acid and its metabolites can also augment
- other second messenger systems in the cell such as cAMP (Bitonti et al 1980)

and have been implicated in transport of ions and amino-acids (Burgoyne,1987).
2.4.4. Biological functions of LTs

The classical roles of leukotrienes are in the mediation of specific cellular
responses in immunity and inflammation (Samuelsson et al 1983; Rola-
Pleszczynski 1982). In some instances, binding of LTs to cell surface receptors
triggers the generation of the potent second messengers DAG and Ptd Ins 1,4,5-
P, via the breakdown of inositol lipids (Mong et al 1988). Increased production
of eicosanoids has been observed following the stimulation of cells by
PDGF,EGF, phorbol-ester (Hassegawa-Sassaki et al 1985; Parker et al 1989;
Margolis et al 1988; Goerig et al 1988) and GM-CSF (Claesson et al 1989;
Estrove et al 1988).

Recent evidence has suggested that LO metabolites may function as second
messengers in the nervous system (Piomelli et al 1987) and cardiac-muscle (Kim

et al 1989).
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2.4.5. Cyclooxygenases and prostaglandins

Arachidonic acid is also metabolised to prostaglandins via a pathway initiated
by the cyclooxygenase (CO) enzyme. Prostaglandins also function as
intercellular mediators (Samuelsson et al 1983). They have been shown to
exert growth regulatory effects on some cells. PGE is known to elevate cAMP
which has been shown to play a growth regulatory role in different cells
systems.

PGE-stimulated cAMP elevation synergises with insulin in securing the
commitment of 3T3 cells to mitosis (Rozengurt et al 1987). The insulin receptor
also possesses an intrinsic tyrosine kinase activity which is augmented in
response to ligand binding (Hunter et al 1985). Therefore the cAMP dependent
kinase pathway may also synergise with events initiated by tyrosine
phosphorylation to promote mitogenesis in some circumstances.

PGF2 alpha was found to be mitogenic for fibroblasts (Otto et al 1982). PGF2
alpha has also been shown to trigger the generation of Ptd Ins 4,5-P, derived

second messengers (Weiland et al 1987).

2.4.5.1 The action of exogenous PGs and cAMP elevating agents on T-

lymphocyte mitogenesis

PGs play subtle and complex roles in T-cell mitogensis.Mitogenic activation of

T lymphocytes was inhibited by PGE2. PGF2alpha was neither inhibitory nor
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did it reverse the action of PGE2 . PGE2 affects several aspects of T cell
mitogenesis including secretion of IL2 and the expression of transferrin receptor
(Chouaids et al 1985). In T lymphocytes also, PGE2 caused elevation of cAMP.
Dibutyryl cAMP mimicked the action of PGE2, suggesting a role for cAMP
dependent kinases in mediating PGE2 inhibition (Makoul et al 1985).

On the other hand , Mire-Sluis et al (1986) have shown that phosphorylation
of a 42 kDa protein was an early event in T cell mitotic activation. It was
activated indirectly via both the kinase C and kinase A pathways. These results
suggest that kinase A pathway may also contribute to positive aspects of

mitotic-regulation.

2.4.6 Inhibitors of eicosanoid synthesis

Several LO and CO inhibitors with various degrees of specificity have been
synthesized. The properties of some of these antagonists are summarized in
Table 1.

Piriprost is a selective inhibitor of 5-LO which does not inhibit 12-LO, 15- LO
or CO. ETYA is a competitive inhibitor of lipoxygenase as well as cycloxygenase
pathways of arachidonic-acid metabolism. Nordihydroguiaretic acid(INDGA) and
pyralozones including BW755C inhibit the lipoxygenase enzyme and also have
some cycloxygenase inhibitory effects. Most of these compounds have free
radicals scavenging and antioxidant properties i.e they have the capability to

inactivate 5-LO presumably by reducing the iron at the active site (Salari et al



TABLE I

Published IC50 values for the inhibition of arachidonic acid-
metabolizing enzymes.

5-LO 12-1.O 15-L.O (€0)
NDGA 0.5 5 30 5
BW755C 10 50 100 10
Piriprost 2 >100 - >200 >100
Indomethacin 50 80 >100 <0.1
BWA 4C 0.1 nd nd 16.6
MK886 <0.01 nd nd nd

Data as published by Salari et al 1984 except piriprost (Sun et al
1983), BWA4C (Tateson et al 1988) and MK886 (Glllard et al

1989) " All values are p M"
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1984).

BWA 4C, a hydroxycinnamic acid, is an antioxidant which inhibits 5-LO directly
(Tateson et al 1988). MK886 does not inhibit the 5-LO enzyme itself, but
interferes with its interaction with the 5-LO activating protein (Gillard et al

1989), which is essential for the activation of the enzyme in intact cells. Both

" these compounds inhibited 5-LO of intact cells with IC;, values in the

nanomolar range.

2.5 The role of eicosanoids in the regulation of cell proliferation

2.5.1 Non-haemopoietic cells

LTs have been shown to modulate the growth of several types of

normal cells.Leukotrienes addition resulted in increases DNA synthesis in a
number of tissues including epidermal keratinocytes (Kragbulle et al 1985)
skin fibroblasts (Baud et al 1987) and glomerular epithelial cells (Baud et al
1985). Mouse skin tumour promotion was inhibited by inhibitors of arachidonic

acid metabolism (Fischer et al 1982).
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2.5.2 Normal haemopoietic cells

Myeloid colony formation by normal human bone marrow cells in vitro was
inhibited by LO antagonists including NDGA, piriprost and caffeic acid
(Pasquale et al 1991).Inhibition of myeloid colony formation by 5-LO
| antagonists was reversed by the addition of leukotrienes C4 and D4 ( Miller et
al 1986), suggesting that exogenous LT generation by normal bone marrow cells
plays a role in signalling the proliferation of colony-forming cells. Inhibition of
myeloid colony formation by LO inhibitors may, however, be dependent at least
in part on accessory cells; tumour necrosis factor or interleukin-1 stimulated
generation of GM-CSF by two stromal cell lines is abrogated by the LO
inhibitors NDGA and caffeic acid, and LTB4 apparently synergizes with

interleukin-1 in inducing GM-CSF (Rizzo et al 1991).

2.5.3 Leukaemia cell lines

DNA synthesis in a variety of leukaemic cell lines was inhibited by inhibitors
of 5-LO but not of cyclooxygenase (Snyder et al 1989; Ondrey et al 1989;
Tsukada et al 1986), suggesting that the endogenous generation of leukotrienes

may play some role in the proliferation of these cells.
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2.5.4. The role of eicosanoids in T lymphocyte proliferation

The formation of eicosanoids by lymphoid- tissue is a controversial subject.
Some authors believe that T lymphocytes are unable to produce leukotrienes
(Poubelle et al 1987). On the other hand Farrar and Humes (1985) have
demonstrated the apparent formation of both 5 and 15 HETE in murine T cells
lines. Recently, it was shown that T cells contain no FLAP. The occurrence of
FLAP has been investigated in a variety of cells and a positive relationship
have been found between the expression of FLAP and the ability of cells to
produce LTs. The absence of FLAP in T-lymphocytes suggest that they are
unable to synthesize LT (Reid et al, 1990). LO antagonists inhibited the
proliferation of lymphocytes. Inhibition of LO abrogated lectin- induced
lymphocyte proliferation (Gualde et al 1985). The specific mechanism of these
actions has not been elucidated.It has also been suggested that 5-LO
metabolites play a mediator role in the signal transduction process triggered by
IL1 and IL2 (Dinarello et al 1983; Farrar and Humes 1985). However, recently
it has been shown that there is little evidence to suggest the involvement of LO

metabolites in these immunoregulatory signalling mechanisms (Liu et al 1989).
2.5.5 Role of free radicals

The role of free radicals in the activation of T lymphocytes is incompletely

understood. Various studies have indicated that free radicals are involved in
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triggering T cell activation. Novogrodsky et al (1982) reported that free radical
scavengers, dimethyl-sulfoxide,benzoate,thiourea and mannitol inhibited
lymphocyte mitogenesis induced by phorbol ester. Expression of interleukin-2
receptor on stimulated T cells was found to be inhibited by butylated
hydroxyanisole (BHA) which blocks lipid peroxidation and by the non-permeant
“electron acceptor ferricyanide which blocks the reduction of oxygen to
superoxide. These agents also inhibited proliferation of T cells in a dose
dependent manner (Chaudhri et al 1986). Irradiation(20 Gy) increased oxidative
product formation from membrane phospholipids (Greenstock 1981) and also
enhanced IL2 synthesis by T cells suggesting the involvement of oxidative
processes in T cell activation. Enhanced IL2 synthesis observed in response to
20 Gy irradiation in T cells was inhibited by the hydroxy radical scavenger
dimethyl sulphoxide (DMSO) and by the anti-oxidant nordihydroguaretic-acid
(NDGA) (Sekkat et al 1988).
The cellular source of free radical generation which may play a role in T cell
signal transduction pathways is obscure. PHA and phorbol ester treatment of
T cells and Jurkat malignant T line lead to oxidative product formation as
evaluated by flow cytoflurometric-studies (Sekkat et al 1988). In T cells, a
possible role of cGMP in mediating the mitogenic-signals has been postulated
(Hadden et al 1987), and in turn activities of cGMP are believed to be regulated
by oxidative-reductive mechanisms. PHA and phorbol ester treatment of T cells

has been reported to increase cGMP (Coffey et al 1981; Sekkat et al 1988). All
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these observations tentatively suggest that free radical generation play some
role in T cell signalling pathways.

I have therefore focused on studying the actions of antioxidants on ligands-
stimulated activation of the inositol lipid signalling pathway of T lymphocytes
and Jurkat cells, in order to elucidate the involvement and the mechanisms of
" action of putative free radical species in normal human T lymphocytes and their

malignant counterpart, the Jurkat T lymphoblastic leukaemia cell line.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Preparation of T lymphocytes

3.1.1 Isolation of peripheral blood mononuclear cells

Lymphocytes and monocytes were separated from granulocytes and erythrocytes
by buoyant density centrifugation over a layer of Ficoll-hypaque (Lymphoprep,
Nycomed, UK). Buffy coats from normal peripheral blood (about 20-25ml each),
obtained from The Regional Blood Transfusion Centre, Edgware, were diluted
with 30 ml Hanks balanced salts solution (HBSS, Life Technologies, UK) and
layered over 25 ml Ficoll-hypaque (Nycomed, U.K) in a sterile 50 ml Falcon
centrifuge tube.The tubes were centrifuged for 25 min at 800 x g at room
temperature.The layer of mononuclear cells was aseptically removed from the
interface.The cells were washed twice in HBSS and resuspended in RPMI 1640

medium supplemented with 10% fetal calf serum (Life Technologies, UK).

3.1.2 Preparation of sheep erythrocytes

Sheep erythrocytes in Alsevers medium (Tissue Culture Services , Claydan),

were washed three times in HBSS. The washed erythrocytes (0.5 ml packed
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cells) were incubated with 0.2 ml neuraminidase (1 unit ml? , Sigma) in 5 ml
HBSS at 37° C for 30 min. The cells were washed three times in HBSS and

resuspended at 5%(v/v) in RPMI 1640 medium.

3.1.3 Rosetting procedure

Materials

3.1.3.1.Ammonium chloride (NH,Cl) lysis solution.

Stock solution x 10.

Ammonium chloride 8.290g.

