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A METHOD OF TREATMENT AND AGENTS USEFUL FOR SAME

FIELD OF THE INVENTION

The present invention relates generally to a method of modulating the growth of cells and,
more particularly, to a method of down-regulating the growth of neoplastic cells. The
present invention is useful, infer alia, in the therapeutic and/or prophylactic treatment of
cancers such as, but not limited to, solid cancers such as cancers of the colon, stomach, :

lung, brain, bone, oesophagus, pancreas, breast, ovary or uterus.

BACKGROUND OF THE INVENTION

Bibliographic details of the publications referred to by author in this specification are

collected at the end of the description.

The reference to any prior art in this specification is not, and should not be taken as, an

acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.

Sphingosine kinase is a key regulatory enzyme in a variety of cellular responses.
Sphingosine-1-phosphate is known to be an important second messenger in signal
transduction (Meyer et al., 1997). It is mitogenic in various cell types (Alessenko, 1998)
and appears to trigger a diverse range of important regulatory pathways including
prevention of ceramide-induced apoptosis (Culliver et al., 1996), mobilisation of
intracellular calcium by an IPs-independant pathway, stimulation of DNA synthesis,
activation of mitogen-activated protein (MAP) kinase pathway, activation of

phospholipase D, and regulation of cell motility (for reviews see (Meyer et al., 1997;
Spiegal et al., 1998; Igarashi, 1997)).

Recent studies (Xia et al., 1998) have shown that sphingosine-1-phosphate is an obligatory

signalling itermediate in the inflammatory response of vascular endothelial cells to
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tumour necrosis factor-a (TNFo). In spite of its obvious importance, very little is known
of the mechanisms that control cellular sphingosine-1-phosphate levels. It is known that
sphingosine-1-phosphate levels 1n the cell are mediated largely by its formation from
sphingosine by sphingosine kinase, and to a lesser extent by its degradation by
endoplasmic reticulum-associated sphingosine-1-phosphate lyase and sphingosine-1-
phosphate phosphatase (Spiegal ef al., 1998). Basal levels of sphingosine-1-phosphate in
the cell are generally low, but can increase rapidly and transiently when cells are exposed
to mitogenic agents. This response appears correlated with an increase in sphingosine
kinase activity 1n the cytosol and can be prevented by addition of the sphingosine kinase
inhibitory molecules N, N-dimethylsphingosine and DL-tAreo-dihydrosphingosine. This
indicates that sphingosine kinase is an important molecule responsible for regulating
cellular sphingosine-1-phosphate levels. This places sphingosine kinase in a central and

obligatory role in mediating the effects attributed to sphingosine-1-phosphate in the cell.

Sphigosine kinase is speculated to play a role in a number of cellular activities including
inflammation, calcium mobilisation, cell motility and adhesion molecule expression.
However, the precise nature of the cellular activities which are so regulated and the role
and mechanistic actions of sphingosine kinase in this regard are only just beginning to be
understood. Many of the signals leading to modulation of various cellular activities have
not been precisely defined. Elucidating these cellular signalling mechanisms IS necessary
for the development of therapeutic and prophylactic strategies to disease conditions

involving aberrant or otherwise unwanted cellular activities.

In work leading up to the present invention, the inventors have determined that the
signalling cascade stimulated by the lipid kinase, sphingosine kinase, plays a major role in
oncogenesis and 1s, 1n fact, by itself oncogenic when its level of activity is too high. Even
in light of preliminary data indicating a role for sphingosine kinase in various cellular
activities, the oncogenic activity of sphingosine kinase is a surprising and completely
unexpected function attributable to this molecule. Identification of the link between

sphingosine kinase and tumour pathogenesis permits the rational design of therapeutic
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and/or prophylactic regimes for modulating cell growth and, further, the identification of a

range of molecules for use in the modulation of cell growth.
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SUMMARY OF THE INVENTION

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

One aspect of the present invention provides a method of modulating the growth of a cell,
said method comprising contacting said cell with an effective amount of an agent for a
time and under conditions sufficient to modulate the functional activity of sphingosine

kinase.

Another aspect of the present invention provides a method of modulating the growth of a
cell, said method comprising contacting said cell with an effective amount of an agent for a

time and under conditions sufficient to modulate the level of functional activity of

sphingosine kinase.