Potassium hydrogen carbonate (KHCO,) 1.0g.

Ethylenediamintetra-acetic acid disodium salt (EDTA) 0.02g.

Reagents were dissolved individually in a total volume of 100 ml distilled water

pH 7.4, stored at 4° C. Before use diluted in 1:10 in distilled water.

3.1.3.2 Procedure

T lymphocytes were enriched by rosetting with neuraminidase-treated sheep
erythrocytes (Minowada et al 1972).

One ml of the 5% sheep erythrocyte suspension (section 3.1.2) was added to
5 ml of mononuclear cell suspension (1x 106 ml? and the mixture
incubated at 37° C for 15 min. The tube was centrifuged at 140 x g for 5 min at

room temperature and then placed on ice for 60 min. The suspension was gently



57

mixed and layered on a Ficoll-hypaque gradient.The tubes were centrifuged at
800xg for 25 min at room temperature. T lymphocyte-erythrocyte rosettes were
removed from the bottom of the tubes. Erythrocytes were lysed by suspension
in a hypotonic solution (Section 3.1.3.1) at 4° C. HBSS (15 ml) was added as
soon as lysis was observed, to restore tonicity.

T lymphocytes were recovered by centrifugation for 3 min at 800x g and washed
twice in HBSS. The purified cells were cultured in RPMI 1640 medium
containing 10% fetal calf serum,100 pg ml’ penicillin and 100 pg ml?

streptomycin.

3.1.4 Assessment of purity of T lymphocytes by immunophenotyping

Reactivity with CD3, CD19 ,CD33 McAbs was determined using the alkaline
phosphatase anti alkaline phosphatase (APAAP) immunocytochemistry
technique to assess purity of T lymphocytes.I am grateful to Faith Wright for
carrying out these determinations.Cells prepared as described above were >96%
CD3* (T lymphocytes) and contained <2% CD19 positive cells (B lymphocytes)

and <2% CD33 positive cells (granulocytes and monocytes).

3.2 Preparation of leucocytes

Leucocytes were prepared by the Dextran sedimentation technique described

by Baron and Ahmed (1969). Venous blood (10 -20 ml) was collected in
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heparinised tubes (2 iu ml! final concentration). An equal amount of buffer
(Solution I, pH 7.4), pre-warmed in a water bath at 37 C, was added. Dextran
from Sigma,U K. (Solution III, pH to 7.4) was warmed and added to the diluted
blood in a ratio of 1:4. The mixture was shaken very gently and air bubbles(f
any) at the top of the column were removed. The mixture was left to stand for
15 min. The :  blood cells sedimented to the bottom of the tube and the
resulting leucocyte-rich supernatant was removed into sterile tubes and
centrifuged for 4 minutes at 250 x g and the supernatant discarded. The pellet
contained the leucocytes. Contaminating red blood cells were 1ysed hypotonically
by the addition of 3 ml distilled water followed by whirlimixing for 8-10 seconds.
One ml Solution II was rapidly added and mixed to restore isotonicity. The
mixture was centrifuged at 250 x g for 3 min. The layer of haemoglobin and red
cell ghosts was gently removed using a Pasteur pipette along the side of the
conical tube without disrupting the tightly packed leucocytes. The pellet
containing a mixed population of leucocytes was resuspended in RPMI 1640

medium.

3.3 Preparation of platelets

Venous blood (10-20 ml) was collected in heparinised tubes( 2 iu ml? final
concentration), transferred to 20 ml universal tubes and centrifuged
immediately at 250 x g at room temperature for 30 min to sediment the red

cells. The platelet-rich plasma was removed and centrifuged at 1400 x g at room
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temperature for 5 min to sediment the platelets (Murphy et al 1970),

3.4 Preparation of mononuclear cells from blood or bone marrow of

leukaemia patients

- Bone marrow from leukaemia patients was first diluted 50:50 with HBSS.

Diluted bone marrow or blood was layered over 10 ml of

Ficoll-hypaque in a 20 ml universal tubes. The tubes were centrifuged for 25
min at 800 x g,at room temperature.

The layer of mononuclear cells was removed from the interface,

washed twice in HBSS and resuspended in RPMI 1640 medium.

3.5 Culture of leukaemia cell lines

All tissue culture materials were from Life Technologies, UK.

Cell lines were maintained in RPMI 1640 medium supplemented with 100 pg
ml! penicillin , 100 pug ml! streptomycin and 10% fetal calf serum.The
following cell lines were used in this study: HL60 (acute promyelocytic
leukaemia), K562 (Philadelphia-positive chronic granulocytic leukaemia in blast
crisis), Jurkat (T-acute lymphoblastic leukaemia) and Daudi (Burkitt
Lymphoma).

The cells were grown at 37°C in an 8% CO, atmosphere.
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3.6 Determination of viability

Viable cell counts were determined by trypan blue-exclusion.

3.6 Drugs

NDGA, staurosporine and indomethacin were purchased from the Sigma
Chemical Company, UK. BW755C and BW A4C were gifts from Dr. Lawrence
Garland, Wellcome Research Laboratories, UK. Piriprost was donated by
Upjohn, Kalamazoo, USA and MK 886 by Professor A.W. Ford-Hutchinson,
Merck-Frosst, Canada. D609 was a gift from Merz and Co, Germany.

All inhibitors were freshly dissolved in ethanol and were added

to cultures at suitable dilutions. The final ethanol concentration did not exceed
0.1%. Control incubations including 0.1% ethanol were therefore included in all

studies.

3.7 The release of *H) arachidonic acid-labelled metabolites.

3.7.1 Materials

(®*H)arachidonic acid 222 Ci mmol* was from(Amersham International, UK)
Thin layer chromatography (TLC) was carried out using Kiselgel 60 pre-coated

plastic-backed plates from Merck, Darmstadt, Germany.
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3.7.2 Labelling of cells and cell lines with [*H] AA.

Cells( 10°. ml') were labelled with 0.1nCi. ml" [5,6,8,9,11,12,14,15 3H] AA
overnight. Cells were then transferred into universal tubes and centrifuged at
700 x g for 3 min.The supernatant was removed and the pellet was washed
" twice with HBSS. Cells were resuspended in RPMI medium supplemented with
10% fetal calf serum and incubated at 37° C for two hours. At the end of this
chase period, cells were washed twice in HBSS and resuspended in serum free
RPMI 1640 medium at 5x 10°. ml'.Mitogens(PHA or anti CD3 monoclonal

antibody) were then added to cell cultures.

3.7.4 TLC procedures

Following 30 min incubation with mitogen, incubations were terminated by the
addition of 2.5 vol ethyl acetate to 1 vol of culture. After vigorous vortexing, the
tubes were placed at -70° C for 10 min. The ethyl acetate phase was separated
from the frozen aqueous phase. The samples were dried in vacuo and dissolved
in 50 pl ethyl acetate.Three pl unlabelled AA (10mg. ml” in CHCI3 and 0.1%
BHT) were added and samples streaked on TLC plates. The plates were
developed in hexane:diethyl ether:acetic acid (25:25:1) (Hurst et al 1987). This
solvent system resolves arachidonic acid from HPETES and HETES.[’H]12-
HETE was prepared by incubating sonicated platelets with [°*H] arachidonic

acid (Barradas et al 1989). This compound together with unlabelled arachidonic
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acid, were used as chromatographic markers.

3.7.5 Detection of substances separated by TLC

The following procedures were used for the location of AA and its metabolites
on TLC plates:

a. Auto-radiography:

Plates were sprayed with Amplify (Amersham, UK) and exposed to X-ray film
at -70° C for 48 hours.

b. Iodine-Staining

Lipids were identified by exposure to iodine vapours.

c¢. Scintillation Counting

Plates were cut into 1-3 cm segments and counted following addition of 10 ml

299 Liquid Scintillator.

3.8 Detection of eicosanoid generation by radioimmunoassay

T lymphocytes were suspended in RPMI-1640 at 2x10° ml™ or whole blood were
aliquotted into 1.5 ml Eppendorf tubes and drugs were added as appropriate.
Following 20 min incubation at 37° C PHA/ionophore were added and
incubation continued for 30 min.At the end of the incubation period cells were
removed by centrifugation at 1500xg for 5 min. The supernatant were stored at-

70° C. Radioimmunoassay for LTB4 was carried out as described (Tateson et al
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1988). I am grateful to J.Tateson for performing radioimmunoassays for the

estimation of the LTB4 and HETE.

3.9 Detection of lipid peroxides

- T lymphocytes were stimulated with mitogens and lipids peroxides were
determined by measuring reactivity with thiobarbituric acid as described
(Hallinan et al 1991). I am grateful to Dr. T. Hallinan for carrying out these

assays.

3.10 The metabolism of [3H] inositol pre-labelled compounds

3.10.1 Materials

myo- [2-°HJinositol (19 Ci mmol? ) was from Amersham International UK.
Preparation of Dowex-1(formate) resin

Fifty grams Dowex x A1-X8 resin (BDH,UK) were washed with 1 N

NaOH. The resin was then washed with 11 N formic acid, and rinsed repeatedly

with distilled water until the p™ approached that of the water.

3.10.2 Labelling of cells and cell lines with [*H] inositol

Inositol-free RPMI-1640 (GIBCO) and dialysed fetal calf serum were used in

inositol labelling experiments. The cells were grown at 37° C in a 5% CO2
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atmosphere.
Myo-[2-*H] inositol (20 Ci/mmol, Amersham) at 5 2nCi/ml was added to cell
cultures seeded at a density of 2x10° cells.ml. Cells were labelled for 24 h

(Mire-Sluis et al 1989).

~ 8.10.3 Stimulation of prelabelled cells

At the end of the 24 h labelling period, cells were washed three

times in HBSS and resuspended in RPMI 1640 medium at 8x10°*"*ml!. M
LiCl was then added to give a final concentration of 10mM and the tubes
equilibrated at 37°C for 20 min. LiCl is an inhibitor of IP1 phosphatase.The
presence of this compound therefore facilitates the detection of inositol
phosphates generated by ligand-stimulated inositol lipid breakdown (Berridge
et al 1983) . Cells were then aliquotted into 1.5 ml Eppendorf tubes and drugs
were added as appropriate. Following a 20 min incubation at 37° C cells were
challenged with 2ul (Img ml' PHA).In some experiments, 2ul 1/10 dilution of
an antiCD3 monoclonal antibody was added as the activating agent. These
concentrations of ligands gave optimal stimulation of inositol phosphates.
Following incubation for 30 min, the cells were recovered by centrifugation at
1200xg for 20sec and supernatant discarded. One ml of 10% trichloroacetic acid
(TCA) was added to each pellet, vortexed and incubated on ice for 30 min. The
tubes were centrifuged again, and the acid-soluble supernatants processed for

the determination of inositol phosphates. In some experiments, the acid-
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insoluble material was dissolved in CHCI3:CH3OH:HCl (20:40:1), and the
radiolabel in [°H] inositol lipids determined by scintillation counting in order to

ensure that equal numbers of cells were present in each aliquot.

3.10.4 Dowex column analysis of water-soluble [3H] inositol-labelled metabolites

Supernatants retained from TCA washes were extracted three times with 4 ml
of diethyl ether to remove TCA and neutralized with 6-8 nl 3M Tris-HCI buffer,
PH 8.8as described (Porfiri et al 1989) . Aliquots were applied to columns
containing 1 ml Dowex A1l-X8(formate-form Section 3.10.1) as described
(Berridge et al 1983) . [*H] inositol was eluted with 10 ml water.?H]
glycerophosphoinositol was eluted with 10 ml 5mM sodium tetraborate, 60mM
sodium formate and [°H] inositol phosphates with six successive 1 ml aliquots

of 0.2M formic acid, 2 M ammonium formate.

3.10.5 Counting of fractions

Aliquots (1 ml) of each eluate were added to 10 ml scintillation fluid and

counted for ®H radiolabel.

3.10.6.Statistics

Data were analysed by paired t testing.
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3.11. Assay for PtdIns-4,5-P, phospholipase C

Ptd Ins-4,5-P, phospholipase C was assayed by measurement of water soluble
radiolabelled compounds from phosphotidyl[2-°’H Ins 4,5-P2) as described

(Porfiri et al 1991).

3.11.1 Materials

Unlabelled PtdIns 4,5-P, was from Sigma. Ptd[*H]Ins 4,5-P, was from

Amersham International, U.K.

3.11.2 Cell fractionation

Lymphocytes or Jurkat cells were harvested by centrifugation and washed twice
with ice cold HBSS. The cell pellet was then resuspended at 107 cells ml in ice
cold lysis buffer (5mM Tris pH 6.8, 1ImM EGTA, 10mM benzamidine, 1 pg. ml*
leupeptin, 500 pm phenylmethyl sulphonyl fluoride).

After 30 min on ice cells were disrupted by passing them couple of times
through a 21 gauge syringe needle, followed by the addition of sucrose to 0.25
M. Nuclei and remaining intact cells were removed by centrifugation at 700 x
g for 15 min. The resulting post-nuclear fractions were stored in aliquots at -20°
C. Protein concentrations were determined by a standard procedure (Schleif and

Wensink 1981).
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3.11.3.Substrate preparation

Two hundred and fifty pmol of unlabelled Ptd Ins 4,5-P, in CHCI3: methanol
were mixed with 1.5 nCi Ptd[°*H] Ins 4,5-P, (1nCi/100 pl) and dried under N2.
The lipids were resuspended in 0.2% sodium cholate, 20 mM Tris-HCI pH 6.8.
and the mixture was sonicated on ice (2x10 sec bursts at 18 uym peak to peak).

The final specific activity was 2.5-3 counts.min’.pmol™.

3.11.4.Assay procedure

The assay contained in a final volume of 50ul: 20 mM Tris HCI, pH 6.8, 250 tM
Pt[®*H]Ins4,5-P,, CaC12-EGTA buffer, 5 png proteins. Tubes were incubated at 37°
C for 20 min. Reactions were stopped by the addition of 150 ul
chloroform:methanol: ¢ HC1(20:40:1 vol/vol). Phases were split by the addition
of 100 ul each of CHCI3 and H20. Tubes were centrifuged at 13000 rev/min

in Beckman microfuge. One hundred and fifty ul aliquots of the upper aqueous
phase were added to 5 ml scintillation fluid and radioactivity determined in a

scintillation counter.

3.12 Assay of [°’H] thymidine incorporation

DNA synthesis was assayed by ["H]thymidine incorporation(Taheri et al 1981)

in RPMI 1640 medium without serum supplementation.
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[methyl *H] thymidine 49 Ci/mmol was from Amersham International , UK.
[PHlthymidine incorporation was estimated by incubating 2x105 cells(in
triplicate) in 200 ul RPMI 1640 medium(without fetal calf serum and in the
presence or absence of drug/ligand being tested) in the presence of 0.2pCi of
[*H]lthymidine. Following 4h incubation period at 37°C, labelling was terminated

by adding 50 p: +N NaOH, Img ml' DNA into each aliquot.
Precipitation, hydrolysis and counting

Incorporation of (3H) thymidine into DNA was estimated following precipitation
with 0. 5M perchloric acid.

Tubes were heated at 80° C in a water-bath to hydrolyse DNA.

The contents were transferred into 10 ml scintillation fluid and radioactivity

determined in a scintillation counter.
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CHAPTER 4

THE ACTIONS OF ANTIOXIDANTS,LIPOXYGENASE INHIBITORS AND
OTHER COMPOUNDS ON LIGAND STIMULATED INOSITOL LIPID

BREAKDOWN IN T LYMPHOID CELLS.

A number of well-known ("classical") inhibitors of lipoxygenase impaired
phytohaemagglutinin (PHA) stimulated breakdown of inositol lipids in human
T lymphocytes. Piriprost, NDGA, and BW755C, inhibitors of the 5-LO enzyme,
inhibited PHA stimulated inositol phosphate generation in a dose dependent
manner, whereas the cyclooxygenase inhibitor indomethacin did not (Mire-Sluis
et al 1989). These observations tentatively suggest that the generation of
arachidonic acid and its LO metabolites may be involved in the activation and
proliferation of T lymphocytes.However, the ability of T lymphocytes to generate
LO product(s) is a controversial issue. Poubelle et al (1987) failed to detect
leukotriene generation by T lymphocytes, whereas some other authors have
demonstrated the apparent formation of 5-HETE in murine T cells line (Farrar
and Humes 1985). I have therefore studied the generation of arachidonic acid
and LO product(s) by T lymphocytes to establish whether or not these
metabolites may play a role in T lymphocytes signalling pathways.

I have further investigated the mechanism(s) by which these lipoxygenase
inhibitors impair PHA and CD3 McAb stimulated inositol lipid turnover in T

lymphocytes using novel, highly specific 5-LO inhibitors. Classical inhibitors of



70

5-LO are also able to inactivate free radicals. Since free radicals have
been shown to play an important role in early stages of T-cell proliferation
(Chaudhri et al,1986), I investigated the possible involvement of these species
in the activation of inositol lipid breakdown in T lymphoid cells using the
following classes of agents that prevent the formation or effects of oxygen
* radicals: lipid soluble general antioxidants including butylated hydroxytoluene
(BHT) and butylated hydroxyanisole (BHA); sulfhydryl reagents: N-
acetylcysteine and dithithreitol (DTT); PLA2 inhibitors; the non-permeant
electron acceptor ferricyanide; and the iron chelator desferrioxamine(DFO).
For these studies, I have used highly purified T-lymphocytes as a model system.
OKT3 a specific T cell mitogen, was used as an activating ligand in addition to

PHA.

Results.

4.2 Effects of lipoxygenase inhibitors on stimulation of
inositol lipid breakdown by the T lymphocytes mitogens PHA-P and
OKT3.

PHA-P and OKT3 were used as the activating ligands. These concentrations ot
ligands gave optimal stimulation of inositol phosphate generation (Fig.1,2).
BW755C,a dual inhibitor of both lipoxygenase and cycloxygenase, abrogated
OKTS3 stimulated breakdown of inositol lipids (Fig.3)

Piriprost and NDGA, two inhibitors of lipoxygenase also inhibited PHA-P-

stimulated breakdown of inositol lipids (Fig.4,5).
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In order to eliminate the possibility that the inhibitors may directly affect Ptd
Ins 4,5- P,-PLC activity, I studied their actions on this énzyme in an in vitro
assay.NDGA and BW755C inhibited Ptd Ins 4,5-P,-PLC activity while piriprost
did not (Table 1).

These results tentatively suggested that the generation of arachidonic acid and
its LO product(s) may be involved in coupling cell-surface receptérs of T

‘lymphocytes to its inositol lipid signalling pathway.

4.2.1 MK886 and BWA4C does not abrogate the stimulation of

inositol lipid breakdown by T lymphocyte mitogens PHA-P and OKT3.

MK886 did not impair the stimulation of inositol lipid breakdown by the T
lymphocyte mitogens PHA-P (Fig.6A,6B) or OKT3(Fig.6C). BWA4C(100nM)
also failed to inhibit the stimulation of Ptd Ins breakdown by either PHA-P
(Fig.7A,7B) or OKT3 (Fig.7C).

I have verified that in my hands both of these inhibitors,
MKS886 and BW A4C inhibited leukotriene generation at the concentration
(100nM) used in the above experiments.Eighty percent inhibition of calcium
ionophore-stimulated LTB4 generation was obtained using MK886, and >98%
inhibition using BW A4C. The above data suggested that 5- LO product(s) do
not play a role in coupling cell-surface receptors to the inositol lipid sig‘nélling
pathway in T lymphocytes. In order to reinforce this conclusion I have

attempted to detect lipoxygenase metabolites of arachidonic acid following
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stimulation of lymphocytes pre-labelled with [°H] arachidonate.

4.3 Assays for oxidative metabolites of , arachidon‘{c acid in T

lymphocytes.

‘Both TLC and radioimmunoassay were used to detect the generation of
arachidonic and its metabolites. As a positive control I initially used TLC
technique to study generation of LTs by platelets (Carey et al 1982) and white
blood cells (Wright et al 1979) which are known to produce these metabolites.
Radiolabelling by the procedure described in Materials and Methods (Section
3.7) resulted in the incorporation of approximately 12,500 counts. min™ into the
cellular phosphélipids of 10° cells. Chromatographic analysis showed that 280
419 counts. min'(duplicate mean and range) co-migrated with arachidonic acid.
Following 30 min stimulation with PHA-P or OKT3 antibody, the radiolabel co-
migrating with arachidonic acid increased to 677(+67) counts.min’'. There was
no significant increase in radiolabel in the HETE/HPETE peaks following
mitogenic stimulation. Therefore, these data are consistent with the previous
data suggesting that leukotrienes are not involved in the initial stages of T
lymphocytes activation.

A sensitive radioimmunoassay was also carried out in an attempt to detect the
generation of lipoxygenase products following mitogen stimulation (Table II).
PHA stimulation of T lymphocytes did not result in the detectable generation

of immunoreactive LTB4. By contrast, a small increase in secreted LT was
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detected when the cells were challenged with the calcium inophore A23187.
This was probably accounted for by the action of this non-specific activator on
residual myeloid cells in the T cell preparation. In a control experiment, LTB4
generation was readily detected when human whole blood was stimulated with
the ionophore. We also failed to detect the generation of 15-HETE following
*PHA and ionophore stimulation of T cells(Table 2). Therefore, the
radioimmunoassay data taken together with the chromatographic analysis of
[®*H] arachidonic acid metabolites suggests that the stimulation of T
lymphocytes with levels of PHA or OKT3 that were optimal for triggering the
inositol lipid pathway did not result in the generation of 5-,12- or 15-
lipoxygenase products of arachidonic acid.

Since arachidonic acid generation was detected in response to mitogen
treatment, I therefore tested the effects of PLA2 inhibitors on PHA stimulated
generation of inositol phosphates, in an attempt to determine whether
arachidonic acid generation per se may play a role in coupling mitogen

receptors to the inositol lipid signalling system.

4.4 The PLA2 inhibitor bromophenacyl bromide (l:BAB'.) inhibited

stimulation of inositol lipid breakdown by T lymphocyte mitogen PHA.

BAB | hibits PLA2 activity and it is also capable of inhibiting oxidases
(Maridonneau-Parini et al 1986, Bromberg and Pick 1983). IC,, value for the

inhibition of superoxide generation is similiar to that of PLA2 inhibition
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(Henderson et al 1989).BAB inhibited PHA-P stimulated generation of Inositol
phosphatase (Fig.13A, 13C).
The response to the drug is clearly dose-dependent (Fig. 13B).
Impairment of mitogen simulated inositol lipid breakdown by BPB could be due

to either inhibition of arachidonate release and/ antioxidant action.