Still another aspect of the present invention provides a method of modulating the
proliferation of a cell, said method comprising contacting said cell with an effective

amount of an agent for a time and under conditions sufficient to modulate the functional

activity of sphingosine kinase.

Still yet another aspect of the present invention provides a method of down-regulating the
proliferation of a cell, said method comprising contacting said cell with an effective
amount of an agent for a time and under conditions sufficient to down-regulate the

functional activity of sphingosine kinase.

Yet still another aspect of the present invention provides a method of up-regulating the
proliferation of a cell, said method comprising contacting said cell with an effective

amount of an agent for a time and under conditions sufficient to up-regulate the functional

activity of sphingosine kinase.
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In a further aspect there is provided a method of down-regulating the proliferation of a
neoplastic cell, said method comprising contacting said neoplastic cell with an effective
amount of an agent for a time and under conditions sufficient to down-regulate the

functional activity of sphingosine kinase.

Another further aspect of , the present invention provides a method of up-regulating the
proliferation of a cell, said method comprising contacting said cell with an effective
amount of an agent, for a time and under conditions sufficient to up-regulate the functional

activity of sphingosine kinase,

Yet another further aspect of the present invention provides a method for the treatment
and/or prophylaxis of a condition characterised by uncontrolled cell proliferation in a
mammal, said method comprising administering to said mammal an effective amount of an
agent for a time and under conditions sufficient to down regulate the functional activity of

sphingosine kinase.

Still another further aspect of the present invention relates to the treatment and/or
prophylaxis of a neoplastic condition in a mammal, said method comprising administering

to said mammal an effective amount of an agent for a time and under conditions sufficient

to down-regulate the functional activity of sphingosine kinase.

Still yet another further aspect of the present invention relates to the use of an agent
capable of modulating the functional activity of sphingosine kinase in the manufacture of a
medicament for the modulation of cell growth in a mammal wherein down-regulation of
the functional activity of said sphingosine kinase down-regulates the subject cell growth

and up-regulation of the functional activity of said sphingosine kinase up-regulates the

subject cell growth.

Yet another aspect relates to agents for use in modulating the functional activity of

sphingosine kinase wherein modulating the functional activity of sphingosine kinase

modulates cell growth.
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In yet another aspect the present invention relates to a pharmaceutical composition
comprising a modulatory agent as hereinbefore defined and one or more pharmaceutically
acceptable carriers and/or diluents. Said modulatory agents are referred to as the active

ingredients.

Yet another aspect of the present invention relates to modulatory agents, as hereinbefore

defined, when used in the method of the present invention.

Still yet another aspect of the present invention relates to diagnostic methodology based on
screening individuals for the presence of sphingosine kinase or mRNA or protein or the
specific forms of sphingosine kinase which are transcribed and/or translated by a given
population of cells. The screening methodology may be directed to qualitative and/or
quantitative sphingosine kinase analysis. This 158 particularly useful, for example, for
determining whether a given individual 1s predisposed to or resistant to diseases/disorders
in which aberrant, unwanted or otherwise inappropriate cell growth is a component of the
disease state and/or i1s predisposed or resistant to the development of certain forms of

aberrant, unwanted or otherwise mappropriate cell growth.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphical representation of the overexpression of SphK in NIH 3T3 cells.
(A) Cytosolic SphK activity was measured in the stable transfected cells with pcDNA3-
SphK-FLAG (SK-3T3) or empty vector alone (N-3T3). (B) Intracellular S1P levels were
measured in [3H] sphingosine-labelled SK-3T3 or N-3T3 cell pools. (C) Proteins from
soluble cell lysates were probed with anti-FLLAG monoclonal antibodies (M2, Kodak).

Figure 2 1s a graphical representation of SphK overexpression accelerates proliferation in
NIH 3T3 cells. (A) Growth curves reveal that SK-3T3 cells (right panel) proliferate more
rapid than N-3T3 cells (left panel). Values are the mean of triplicate determinations and
similar results were obtained in three independent experiments. (B) Cell growth at
saturation density. Cells were counted at absolute confluence (open bars) and 24 h later of
confluence (grey bars), respectively. (C) DMS inhibits SphK overexpression induced
proliferation. Equal numbers of N-3T3 and SK-3T3 cells were cultured in DMEM
containing 10% serum in the presence or absence of DMS (2.5 uM) for 5 days. Media was

replaced every day. Data in (B) and (C) are the means =+ S.D. from three independent

experiments done 1n triplicate.

Figure 3 1s an image of overexpression of SphK induced NIH 3T3 cell transformation.

(A) Focus formation of NIH 3T3 cell transfecants. Cultures transfected with SphK (SK-
3T3) or vector alone (N-3T3) were photographed 12 days after transfection (40x
magnification). (B) Colony formation in soft agar. N-3T3 and SK-3T3 cells were cultured
1n growth medium containing 0.33% agar and fed with the medium containing various
concentrations of DMS every 2 days. Photographs were taken after 2 weeks of cultures
followed by staining with MTT. (C) NIH 3T3 cells were transfected with V12-Ras or v-
Src, SphK activity was measured after 48 h transfection. (D) Focus formation assays were

performed in V12-Ras, v-Src, or SphK transfected NIH 3T3 cells in the absence or
presence of DMS (2.5 uM) over two weeks.
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Figure 4 1s an 1mage of cells overexpressing SphK are tumourigenic. (A) Photograph of
tumours in the NOD/SCID mice injected with SphK-transfected NIH 37T3 cells. (B)
Morphology of a tumour (1nsert) and the paraffin fixed section stained with hematoxalin
and eosin (60x magnification). (C) Whole cell extracts from three individual tumours

5> (lane 4-6) and their peripheral tissues (lane 1-3) and N-3T3 (lane 7) or SK-3T3 cells (lane

8) were analysed by Western blot. The top blot was probed with anti-FLAG antibody and
the bottom with anti-actin antibody (Santa Cruz).
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is predicated, in part, on the determination of a correlation between
cell growth, in particular oncogenesis, and modulation in the level of activity of
sphingosine kinase. The identification of this correlation permits the identification and
rational design of methodology and products for use iﬁ therapy, prophylaxis and diagnosis
of disease conditions characterised by aberrant, unwanted or otherwise inappropriate cell

growth, in particular, uncontrolled oncogene induced proliferation.

Accordingly, one aspect of the present invention provides a method of modulating the
growth of a cell, said method comprising contacting said cell with an effective amount of
an agent for a time and under conditions sufficient to modulate the functional activity of

sphingosine Kinase.

Reterence to "sphingosine kinase" should be understood as including reference to all forms
of sphingosine kinase or derivative, homologue, analogue, equivalent or mimetic thereof or
other molecules having the function of sphingosine kinase and to nucleic acid molecules
encoding sphingosine kinase derivative, homologue, analogue, equivalent or mimetic
thereof. This includes, for example, all protein or nucleic acid forms of sphingosine kinase
or its functional derivative, homologue, analogue, equivalent or mimetic thereof including,
for example, any isoforms which arise from alternative splicing of sphingosine kinase
mRNA or mutants or polymorphic variants of sphingosine kinase. It should also be
understood that reference to a "nucleic acid form of sphingosine kinase" is a reference to a
nucleic acid encoding sphingosine kinase and includes reference to any sphingosine kinase
regulatory element (such as promoters or enhancers) which regulate the expression of
sphingosine kinase and includes regulatory elements which are located at a position other
than between the sphingosine kinase genomic DNA transcription initiation and
determination sites. "Sphingosine kinase" should also be understood to include reference
to any other molecules which exhibit the functional activity of sphingosine kinase. Such
molecules include, for example, endogenously expressed molecules which exhibit

sphingosine kinase functional activity or molecules which have been introduced into the
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body and which mimic at least one of the sphingosine kinase functions. These molecules
may be recombinant, synthetic or naturally occurring. To the extent that it is not specified,
any reference to modulating the activity of sphingosine kinase includes modulating the
expression of a nucleic acid molecule encoding sphingosine kinase or the functional
activity of the sphingosine kinase expression product and should also be understood to

include reference to modulating the expression or functional activity or a sphingosine

kinase functional equivalent or derivative.