4.4.1 Two novel PLA2 inhibitors- Ro 31-4493 and Ro 31-4693 inhibited PHA-P

stimulated inositol lipid breakdown in T lymphocytes (Fig.14,15).

Both of these compounds in addition to inhibiting PLA2 activity, abrogate O~
generation (Davis et al 1988, Henderson et al 1989) and also inhibited Ptd Ins
4,5-P2-PL.C (Table I). Therefore, no conclusion regarding the role of arachidonic
acid generation in coupling to the inositol lipid signalling pathway could be

drawn on the basis of the experiments using these reagents.

4.5 Antioxidants impaired the coupling of mitogen receptors to the

inositol lipid signalling system in T lymphocytes.

The 5-LO inhibitors NDGA, BW755C and piriprost and the PLA2 inhibitor
BPB also posses antioxidant and free radical-scavenging properties. I therefore
investigated the possible involvement of antioxidant sensitive processes in the
activation of the inositol lipid signalling pathway in T lymphoid cells. Lipid

soluble general antioxidants, sulfhydryl compounds and non-permeant electron
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acceptors were used in these studies.
4.5.1 Action of lipid-soluble general antioxidants on T lymphocytes.

The lipid-soluble antioxidants butylated hydroxytoluene (BHT) and butylated
\hydroxyanisole (BHA) inhibited PHA-stimulated generation of inositol
phosphates. BHT(10uM) abrogated PHA-P- (Fig.8A,8B) and OKT3- (Fig.8D)
stimulated- inositol lipid breakdown in T lymphocytes. The response was clearly
dose-dependent (Fig 8C). The effects of the antioxidant on inositol-lipid
breakdown were not attributable to irreversible damage to cellular structures,
as the effect of 10 uM BHT was reversed by washing and resuspension of cells
(Fig. 8E)

BHA (100nM) also inhibited PHA-P stimulated inositol lipid breakdown in T
lymphocytes (Fig.9A,9B). BHA was a less potent inhibitor, and an
approximately 100uM concentration of this compound was required for half-
maximal inhibition. Therefore, the ability of these compounds to inhibit early
events in T lymphocytes signal transduction correlated with their potency as

antioxidants (Halliwell and Gutteridge 1989).
4.5.2.Action of sulfhydryl reagents on T lymphocytes.

Thiol-containing compounds have been used in studies designed to investigate

the possible role of oxidative metabolites in signal transduction pathways
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activated following ligand binding to cell surface receptors (Staal et al 1990).
N-acety‘l-cysteine (20mM) impaired PHA-P stimulated inositol lipid breakdown
in T lymphocytes (Fig.10A,10C). The response was clearly dose
dependent(Fig.10B).
Dithiothreitol DTT (5mM) also inhibited PHA-P stimulated Inositol lipid

‘breakdown (Fig.11A,11B).

4.5.3 The non-permeant electron acceptor ferricyanide abrogated stimulation of
inositol lipid breakdown by the T lymphocyte mitogen PHA-P.

Ferricyanide blocks the reduction of oxygen to superoxide (Chaudhri et al 1986),
inhibited PHA-P stimulated inositol lipid breakdown in T lymphocytes

(Fig.12A,12B).

4.5.4 Antioxidants did not inhibit PtdIns 4,5-P,-PLC

The data here suggested that different classes of antioxidants abrogated the
mitogen stimulated generation of inositol phosphates in T lymphoid cells.In
order to eliminate the possibility that these antioxidants may directly affect Ptd
Ins 4,5-P,-PLC activity, I studied their action on this enzyme in an in vitro
assay. None of these antioxidants perturbed the activity of this enzyme (Table
I) suggesting that the target for these compounds is an antioxidant-sensitive
regulatory step in the coupling mechanism of T lymphocytes. I have attempted

to characterize the putative oxidative metabolite involved in signal



77
transduction.I was unable to detect, in three separate experiments, the
generation of thiobarbituric acid reactive lipid peroxides using the procedures
as described by Hallinan et al (1990). The generation of the free radical nitric
oxide is involved in inter- and intra-cellular signalling mechanisms (Murad et
al 1990). I therefore carried out experiments to study the role of this reactive

‘compound in T lymphocyte signalling pathway.

4.6 An Inhibitor of NO Biosynthesis does not impair inositol lipid

signalling in T lymphocytes.

Some authors have reported the production of NO like substances by T-
lymphoid cell lines (Kirk et al 1990). I therefore investigated the possible
involvement of this agent in the stimulation of the inositol lipid signalling
pathway in T cells.Since it was possible that antioxidants may inactivate NO,
I studied the action of N-monomethyl-L-arginine (L-NMMA), an inhibitor of NO
biosynthesis (Gukovskaya et al 1989) , on the activation of the inositol lipid
signalling systerp in T lymphocytes.
did not

L-NMMA (200uM)jimpair ~PHA-P stimulated inositol lipid breakdown in T
lymphocytes (Fig.18). The addition of arginine the precursor of NO also did not
perturb this growth signalling pathway.These results suggest that NO

production does not play a role in coupling mitogen receptors to the inositol

lipid signalling system in T lymphocytes.
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4.7 DFO does not impair PHA-P stimulated Inositol lipid breakdown

in T lymphocytes.

DFO is an effective iron chelator which also inhibits proliferation of T
lymphocytes (Chaudhri et al 1986).1 therefore attempted to show whether this
‘compound also perturbed inositol lipid signalling in T lymphocytes. DFO did not

affect ligand-stimulated inositol phosphates generation (Fig.16A,16B).

4.8 Staurosporine inhibited PHA-P stimulated inositol lipid breakdown

in T lymphocytes (Fig.20A, 20C).

I studied the actions of the protein kinase inhibitor staurosporine on PHA
stimulated generation of inositol phosphates. This compound abrogated inositol
lipid breakdown even when used at 100nM,and 500nM concentrations
(Fig.20B).It is an antimicrobial alkaloid which inhibits PKC (Tamaoki et al
1986) and tyrosine protein kinases (Fallon et al 1990). Therefore, inhibition of
inositol phosphates generation by staurosporine is likely due to its inhibitory

effects on PTKs.

4.9 D609 impaired PHA-P stimulated inositol lipid breakdown in T
lymphocytes (Fig.17A,17B).
These effects of D609 are attributable to its inhibitory effects on Ptd Ins 4,5-P2-

PLC (Muller-Decker 1989)
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4.10 Cycloheximide does not impair PHA-P stimulated inositol

phosphates generation in T lymphocytes.

The activation of NFkB, which is dependent on its dissociation from an inhibitor
protein IkB, is mediated by a signalling process dependent on the generation
‘of reactive oxygen species (Schreck et al 1991) . It was therefore plausible that
the actions of antioxidants may be accounted for by the requirement of new
protein synthesis, mediated by NFkB or a similar transcription factor for
maintenance of ligand-stimulated inositol lipid breakdown. However, PHA-
stimulated inositol phosphate generation was not inhibited by the protein
synthesis inhibitor cycloheximide(Fig 19A,19B), ruling out a requirement for

protein synthesis in this process.
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Fig.1. Effect of increasing concentrations of PHA-P on inositol lipid

breakdown in T lymphocytes.

The ordinate shows counts min™ in inositol phosphates.
‘ 1, no ligand.

2, +.065 pg PHA-P 100ul" 10° cells.

3, +.13 ng PHA-P 100pl" 10° cells.

3, +.26 ng PHA-P 100nl" 10° cells.

4, +.50 png PHA-P 100pul" 10° cells.

Fig.2. Effect of different concentrations of OKT3 on inositol lipid

breakdown in T lymphocytes.

The ordinate shows counts min in inositol phosphates.
1, no ligand.

2,+51nl OKT3(1/10 diluted)

3,+10p1 OKT3(1/10 diluted)

4,+20pn1 OKT3(1/10 diluted)

5,+40ul OKT3(1/10 diluted)

The bars indicate the range of duplicate measurements.
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Fig 3. The action of BW755C on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
The ordinate shows the counts min” in inositol phosphates.
1, no ligand.
2, + 10 pl ml! OKTS3.
3, + 10pl ml"' OKT3 and 25uM BW755C.
4, + 10 pl ml* OKT3 and 50 tM BW755C.
The bars indicate the range of duplicate measurements.
Fig 4. The action of NDGA on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
The ordinate shows the counts min™” in inositol pho-sphates.
1, no ligand. 2, +10 ul ml! PHA-P.
3 +10pl ml' PHA-P and 5 utM NDGA.
4‘, +10nl mi? PHA-P and 50 pM NDGA.
5, +10nl ml* PHA-P and 100 tM NDGA
Fig.5. The action of Piriprost on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
The ordinate shows counts min™ in inositol phosphates.
1, no ligand.
2, +10ul ml" PHA-P,
3, +10 nul PHA-P and 50uM piriprost.

The bars indicate the range of duplicate measurements.
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Fig. 6. The action of MK886 on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
Fig. 6A. Results of a typical experiment.
The ordinate shows the counts min™ in inositol phosphates.

1, no ligand.

2, +10 ul ml! PHA-P.

3, +10 nl ml' PHA-P and 100 nM MKS886.

The bars indicate the range of duplicate measurements.

Fig. 6B. Pooled data from 8 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10pl ml’ PHA-P compared to control.

1, PHA-P alone.

2, PHA-P 10 pl ml" + 100 nM MKS886.

The bars indicate the SEM.

n=8, p=0.34

Fig. 6C. Pooled data from 4 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 12 nl ml'' OKTS3.

1, OKT3 alone.

2, OKT3 + 100 nM MKB886.

The bars indicate the SEM.

n=4, p=0.18
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Fig. 7. The action of BWA 4C on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
Fig. 7A. Results of a typical experiment.
The ordinate shows counts min™ in inositol phosphate.
1, no ligand.
2, + 10ul ml" PHA-P.
3, + 10ul ml* PHA-P and 100 nM BWA 4C
The bars indicate the range of duplicate measurements.
Fig. 7B. Pooled data from 4 experiments.
The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10 nl ml' PHA-P compared to control.
1, PHA-P alone.
2, PHA-P 10ul ml' + 100nM BWA 4C.
The bars indicate the SEM.
n=4 , p=0.87
Fig. 7C. Pooled data from 4 experiments.
The ordinate indicates the fold-stimulation of inositol phosphate
generation by 12 ul ml?! OKTS3.
1, OKT3 alone.
2, OKT3 + 100 nM BWA 4C.
The bars indicate the SEM.

n=4 , p=0.19
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Fig.8. The action of BHT on mitogen-stimulated inositol lipid breakdown
in T lymphocytes.
Fig. 8A. Result of a typical experiment.
The ordinate shows the counts min™ in inositol phosphate.

1, no ligand.

2, +10pl ml' PHA-P

3, +10nl m!' PHA-P and 10pM BHT.

The bars indicate the range of duplicate measurements.
Fig. 8B. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10 ul ml"' PHA-P compared to control.

1, PHA-P alone.

2, +10pM BHT and PHA-P

The bars indicate the SEM.

n=6, p=0.054

Fig.8C. Dose-response curve.

The ordinate shows the counts min™ in inositol phosphate.
1, no ligand. 2, +10ul PHA-P.

3, +2.5uM BHT+ PHA-P

4, +5uM BHT+ PHA-P

5, +10uM BHT+ PHA-P

The bars indicate the range of duplicate measurements.
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Fig.8D. Results of a typical experiment.