Reference to "modulating the functional activity" of sphingosine kinase should be
understood as a reference to up-regulating, down-regulating or otherwise altering any one
or more of the functional activities or sphingosine kinase. This includes, for example,
modulating the occurrence of one or more of the sphingosine kinase functional activities,
modulating the rate at which a given activity is performed, modulating the level at which
an activity 1s performed, modulating the number of activities which are capable of being
performed or modulating the role or extent to which any activity is performed or the nature
of an activity. Changes in the activity of sphingosine kinase can be effected by any one of
a number of means including, but not limited to, post translational modification, associated
proteins or other molecules or translation. Modulating said activity should also be
understood to encompass increasing or decreasing the concentration levels of sphingosine
kinase (for example by modulating expression of sphingosine kinase). In a preferred

embodiment, the subject functional activity is the level of activity of sphingosine kinase.

Accordingly, the present invention more preferably provides a method of modulating the
growth of a cell, said method comprising contacting said cell with an effective amount of
an agent for a time and under conditions sufficient to modulate the level of functional

activity of sphingosine kinase.

As detailed above, the present invention is predicated on the identification of a correlation
between sphingosine kinase functional activity and cell growth, in particular, oncogenic
cell proliferation. Without limiting the present invention to any one theory or mode of

action, the inventors have found that the signalling cascade stimulated by the lipid kinase,
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sphingosine kinase, has a major role in oncogenesis. Specifically, constitutive activation
of sphingosine kinase by overexpression in cells causes cell transformation and tumour
formation, thereby indicating that a wild type human lipid kinase is by itself oncogenic.
Furthermore, sphingosine kinase is also involved in Ras but not v-Src induced
transformation. Finally inhibition of sphingosine kinase activity utilising a sphingosine
kinase inhibitor not only reverses tranformation in cells overexpressing sphingosine kinase
but does so also in Ras transformed cells. In this regard, reference to "modulating" the
growth of a cell should be understood as a reference to up-regulating or down-regulating
the growth of a cell. More specifically, reference to "down-regulating" should be
understood as a reference to preventing, reducing or otherwise inhibiting one or more
aspects of the growth of a cell (including inducing the apoptosis of or otherwise killing a
cell) while reference to "up-regulating" should be understood to have the converse
meaning. Reference to the "growth" of a cell should be understood in its broadest sense to
include reference to all aspects of cell division/proliferation and/or differentiation. In a

particularly preferred embodiment, the subject growth is proliferation.

According to this preferred embodiment, there is provided a method of modulating the
proliferation of a cell, said method comprising contacting said cell with an effective

amount of an agent for a time and under conditions sufficient to modulate the functional

activity of sphingosine kinase.

Still more preferably, there is provided a method of down-regulating the proliferation of a
cell, said method comprising contacting said cell with an effective amount of an agent for a

time and under conditions sufficient to down-regulate the functional activity of

sphingosine kinase.

In still another preferred embodiment, there is provided a method of up-regulating the
proliferation of a cell, said method comprising contacting said cell with an effective
amount of an agent for a time and under conditions sufficient to up-regulate the functional

activity of sphingosine kinase.
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In a most preterred embodiment said proliferation is uncontrolled proliferation such as that
caused by the transformation of a cell. Preferably said transformation is caused by the
upregulation of an oncogene such as Ras or by sphingosine kinase overexpression

oncogenic activity.

Preferably said functional activity 1s the level of sphingosine kinase functional activity.

It should be understood that reference to a "cell" in the context of the present invention is a
reference to any form or type of cell, irrespective of its origin. For example, the cell may
be a naturally occurring normal or abnormal cell or it may be manipulated, modified or
otherwise treated either in vitro or in vivo such as a cell which has been freezed/thawed or
genetically, biochemically or otherwise modified either in vitro or in vivo (including, for
example, cells which are the result of the fusion of two distinct cell types). Preferably, the
cell 1s a neoplastic cell. By "neoplastic cell" is meant a cell exhibiting uncontrolled
proliferation. The neoplastic cell may be a benign cell or a malignant cell. Preferably the
cell 1s malignant. In one particular embodiment, the neoplastic cell is a malignant cell the
proliferation of which would form a solid tumour such as a malignant cell derived from the

colon, stomach, lung, brain, bone, oesophagus or pancreas.

According to this most preferred embodiment there is provided a method of down-
regulating the proliferation of a neoplastic cell, said method comprising contacting said

neoplastic cell with an effective amount of an agent for a time and under conditions

sutficient to down-regulate the functional activity of sphingosine kinase.

Preterably the neoplastic cell 1s a malignant cell derived from the colon, stomach, lung,

brain, bone, oesophagus, pancreas, breast, ovary or uterus.

Still more preferably said malignant cell has become transformed either due to

upregulation of an oncogene such as Ras or due to sphingosine kinase overexpression

oncogenic activity.
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Even more preferably, said functional activity is the level of sphingosine kinase functional

activity.

It should be understood that the cell which is treated according to the method of the present
invention may be located ex vivo or in vivo. By "ex vivo" is meant that the cell has been
removed from the body of a subject wherein the modulation of its growth will be achieved
in vifro. For example, the cell may be a non-neoplastic cell which is to be immortalised by
up-regulating sphingosine kinase activity. In accordance with the preferred aspects of the
present invention, the cell may be a neoplastic cell, such as a malignant cell, located in vivo
(such as in the colon) and the down-regulation of its growth will be achieved by applying
the method of the present invention in vivo to down-regulate the level of sphingosine
kinase functional activity. It should also be understood that where reference is made to a
specific cell type which is located in vivo, such as a malignant colorectal cell, this cell may
be located in the colorectal area of the patient. If a colorectal primary malignancy has
metastasised, the subject colorectal cell may be located in another region of the patient's
body. For example, it may form part of a secondary tumour (metastasis) which is located,

for example, in the liver, lymph node or bone.

Although the preferred method is to down-regulate the proliferation of a neoplastic cell, for
example as a therapeutic treatment for cancer, it may also be desirable to up-regulate cell
growth. For example, it may be desirable to immortalise a population of cells in vitro, to
facilitate their long term in vifro use or, for example, to facilitate the in vitro growth of
tissues such as skin. In another example, it may be useful to adapt cell lines to less

fastidious growth conditions such as a capacity to grow in low serum conditions.

According to this preferred embodiment, the present invention provides a method of up-
regulating the proliferation of a cell, said method comprising contacting said cell with an
effective amount of an agent, for a time and under conditions sufficient to up-regulate the

functional activity of sphingosine kinase.

Preferably, said functional activity is the level of sphingosine kinase functional activity.
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Without Iimiting this aspect of the present invention to any one theory or mode of action,

said up-regulation of cellular proliferation is preferably transformation of the cell via the

up-regulation of sphingosine kinase oncogenic activity.

In this regard, an "effective amount" means an amount necessary to at least partly attain the
desired effect, or to delay the onset of, inhibit the progression of, or halt altogether, the
onset of progression of a disease condition which is being treated. Such amounts will
depend, of course, on the particular conditions being treated, the severity of the condition
and 1ndividual patient parameters including age, physical conditions, size, weight and
concurrent treatment. These factors are well known of those of ordinary skill in the art and
can be addressed with no more than routine experimentation. It is preferred generally that
a maximum dose be used, that is, the highest safe dose according to sound medical
judgement. It will be understood by those of ordinary skill in the art, however, that a lower

dose or tolerable dose may be administered for medical reasons, psychological reasons or

for virtually any other reasons.

Modulation of the activity of sphingosine kinase by the administration of an agent to a cell
can be achieved by one of several techniques including, but in no way limited to,

introducing into said cell an agent (said agent being a proteinaceous or non-proteinaceous

molecule) which directly or indirectly:

(1) modulates the expression of sphingosine kinase; or

(11)  modulates the functional activity of sphingosine kinase expression product.

In this regard, modulation of the functional activity of sphingosine kinase can be achieved

by any one of several techniques, including, but in no way limited to, introducing into said

cell a proteinaceous or non-proteinaceous molecule which directly or indireclty:

(1) modulates synthesis of said sphingosine kinase;

(11)  functions as an antagonist to said sphingosine kinase;
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(1)  functions as an agonist to said sphingosine kinase (including administraiton

sphingosine kinase expression product per se or functional equivalent, derivative,

homologue, analogue or mimetic thereof).