The ordinate shows counts min™in inositol phosphate.

1, no ligand.

2, OKT3 alone.

3. OKT3 + 10 pM BHT.

The bars indicate the range of duplicate measurements.

Fig.8E.[’Hlinositol pre-labelled T lymphocytes were incubated with and
without 10 uyM BHT for 30 min, and the PHA- stimulated generation of
inositol phosphate was measured.One half of each culture was washed
free of the drug immediately before the addition of PHA.

The ordinate shows counts min™ in inositol phosphate.

1, no ligand.

2, + 10 pl ml* PHA-P.

3, + 10uM BHT+ PHA-P.

4, + 10 pl ml’ PHA-P added immediately after washing culture free of
drug.

The bars indicate the range of duplicate measurements.
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Fig. 9. The action of BHA on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

Fig.9A. Result of a typical experiment.

The ordinate shows the counts min" in inositol phosphate.
1, no ligand.

2, +10pl PHA-P

3, +100uM BHA+ PHA-P

The bars indicate the range of duplicate measurements.

Fig. 9B. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10ul ml' PHA-P

1,PHA-P alone.

2,+100 utM BHA and PHA-P.

The bars indicate the SEM.

n=6 , p=0.06
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Fig. 10. The action of N-acetyl-cysteine on mitogen-stimulated inositol
lipid breakdown in T lymphocytes.
Fig. 10A. Results of a typical experiments.
The ordinate shows the counts min in inositol phosphates.

1, no ligand.

2, +10ul PHA-P.

3,+20mM N-acetyl-cysteine+ PHA-P

The bars indicate the range of duplicate measurements.
Fig. 10B. Dose-response curve.

The ordinate shows counts min™ in inositol phosphates.
1, no ligand.

2, +10pl PHA-P

3,+10mM N-acetyl-cysteine and PHA-P.

4,4+20mM N-acetyl-cysteine and PHA-P

The bars indicate the range of duplicate measurements.

Fig. 10C. Pooled data from 8 experiments.

. The ordinate indicates the fold-stimulation of inositol phosphates

generation by 10pnl ml’ PHA-P

1, PHA-P alone.

2, +20mM N-acetyl-cysteine and PHA-P.
The bars indicate the SEM.

n=8, p=0.06
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Fig. 11. The action of DTT on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

Fig. 11A. Results of a typical experiment.

The ordinate shows the counts min" in inositol phosphates.
1, no ligand.

2, +10nl ml!' PHA-P

3, +5mM DTT and PHA-P

The bars indicate the range of duplicates measurements.

Fig. 11B. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
genei‘ation by 10ul ml' PHA-P compared to control.

1, PHA-P alone.

2, +5mM DTT and PHA-P

The bars indicate the SEM.

n=6, p= 0.060
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Fig.12. The action of ferricyanide on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

Fig.12A. Results of a typical experiments.

The ordinate shows counts min™ in inositol phosphates.
1, no ligand.

2, +10ul ml! PHA-P

3, +bmM ferricyanide and PHA-P

The bars indicate the range of duplicate measurements.

Fig. 12B. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphates
generation by 10pul ml' PHA-P

1, PHA-P alone.

2, +bmM ferricyanide and PHA-P

The bars indicate the SEM.

n=6, p=.06
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Fig.13. The action of BAB on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
Fig. 13A. Results of a typical experiment.
The ordinate shows the counts min” in inositol phosphates.
1, no ligand.
.‘ 2, +10nl ml! PHA-P.
3, +10uM BAB and PHA-P

The bars indicate the range of duplicate measurements.

Fig. 13B. Dose-response curve.

1, no ligand.

2, +10nl ml! PHA-P

3, +5uM BAB and PHA-P

4, +10uM BAB and PHA-P

The bars indicate the range of duplicate measurements.
Fig. 13C. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10ul ml"' PHA-P compared to control.

1, PHA-P alone

2, PHA-P + 10pM BAB

The bars indicate the SEM.

n=6, p= 0.05
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Fig.14. The action of Ro 31-4493 on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

The ordinate shows the counts min™ in inositol phosphates.
1, no ligand.

2, +10pl ml' PHA-P.

3, +25pM Ro 31-4493 and PHA-P

The bars indicate the range of duplicate measurements.

Fig.15.The action of Ro 31-4639 on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

The ordinate shows the counts min™ in inositol phosphates.
1, no ligand.

2,+10ul ml* PHA-P.

3, +25uM Ro 31-4693 and PHA-P

The bars indicate the range of duplicate measurements.
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Fig.16. The action of DFO on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

Fig.16A Results of a typical experiment.

The ordinate shows the counts min™ in inositol phosphates.
1, no ligand.

2, +10pl ml' PHA-P.

3, +500uM DFO and PHA-P

The bars indicate the range of duplicate measurements.

Fig. 16B. Pooled data from 6 experiments.

The ordinate indicates the fold-stimulation of inositol phosphates
generation by 10 ul ml' PHA-P compared to control.

1, PHA-P alone.

2, +500 pM DFO and PHA-P

The bars indicate the SEM.

n=6 , p=0.368
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Fig. 17. The action of D609 on mitogen stimulated inositol lipid
breakdown in T lymphocytes.
Fig.17A. Results of a typical experiment.
The ordinate shows counts min™ in inositol phosphates.
1, no ligand.
- 2,+10pl ml' PHA-P.
3, +100uM D609 and PHA-P.
The bars indicate the range of duplicate measurements.
Fig. 17B.Pooled data from 6 experiments.
The ordinate indicates the fold-stimulation of inositol phosphates
generation by 10nl ml’ PHA-P compared to control.
1, PHA-P alone. 2, +100uM D609 and PHA-P
The bars indicate the SEM.
n=6, p=0.055
Fig. 18. The action of NMMA on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
The ordinate shows the counts min" in inositol phosphates.
1, no ligand. 2, + 10ul ml! PHA-P
3, +100nM NMMA and PHA-P.
4, +200nM NMMA and PHA-P
5, +100pM NMMA+ 1mM Arginine and PHA-P

The bars indicate the range of duplicate measurements
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Fig.19. The action of cycloheximide on mitogen-stimulated inositol lipid

breakdown in T lymphocytes.

Fig. 19A. Results of a typical experiment.

The ordinate shows counts min™ in inositol phosphates.
1, no ligand.

2, +10nl ml' PHA-P.

3,+ 1pg ml’ cycloheximide and PHA-P

The bars indicate the range of duplicate measurements.

Fig.19B. Pooled data from 4 experiments.

The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10pul mi’ PHA-P compared to control.

1, PHA-P alone.

2, + 1 pg ml?! cycloheximide and PHA-P.

The bars indicate the SEM.

n=4, p=0.258
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Fig.20. The action of staurosporine on mitogen-stimulated inositol lipid
breakdown in T lymphocytes.
Fig. 20A. Result of a typical experiment.
The ordinate shows counts min™ in inositol phosphates.
1, no ligand.
- 2, +10ul ml' PHA-P.
3, +1nM staurosporine and PHA-P
The bars indicate the range of duplicate measurements.
Fig. 20B.Effects of increasing concentrations of staurosporine on PHA-
stimulated inositol lipid breakdown in T lymphocytes.
The ordinate shows counts min in inositol phosphates.
1, no ligand. 2, +10ul PHA-P.
3, +100nM staurosporine and PHA-P.
4, +500nM staurosporine and PHA-P.
5, +1uM staurosporine and PHA-P
The bars indicate the range of duplicate measurements.
Fig. 20C. Pooled data from 6 experiments.
The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10pul ml' PHA-P compared to control.
1,PHA-P alone. 2, +1uM staurosporine and PHA-P
The bars indicate the SEM.

n=6, p=0.05.



a Table 1 Actions of inhibitors on Ptd Ins 4,5-P2-PLC

Drug

NDGA

Ro 31-4493/001

Ro 31-4639/001

BW755C

piriprost

MK886

BWAA4C

BHT

N-acetylcysteine

in vitro
Concentration
Z—E)MM
50uM

55 uM
50 uM
100pM

50uM
100uM

—2_5p.M
100uM

ESuM
50uM

gOnM
100nM
100nM
OouM
10uM

20mM

a2 Ptd Ins-4,5-P2
Methods

PtdIns4,5-P2-PLC
(pmol/30 min) a

110(+10)
80(+6)
39(+5)

110+14
47+8
47+8
30+6

110+14
36+1
25+1

210(+20)
150(+15)
105(+11)

155(+8)
146(+11)
158(+4)

56(+2)
52(+17)
47(+5)
76(+9)
60(+19)
76(+9)
125(+15)

76(+9)
123(+11)

-PLC activity as described in Materials and



TABLE 2

Radioimmunoassay of leukotriene B4 and

IS-HETE in
supernatants of T

lymphocyte cultures and whole blood.

Cells Additions Leukotriene 15-HETE
B4 (ng.ml-1)
(ng.ml-1)

T lymphocytes: None <0.5 <0.6
I uM A23187 25.6(+3) 31.7(+£5.8)

PHA <0.5 <0.6

Whole blood: No addition <0.5 nd

1 uM A23187 285(+110) nd

T lymphocytes (105. ml-! in RPMI medium) or human whole
blood were incubated at 37°C for 30 min with the indicated
additions. The supernatants of triplicate cultures were

analyzed
for leukotriene B4 or 15-HETE by radioimmunoassay.
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4.11 Discussion

I have studied the effects of LO inhibitors on mitogen-stimulated inositol lipid
breakdown, one of the specific signal transduction pathways which regulates the
proliferation of haemopoietic cells. Piriprost, NDGA, and BW755C inhibited
PHA- stimulated breakdown of inositol lipid in human T lymphocytes.
"However, inositol lipid breakdown in PHA and CD3 monoclonal antibody(McAb)
stimulated T lymphocytes was not affected by specific 5-L.O inhibitors BWA4C
and MK886. Furthermore, LT generation was not detected following PHA or
anti CD3 stimulation of T lymphocytes. These results suggested that inhibition
of mitogen-stimulated inositol lipid breakdown by NDGA, BW755C, and
piriprost must be due to a mechanism other than the inhibition of lipoxygenase.
Because the above inhibitors also have antioxidant properties, I studied the
effects of several general antioxidants on growth regulatory signal transduction
pathways. Butylated hydroxytoluene (BHT), DTT , and N-acetylcysteine
abrogated PHA- and CD3 McAb- stimulated inositol lipid breakdown in T
lymphocytes.

These antioxidants inhibitors did not have a direct action on the Ptd Ins 4,5-P2-
PLC enzyme which catalyses inositol lipid breakdown, suggesting that the
target for these compounds is an obligatory step in the coupling of TCR the with
the inositol lipid pathway, which is regulated by a signalling process dependent
on the generation of reactive free radical species. Others have shown that
several aspects of T lymphocytes activation, including lymphokine secretion,

DNA synthesis and Ca*™ fluxes are also impaired by antioxidants (Dornand et
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al 1989; Chaudhri et al 1986; Gukovskaya et al 1989).
Recent evidence suggests that the controlled generation of oxidative metabolites
plays important roles in diverse cellular signalling mechanisms (Schreck et al
1991; Abate et al 1990).The data presented here are consistent with the
interpretation that the generation of an oxidative metabolite may play a role in

the activation of the inositol lipid signalling system following the ligation of cell-

-surface receptors of T lymphocytes. I have observed that the inhibition of

ligand-stimulated inositol phosphate generation by T lymphocytes by the
general antioxidants BHT is immediately reversed by washing the cells with
serum-containing medium. This implies that BHT did not irreversibly damage
the coupling mechanism in T lymphocyte.

I have carried out preliminary experiments in an attempt to characterize the
putative oxidative metabolite involved in signal transduction. The generation
of the free radical nitric oxide is involved in inter- and intra-cellular signalling
mechanisms which depend on its ability to activate guanylate cyclase (Murad
et al 1990). Although nitric oxide may be generated by ligand-stimulated T
lymphoid cells (Kirk et al 1990), 100uM N-methyl L-arginine, an inhibitor of
nitric oxide generation (Gukovskaya et al 1989), did not impair the PHA-
stimulated generation of inositol phosphates by T lymphocytes. I was also
unable to detect the generation of thiobarbituric acid-reactive lipid
peroxides.Therefore, the chemical nature of a putative oxidative metabolite
involved in coupling of ligand receptors to the inositol lipid signalling system

remains to be determined.
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CHAPTER 5

THE ACTIONS OF ANTIOXIDANTS,LIPOXYGENASE INHIBITORS AND
OTHER COMPOUNDS ON LIGAND-STIMULATED INOSITOL LIPID

BREAKDOWN IN JURKAT CELLS.

Stimulation of the Jurkat T lymphoblastic leukaemia cell line by PHA and
monoclonal antibodies reactive with the T cell antigen receptor complex(CD3/Ti)
lead to the activation of the inositol lipid signalling pathway.This pathway
triggers the secretion of lymphokines in this cell line( Goldsmith and Weiss
1988; Imboden and Pattinson 1987).

In Chapter 4, I have shown that the activation of the inositol lipid signalling
pathway by PHA and by OKT3 was abrogated by LO inhibitors and
antioxidants suggesting that an oxidant-sensitive step is important in the
coupling mechanism of normal T lymphocytes. Here I have studied the effects
of 5-LO inhibitors and antioxidants on PHA- and OKT3- stimulated generation

of inositol phosphate in Jurkat cells.

Results

5.1 Actions of lipoxygenase inhibitors s on ligand- stimulated inositol

lipid breakdown in the Jurkat T lymphoblastic leukaemia
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cell line.

PHA-stimulated inositol phosphate generation by Jurkat cells was not
decreased by piriprost(Fig.1). In fact, piriprost enhanced inositol phosphate
generation by ligand stimulated generation in these cells. These observations
which are in marked contrast with those using T lymphocytes(Chapter.4,Fig.5),
imply that the biochemical mechanisms which couple cell surface receptors to
“the inositol lipid signalling system are different in normal peripheral blood T

lymphocytes and Jurkat leukaemia cells.

MKS886 did not inhibit PHA and OKT3-stimulated inositol phosphate generation

in Jurkat cells(Fig.2A,2B).

5.2 The action of antioxidants on ligand-stimulated inositol lipid

breakdown in Jurkat cells.

The lipid soluble antioxidants BHT and BHA also failed to abrogate this early
signalling event.BHT did not inhibit PHA- and OKT3-stimulated generation of
inositol phosphate(Fig.3A,3B,3C), similarly BHA failed to decrease PHA- and

OKT3-stimulated generation of inositol phosphate in these cells.(Fig.4A,4B,4C).

5.3 The action of sulphydryl reagents on ligand-stimulated inositol lipid

breakdown in Jurkat cells.

The sulphydryl reagents N-acetylcysteine and dithiothreitol inhibited PHA-
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stimulated inositol lipid breakdown in Jurkat cells(Fig.5,6A,6B)

5.4 Actions of staurosporine on ligand-stimulated inositol lipid

breakdown in Jurkat cells.

Staurosporine, a protein kinase inhibitor, decreased ligand stimulated

generation of inositol phosphate in Jurkat cells (Fig.7).
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Fig.1. The action of piriprost on ligand-stimulated inositol lipid
breakdown in the Jurkat leukaemia cell line.
The ordinate shows the counts min™ in inositol phosphates.
1, no ligand.
2, +10ul ml' PHA-P.
3, +50uM Piriprost and PHA-P.
The bars indicate the range of duplicate measurements.
Fig.2. The action of MK886 on ligand-stimulated M.inositol lipid
breakdown in Jurkat leukaemia cells line.
Fig. 2A. Results of a typical experiment.
The ordinate shows the counts min” in inositol phosphates.
1, no ligand.
2, +10ul PHA-P.
3, +100nM MKS886 and PHA-P.
The bars indicate the range of duplicate measurements.
Fig.2B. Pooled data from 4 experiments.
The ordinate indicaies the fold-stimulation of inositol phosphate
generation by 12pul ml' OKT3, compared to control.
1, OKT3 alone.
2, +100nM MK886 and OKTS3.
The bars indicate the SEM.

n=4, p=0.086
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Fig.3. The action of BHT on ligand-stimulated inositol lipid breakdown
in the Jurkat leukaemia cell line:
Fig.3A. Results of a typical experiment.
The ordinate shows the counts min™ in inositol phosphates.
1, no ligand.

2, +10pl ml' PHA-P.
3, 10nM BHT and PHA-P.
The bars indicate the range of duplicate measurements,
Fig.3B. Pooled data from 8 experiments.
The ordinate indicates the fold-stimulation of inositol phosphate
generation by 10pl ml' PHA-P compared to control.
1, PHA-P alone.
2, +10uM BHT and PHA-P
The bars indicate the SEM.
n=8, p=0.081.
Fig.3C. Pooled data from 6 experiments.
The ordinate indicates the fold-stimulation of inositol phosphates
generation by 12 nl ml' OKT3, compared to control.
1,0KT3 alone.
2, +10uM BHT and OKTS3.
The bars indicate the SEM.

n=6, p=0.478.
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Fig.4. The action of BHA on ligand-stimulated inositol lipid breakdown
in the Jurkat leukaemia cells line.
Fig.4A. Results of a typical experiment.
The ordinate shows the counts min® in inositol phosphates.
1, no ligand.
2, +10pl ml! PHA-P.
3, +100uM BHA and PHA-P.
The bars indicate the range of duplicate measurements.
Fig.4B. Pooled data from 4 experiments.
The ordinate indicates the fold stimulation of inositol phosphate
generation by 10ul ml' PHA-P, compared to control.
1, PHA-P alone.
2,+100nM BHA and PHA-P
The bars indicate the SEM.
n=4, p=0.20
Fig.4C. The ordinate shows counts min’’ in inositol phosphates.
1, no ligand.
2, +12pl ml' OKTS3.
3, +100nM BHA and OKTS3.

The bars indicate the range of duplicate measurements.
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Fig.5.The action of N-acetylcysteine on ligand-stimulated inositol lipid
breakdown in the Jurkat leukaemia cell line.
The ordinate shows the counts min in inositol phosphates.
1, no ligand.
2, +10ul PHA-P.

3, +20mM N-acetylcysteine and PHA-P
| The bars indicate the range of duplicate measurements.
Fig.6. The action of DTT on ligand-stimulated inositol lipid breakdown
in the Jurkat leukaemia cells line.
Fig.6A. Results of a typical experiment.
The ordinate shows counts min" in inositol phosphates.
1, no ligand.
2, +10ul ml' PHA-P.
3,+1mM DTT and PHA-P.
The bars indicate range of duplicate measurements.
Fig.6B. Pooled data from 6 experiments.
The ordinate indicates the fold-stimulation of inositol phosphates
generation by 10ul ml?' PHA-P, compared to control.
1, PHA-P alone.
2, +1mM DTT and PHA-P
The bars indicate the SEM.

n=6, p=0.045.
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Fig.7. The action of staurosporine on ligand-stimulated inositol lipid
breakdown in the Jurkat leukaemia cell line.
Fig.7A. Results of a typical experiment.
The ordinate shows counts min™ in inositol phosphates.
1, no ligand.
2, +10ul ml' PHA-P.
3, +1uM staurosporine and PHA-P.

The bars indicate the range of duplicate measurements.

Fig.7B. Pooled data from 8 experiments.

The ordinate indicates the fold-stimulation of inositol phosphates
generation by 10ul ml' PHA-P, compared to control.

1, PHA-P alone.

2, +1 uM staurosporine and PHA-P

The bars indicate the SEM.

n=8, p=0.05

Fig.7C. The ordinate shows counts min™ in inositol phosphates.
1, no ligand.

2, +10nl m1"' OKT3.

3, +1 uM staurosporine and OKTS3.

The bars indicate the range of duplicate measurements.
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5.5 Discussion

Ligand-stimulated generation of inositol phosphates in Jurkat T lymphoblastic
leukaemia cells line was not abrogated by the selective 5-LO inhibitors
piriprost, MK886,or antioxidants including BHT and BHA.These findings are
in marked contrast with those using T lymphocytes,in which piriprost, BHT and
BHA markedly decreased ligand-stimulated inositol lipid turnover.

The studies presented here suggest that the early events in transmembrane
signalling by which the TCR/CD3-complex activates inositol lipid signalling in
Jurkat cells, do not involve ar“lemi'(_).xiedszggtive step. Therefore, the structural
organization of signal transducing components linked to the TCR may be
different in different T cell types.

Several lines of evidence have suggested heterogeneity of other aspects of the
coupling mechanisms. Ward et al (1990) have shown that the ligand-stimulated
generation of inositol phosphates was inhibited following activation of
protein kinase C by phorbol esters in Jurkat cells but not in normal T
lymphocytes.

The pattern of sensitivity of Jurkat cells to thiol reagents differed from their
pattern of sensitivity to piriprost, BHT and BHA. It is therefore possible that
thiol-containing compounds inhibit coupling to the inositol lipid signalling
pathways at sites different to or in addition to those at which lipoxygenase
inhibitors or lipid soluble antioxidants exert their actions.One possible

explanation for the action of sulphydryl compoundé is that they promote the

dissociation of essential sulfhydryl-linked dimers of the signal transduction
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pathway machinery eg the alpha-beta or zeta-zeta dimers of the T cell
receptor.In fact, concentrations of thiol-containing compounds similar to those
used here are known to dissociate sulphydryl bonds of immunoglobulin molecule
(Dacie and Lewis 1991). Therefore, conclusions concerning the possible role o_f
oxidative metabolites generation which are based on the use of sulfhydryl
reducing agents should be interpreted with caution.

" In order to investigate further the process of inositol lipid signalling in Jurkat
cells, I studied the actions of the protein kinase inhibitor staurosporine on PHA-
stimulated inositol phosphate generation. This compound effectively decreased
inositol phosphate generation in Jurkat as well as T lymphocytes(Chapter 4.Fig
20).The inhibition of inositol phosphate generation, in turn, is probably
attributable to inhibition of tyrosine protein kinases, which are known targets
of staurosporine (Fallon et al 1990). Therefore, this aspect of the coupling

mechanism is common to both Jurkat cells and to T lymphocytes.
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CHAPTER 6

ACTIONS OF LIPOXYGENASE INHIBITORS ON THE
PROLIFERATION OF NORMAL AND MALIGNANT HAEMOPOIETIC

CELLS

The observations summarized in sections 2.5.2 and 2.5.3 suggest that LO
metabolites may serve as autonomously generated signalling molecules which
positively regulate the proliferation of normal and malignant haemopoietic cells.
I have studied the effects of LO antagonists and other antioxidants on DNA
synthesis and proliferation of normal bone marrow, freshly isolated leukaemia
blasts, leukaemia cell lines and PHA-P stimulated T lymphocytes.The following
lines were used in this study: HL60 (acute promyelocytic leukaemia), K562
(Philadelphia positive chronic granulocytic leukaemia in blast crisis), Jurkat (T-

acute lymphoblastic-leukaemia) and Daudi (Burkitt lymphoma).

Results .

6.1 Action of lipoxygenase inhibitors on DNA synthesis and

proliferation of haemopoietic cell lines.

DNA replication in HL60 cells, as estimated by the incorporation of

BH]thymidine into DNA, was inhibited by the selective 5-LO inhibitor
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piriprost. Fifty percent inhibition (IC,,) was achieved at 40-60 uM drug
concentration (Fig.1A, Table 1). ["H]thymidine incorporation into K562 and
Jurkat cells was also inhibited by piriprost with IC,, values in uM range
(Table 1). NDGA inhibited DNA replication in HL.60 and K562 cells (Table 1).
The growth of HL60 cells was affected by piriprost(Fig IB,Table 2). The
proliferation of K562 and Jurkat cells was also impaired in the presence of
‘ piriprost, with IC,, values in the pM range (Table 2).
In order to examine whether impairment of CO might be implicated in the
inhibition of DNA synthesis, indomethacin which irreversibly inactivate CO
enzyme was used in subsequent studies.This drug impaired DNA synthesis in
HL60 and K562 cells (Table 1). However, the drug concentrations required for
half-maximal inhibition were greatly in excess of the reported ICy, for CO
inhibition (Chapter 2 Table 2).
DNA replication in Jurkat or K562 cells (Table 1) and HL60 (Fig.1A) was not
inhibited by MK886 and BWA4C- two potent and specific inhibitors of 5-LO
enzyme.
In addition, neither of these inhibitors significantly reduced proliferation of
Jurkat or K562 cells (Table 2) and HL60 cells (Fig. 1B), even at 1 pM, a
concentration significantly in excess of their IC;, value for the inhibition of 5-LO
(Chapter 2, Table 1). I have verified that in my hands both of these inhibitors

abrogated LT synthesis in a human whole blood system (Section 4.2.1)
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6.2 Action of lipoxygenase inhibitors on DNA synthesis of freshly

isolated leukaemia blasts.

[*H]thymidine incorporation by freshly isolated acute myeloid leukaemia blasts

as well as lymphoblasts was abrogated by NDGA in a dose dependent manner

- (Table 3). BW755C also impaired DNA synthesis in freshly isolated leukaemia

blasts (Table 4). Haematological characteristics of the patients studied are
summarized in Table 7, relevant details in case of AML patients 15,16,19,20,21
and 22 were not available.

All of these observations are in agreement with findings of Snyder et al (1989)
and at first glance suggest that the endogenous generation of 5-LO metabolites
of arachidonic acid may play a role in stimulating DNA replication and
proliferation of leukaemic cell lines, and also in freshly isolated leukaemia
blasts.

However, MK886 affected DNA synthesis in only four out of fifteen fresh acute
leukaemia samples tested (Table 5). In one case this compound inhibited DNA
replication at 1uM concentration significantly in excess of its IC,, value for the

inhibition of 5-LO (Chapter 2. Table 1).

6.3 Action of lipoxygenase inhibitors on DNA synthesis of normal bone

marrow and T lymphocytes.

I then studied the effects of 5-LO inhibitors on ["H]thymidine incorporation by



133

PHA stimulated proliferation of T lymphocytes and normal bone marrow cells.
Piriprost and BW755C impaired ["H]thymidine incorporation into normal bone
marrow cells (Fig.4). The same two agents inhibited DNA replication in PHA-P
stimulated T lymphocytes (Fig 2).

These data are in agreement with previous observations of Gualde et al (1985),
Pasquale et al (1991) and initially suggested that the endogenous generation of
* 5-LLO metabolites of arachidonic acid may play a role in stimulating DNA
replication and proliferation of T lymphocytes and normal bone marrow cells.
However, MK886 and BWA4C did not inhibit DNA replication in T lymphocytes

(Fig.3) and normal bone marrow cells (Fig.5).



TABLE 1

ICso VALUES(uM) FOR THE INHIBITION OF [3H|THYMIDINE
INCORPORATION BY CELL LINES

HL60Q K562 TURKAT DAUDI NIH3T3

NDGA 3-5 3-6 nd nd 7-10
Piriprost 40-60 90-110 16-20 nd nd
Indomethacin 50-60 28-36 nd nd >200
MK886 >1a >1a >l2 >a nd
BWA4C >la >1a >]a >]a nd

a. no statistically significant inhibition (student's t test)
1 uM of the drug.
nd. not determined.

was observed upto



TABLE 2

ICso VALUES(uM) FOR THE INHIBITION OF
PROLIFERATION OF CELL LINES

HL60 K562 JURKAT
BW755C 30-38 nd nd
Piriprost 80-100 75-85 36-42
MK886 >1a >1a >1a
BWA4C >1a >1a >1a

a, no statistically significant (student's t test) inhibition was observed at
concentrations of the drug upto | pM.

nd, not determined.



Table 3

Action of NDGA on [3H] thymidine incorporation by

fresh leukaemic blasts. Figures
the incorporation of radiolabel+SEM,

in parentheses

indicate

into triplicate
cultures of cells in the absence of added drug.

Drug concentration(pM)

No. 1.6 3.3

6.6

16.6

1 (6313 90+ 20 100+6 69+50 28+15

+2600)
2 (2491 90+15 80+15
+100)

3 (8102 96+11 95+10
+2100)

4 (3217 98+6 97+3
+106)

5 (1745 90+4 71+18
+106)

6 (4905 89 +5 54+15
+360)

7 52156 80+5 62+13
+1100)

57+5

35+10

99+8

3449

35+10

55+15

34+10

20+5

58+14

21+5

16+3

14+3

33.3
16+5

12+4

1+10

1448

21+4

742

6+2

66.6
3.5+1

8+1

1+1

11+1

1743

6+2

242



Table 4

Action of BW755C on [3H] thymidine incorporation by fresh

leukaemic blasts.

Figures in parentheses indicate incorporation

of radiolabel +SEM, into triplicate cultures of cells in the absence

Patient No
8

15

10

16

Drug

(189944
+7895)

(38679
+7178)

(886285
+19181)

(27260
+842)

(2985
+200)

of added drug.

concentration(pM)

50

64+8

35 i5

100
41\3

8+2



Table §
Action of MK886 on [3H] thymidine incorporation by fresh leukaemic blasts. Figures in parentheses indicate the incorporation of
radiolabel +SEM into triplicate cultures of cells in the absence of added drugs.
Drlig concentration (nM)

Patient 2.5 5 10 25 50 100 1000 5000

No.

8 (189944 --- --- --- --- --- --- 8+5 .-
+7895)

9 (38679 --- - - - ——- 342 - -
+7178)

10 (27260 --- --- .- - .- 15+10 R -
+842

11 (73871 99+14 90+13 --- 80+23 40+20 22+15 - S
+18026)

12 (69489 99+13
+1916)

13 (195470 --- --- 80+10 100+15 90+11 99+5 - ---
+80794)

14 (2872 --- --- --- S .- 98+10 .- S
+200)

15 (866285 --- --- 65+20 --- 98+6 9448 36+15 ---
+19180)

16 (2985 --- --- --- 99+5 --- 98+6 --- -
+200)

17 (2370 98+5 67+15
+62)

18 (62332 81+12 30+5
+375)

19 (6347 --- --- --- - - 99+ 14 I .-
+665)

20 (36397 - - .- 26+15
+1464)

21 (356744 60+10
+20620)

22 (138813 97+5

+6908)



Table 6

Action Of BWA4C on [3H] thymidine incorporation by fresh
leukaemic blasts. Figures in parentheses indicate the
incorporation of radiolabel +SEM into triplicate cultures of cells in
the absence of added drug.

Drug concentrations(nM)

Patient No 100 500 1000

14 (2872 98+5 L L
+200)

17 (2370 97+5 63+15 L
£62)

23 (243525 98+5 83+15 80+13
+19558)

18 (62332 89+10 L L
+375)

21 (356744 99+5 o 80+10
+20620)

22 (138813 | 91+10 3+25 L

+6908)



Table 7

Haematological characteristics of patients studied. The figure in parenthesis is a
percentage, ND-not determined

Patient No Age/Sex Diagnosis WBC 109/L immunophenot-
-yping details

1 55/F AML 40 ND

2 50/M AML 33 ND

3 14/F AML 8 ND

4 41/M AML 20 ND

5 23/M AML 14 ND

6 12/M ALL 12 TdT(89)
CD19(96)

7 50/M AML 50 ND

8 47/M AML 34 CD34(80).HLA-
[1(82)

9 75/M AML 12 CD33(70)CD13¢(
73)

10 14/F AML 30 CD34(24)
CD33(81)

11 34/M AML 5 CD13(79)
CD33(70)

12 20/F ALL 20.7 TdT(93)
CD19(90)

13 33/M AML 18 CD13(60)
CD33(62)

14 29/M AML 99 CD34(68)CD33(
92) CDI14(70)

17 28/M AML 12 CD13(78)
CD33(30)

I3 3S5/F : AML 20.3 CD34(53) HLA-

11(78)
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Fig. 1. A. actions of piriprost (0). BW A4C (A) and MK 886 (&) on
[3H] thymidine incorporation (A) and proliferation (B) of HL60
cells. Triplicate means are shown and standard errors are
encompassed by the symbols in (A) . In (B), cells were seeded at
2.5x105. ml-l, and the cell counts at d3 (quadruplicate means)are
shown. Standard errors were <10% of the values shown.



Fig.2

300000

200000
00000

UL/ S3Unos)

Fig.3

Y T T LA § v ¥
o

o 8 8

g g g

g £ & 3

g 8 S =

® N -

autprwhiyy [HE] ut wiuy sjuno]



Fig.2 Effects of piriprost and BW 755C on DNA replication in PHA-stimulated

T lymphocytes.

The ordinate indicates counts min” in [*H] thymidine incorporé.tion into DNA.
1, no drug

2, 75 M piriprost

3, 75 pm BW755C

The bars indicate the SEM.

Fig.3 Effects of BWA4C and MK886 on DNA replication in PHA-stimulated T

lymphocytes.

The ordinate indicates counts min’' in [*H] thymidine incorporation into DNA.
1, no drug

2, 100 nM BWA4C

3, 100nM MK886

The bars indicate the SEM
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Fig.4 Effects of piriprost and BW 755C on DNA replication in normal human

bone marrow.

The ordinate indicates counts min"' in [*’H] thymidine incorporation into DNA.
1, no drug

2, 75 nM piriprost

3, 75 pm BW755C

The bars indicate the SEM.

Fig.5 Effects of BWA4C and MK886 on DNA replication in normal human bone

marrow.

The ordinate indicates counts min' in [°’H] thymidine incorporation into DNA.
1, no drug

2, 100 nM BWA4C

3, 100nM MK886

The bars indicate the SEM
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6.4 Discussion

Three 5-LO inhibitors NDGA, piriprost and BW755C suppressed DNA
synthesis in leukaemic cell lines, freshly isolated acute myeloid leukaemia
- blasts, PHA- stimulated T lymphocytes and normal bone marrow cells. These
agents also abrogated the proliferation of leukaemic cell lines. However, two
novel, potent 5-LO antagonists, BWA4C and MK886, did not impair either
function in normal haemopoietic cells or malignant haemopoietic cell lines.

I have repeatedly failed to detect any generation of LO metabolites by T
lymphocytes (Chapter 4. Table 2). NDGA also inhibited [*H]thymidine
incorporation in NIH-3T3 fibroblasts (Table 1), which are unlikely to synthesize
LTs. Most importantly, the IC,, values for the inhibition of DNA replication
(Table 1) and proliferation (Table 2) of leukaemic cell lines, freshly isolated
leukaemia blasts (Table 3) and T lymphocytes (Fig.3) by NDGA, BW755C and
piriprosts were markedly in excess of the concentrations of these drugs required
for the half-maximal inhibition of 5-LO ( Chapter 2.Table I). Liu et al (1989)
have also shown that spontaneous proliferation of T lymphoid cell lines was
inhibited by BWA4C in the 10-40 uM dose range which is greatly in excess of
the concentration of this compound required for the half-maximal inhibition of
5-LO (Chapter 2. Table 1). Taken together with the observations that HL60 and

T lymphocytes produce virtually undetectable levels of L'Ts (Goerig et al 1988;
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Reid et al 1990), the results reported here demonstrate that the actions of
NDGA, BW755C and piriprost on these cells systems are attributable to a
property other than inhibition of 5-LO, and that endogenous generation of LTs
does not play a significant role in the regulation of their proliferation.
" Evaluation of the putative role of 5-LO in the regulation of normal and
malignant cell proliferation is potentially of great importance. Recently,
exogenous LTs have been shown to enhance DNA synthesis in a number of
tissues including fibroblasts (Baud et al 1987) and glomerular epithelial cells
(Baud et al 1985).Some of these conclusions were based in part on the use of
relatively non-specific inhibitors of LTs generation.

The data here show that in case of normal and malignant haemopoietic cell
lines, the use of highly specific inhibitors rule out a possible role for LTs in the
regulation of DNA replication and proliferation. However, in a subset of AML
DNA synthesis was inhibited by MK886. This raises the interesting possibility
that LTs generation may play a modulatory role in the regulation of
proliferation of some AML blasts. Studies on a larger number of cases of AML

will indicate whether this drug may have therapeutic potential in this disease.
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CHAPTER 7

FINAL DISCUSSION

7.1 The role of LTs in the modulation of transmembrane signalling

processes.

The roles of LTs in the mediation of specific cellular responses in immunity and
inflammation are well established (Rola-Pleszczynski 1983). Several actions of
inhibitors of LT synthesis - in transmembrane signalling processes have been
documented in different cell types and have led to the conclusion that LTs may
serve as second messengers in some signal transduction processes. These
include the stimulation of T lymphocytes by PHA (Mire-Sluis et al 1989), the
activation of specific transcription regulatory proteins by interferon alpha
(Hannigan et al 1991), the regulation of gamma interferon production by
interleukin-2 (Johnson and Torres 1984), and induction of tumour necrosis
factor gene transcription by phorbol ester (Horiguchi et al 1989). Lipoxygenase
inhibitors have been shown to suppress the synthesis of the lymphokine IL-2
by T leukaemia cells (Dornand et al 1987). Binding of LTs to cell surface
receptors triggers the generation of potent second messengers DAG and
PtdIns4,5-P, via the breakdown of inositol lipids (Mong et al 1988) and it is
plausible that LTs play second messenger roles by stimulating the inositol lipid
pathway.

Some of above conclusions were based in part on the use of relatively non-
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specific inhibitors of LTs generation.
I have therefore focused on studying the actions of LO inhibitors on ligand-
stimulated activation of the inositol lipid signalling pathway of T lymphocytes
and their malignant counterpart, the Jurkat T lymphoblastic leukaemia cell
line.
The T-cell antigen receptor regulates at least two signal-transduction pathways:
‘the phosphatidylinositol and tyrosine kinase pathways (Weiss et al 1984,
Imboden and Stobo 1985; Patel et al 1987). The TCR-initiated activation of
PtdIns4,5-P, specific PLC is well documented. Ligand stimulation of the TCR
induces the generation of inositol phosphates and DAG, responsible for
mobilization of calcium and activation of protein kinase C (Berridge and Irvine
1984). These second messenger events contribute to later cellular responses,
such as lymphokine gene expression (Farrar et al 1985).
However, many details of the mechanisms involved in the coupling of the
transmembrane proteins and enzymes of these activation pathways are unclear.
I have shown here that inositol lipid breakdown in PHA and CD3 monoclonal
antibody stimulated T lymphocytes and Jurkat leukaemia cells was not affected
by two highly selective 5-LO inhibitors MK886 and BWA4C. Furthermore, LTs
generation was not detected following PHA and CD3 monoclonal antibody
stimulation of T lymphocytes.These results imply that in case of the primary
activation of T lymphocytes by mitogen, LTs are not involved in the coupling of
cell-surface receptors to the inositol lipid signalling system.
The data here suggest that different classes of antioxidant compounds including

some LO inhibitors abrogate the coupling of cell-surface receptors to the inositol
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lipid signalling pathway in T lymphocytes. The effects of antioxidant
compounds on inositol lipid breakdown were not attributable to irreversible
damage to a component of the signal transduction machinery in T lymphocyte.
Since these compounds did not have a direct action on the PtdIns 4,5-P, specific
PLC which catalyses inositol lipid breakdown and because méjority of them did
not perturb activation of this pathway in Jurkat cells, I propose that the target
" for these compounds is an antioxidant-sensitive regulatory step in the coupling
mechanism of T lymphocytes.

Others have shown that several aspects of T lymphocyte activation, including
lymphokine secretion (Chaudhri et al 1988; Sekkat et al 1988), DNA synthesis
(Novogrodsky et al 1982) and Ca* fluxes(Dornand et al 1989) are also impaired
by antioxidants .The experiments described here identify one possible site of
action of these agents and the data here suggest that the generation of an
oxidative metabolite may play a role in the activation of the inositol lipid
signalling system following the ligation of cell-surface receptor of T lymphocyte.
Recent evidence suggests that the controlled generation of oxidative metabolites
play critical roles in diverse cellular signalling mechanisms. For example, the
activation of the transcription factor NFkB by tumour necrosis factor is
apparently mediated via the production of oxygen-centred free radicals (Shreck
et al 1991). Redox reaction are also involved in the regulation of the AP-1
transcription factor (Abate et al 1990). The generation of the free radical nitric
oxide is involved in inter- and intra- cellular signalling mechanisms in different
cell types (Radomski et al 1990; Furlong et al 1987; Hibbs et al 1988; Moncada

et al 1989). PHA and phorbol ester treatment of T lymphoid cells lead to
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oxidative product generation as evaluated by flow cytoflurometric-studies
(Sekkat et al 1988). Therefore, the coupling mechanism involved in T cell
activation may represent a further example of the expanding role of regulated
free radical generation in signalling processes. However, I was unable to
characterize the putative oxidative metabolite involved in signal transduction

in T lymphocyte.

7.2 Heterogeneity among different T cell types in coupling mechanisms

with respect to antioxidant sensitivity.

The data here also suggest a heterogeneity among different T cell types in
coupling mechanisms with respect to antioxidant sensitivity, since stimulation
of inositol phosphate generation in Jurkat cells was not impaired by several of
the antioxidants which are active on T lymphocytes. Heterogeneity in other
aspects of the coupling mechanism have also been suggested by others. For
example, activation of the inositol lipid signalling system was inhibited as the
result of prior activation of PKC by phorbol ester in Jurkat cells but not in
normal human T lymphocytes (Ward et al 1990). The different antioxidant
sensitivity of OKT3-and PHA- mediated inositol phosphate generation in Jurkat
cells and T lymphocytes may be a consequence of the different possible
structural forms of the T cell receptor (Wegener et al 1992) or of different
regulatory mechanisms acting on the isoenzymes of Ptd Ins4,5-P2 specific PLC
(Rhee et al 1989).

Most importantly the resistance of ligand-activated inositol lipid breakdown to
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antioxidants in Jurkat cells provides strong evidence that the action of these
agents on the analogous process in T lymphocytes was not merely attributable
to non-specific effects. It would be of interest to determine whether putative role
of free radicals species suggested here is restricted to T lymphoid cells or is a

general feature of other growth factor signalling pathways as well.

7.3 Modulation of normal and malignant haemopoietic cell proliferation

by LTs.

LTs have been shown to modulate the growth of several types of normal and
malignant cells (Fischer et al 1982). Exogenous LTs have been shown to
enhance DNA synthesis in different types of tissues (Baud et al 1987).

Some authors have suggested that endogenous generation of LTs may play a
role in the regulation of the proliferation of both normal and malignant
haematopoietic cells (Snyder et al 1989; Ondrey et al 1989; Tsukada et al 1986;
Pasquale et al 1991).

I have therefore studied the effects of 5-LO inhibitors on the proliferation of
normal and malignant haematopoietic cells.The data here show that the three
different LO inhibitors NDGA, piriprost, and BW755C suppressed DNA
synthesis and proliferation of leukaemic cell lines, freshly isolated acute myeloid
leukaemia blasts, ligand stimulated Tlymphocytes and normal bone marrow
cells. However, two highly selective 5-L.O antagonists, BWA4C and MK886, did
not impair either function in normal and malignant haematopoietic cells. By

contrast, MK886 inhibited a subset of freshly isolated acute myeloid leukaemia
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blasts suggesting the intriguing possibility that some myeloid blasts may
depend on endogenous LT generation for DNA synthesis.

Taken together with the findings that T lymphocytes and HL60 cells produced
virtually undetectable levels of LTs (Goerig et al 1989), the data presented here
suggest strongly that the actions of NDGA, piriprost and BW755C on normal
" and malignant haemopoietic cells are attributable to a property other than
inhibition of 5-LLO, and that the endogenous generation of L'Ts does not play a
significant role in the regulation of their proliferation. Recently, exogenous LTs
have been shown to enhance the proliferation of non malignant cells, including
T lymphocytes (Atluru et al 1986),fibroblasts (Baud et al 1987) and glomerular
epithelial cells (Baud et al 1985). Furthermore, myeloid colony formation by
normal human bone marrow cells in vitro was also inhibited by LO antagonists
(Pasquale et al) suggesting that endogenous LTs generation by normal bone
marrow cells may play a role in initiating the proliferation of colony-forming
cells. It is plausible that the suggested role of LTs in proliferation may,
however, be dependant at least in part on accessary cells; tumour necrosis
factor- or IL-1- stimulated generation of GM-CSF by two stromal lines is
impaired by the LO inhibitors NDGA and caffeic acid, and LTB4 apparently
synergizes IL-1 in inducing GM-CSF (Rizzo et al 1991).

However, the data here suggest that conclusions based on the actions of the 5-
LO inhibitors NDGA, piriprost, and BW755C on proliferation and DNA
synthesis in normal and malignant haematopoietic cells (Snyder et al 1989;

Ondrey et al 1989; Tsukada et al 1986; Atluru et al 1986; Pasquale et al 1991;
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Miller et al 1986) require re-assessment. Experiments using the highly
selective LO inhibitors MK886 and BWA4C will be invaluable in determining
more conclusively whether endogenous LT generation play a role in the

regulation of proliferation of these cells.
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