Said proteinaceous molecule may be derived from natural, recombinant or synthetic
sources including fusion proteins or following, for example, natural product screening.
Said non-proteinaceous molecule may be derived from natural sources, such as for
example natural product screening or may be chemically synthesised. The present
invention contemplates chemical analogs of said sphingosine kinase capable of acting as
agonists or antagonists of said sphingosine kinase. Chemical agonists may not
necessarily be derived from said sphingosine kinase but may share certain conformational
similarities. Alternatively, chemical agonists may be specifically designed to mimic
certain physiochemical properties of said sphingosine kinase. Antagonists may be any
compound capable of blocking, inhibiting or otherwise preventing said sphingosine
kinase from carrying out its normal biological functions (for example N,N-
dimethylsphingosine or DL-threo-dihydrosphingosine). Antagonists include monoclonal
antibodies specific for said sphingosine kinase, or parts of said sphingosine kinase, and
antisense nucleic acids which prevent transcription or translation of genes or mRNA in
the subject cells. Modulation of expression may also be achieved utilising antigens,
RNA, ribosomes, DNAzymes, RNA aptamers, antibodies or molecules suitable for use

1In Co-suppression.

Said protemaceous or non-proteinaceous molecule may act either directly or indirectly to
modulate the expression of sphingosine kinase or the activity of the sphingosine kinase
expression product. Said molecule acts directly if it associates with the sphingosine kinase
nucleic acid molecule or expression product to modulate expression or activity. Said
molecule acts indirectly if it associates with a molecule other than the sphingosine kinase
nucleic acid molecule or expression product which other molecule either directly or
indirectly modulates the expression or activity of the sphingosine kinase nucleic acid

molecule or expression product. Accordingly, the method of the present invention
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encompasses regulation of sphingosine kinase nucleic acid molecule expression or

expression product functional activity via the induction of a cascade of regulatory steps.

Still without limiting the operation of the present invention to any one theory or mode of

5> action, sphingosine kinase is known to function via a signalling pathway which is

commonly retferred to as the sphingosine kinase signalling pathway. The "sphingosine

kinase signalling pathway" is defined as a signalling pathway which utilises sphingosine

kinase. In terms of indirect modulation of sphingosine kinase functional activity, it should

be understood that the object of the invention could be achieved by modulating the activity

10  of sphingosine kinase signalling pathway components which function either upstream or

downstream of sphingosine kinase, to the extent that it forms part of this pathway. For

example, modulation of said "sphingosine kinase activity" may be achieved by:

(1)
15

(11)
20

(iii)
25

modulation of the catalytic activity of sphingosine kinase by competition with

substrate (for example, sphingosine or ATP);

interference with the catalytic activity of sphingosine kinase by an allosteric
mechanisms (binding to sites on the molecule other than the substrate-binding

sites); or
interfering with enzyme activation, such as by altering:

- post-translational covalent modification such as phosphorylation, lipid

modification
- non-covalent coupling to a required co-activator such as a protein,
lipid or ion

- subcellular localisation of the enzyme.

"Derivatives" include fragments, parts, portions, mutants, variants and mimetics from

30 natural, synthetic or recombinant sources including fusion proteins. Parts or fragments

include, for example, active regions of sphingosine kinase. Derivatives may be derived

from insertion, deletion or substitution of amino acids. Amino acid insertional derivatives
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include amino and/or carboxylic terminal fusions as well as intrasequence insertions of
single or multiple amino acids. Insertional amino acid sequence variants are those in
which one or more amino acid residues are introduced into a predetermined site in the
protein although random insertion is also possible with suitable screening of the resulting
product. Deletional variants are characterized by the removal of one or more amino acids
from the sequence. Substitutional amino acid variants are those in which at least one
residue 1n the sequence has been removed and a different residue inserted in its place. An
example of substitutional amino acid variants are conservative amino acid substitutions.
Conservative amino acid substitutions typically include substitutions within the following
groups: glycine and alanine; valine, 1soleucine and leucine; aspartic acid and glutamic acid;
asparagine and glutamine; serine and threonine; lysine and arginine; and phenylalanine and
tyrosine. Additions to amino acid sequences include fusions with other peptides,

polypeptides or proteins.

Reference to "homologues" should be understood as a reference to sphingosine kinase
nucleic acid molecules or proteins derived from species other than the species being

freated.

Chemical and functional equivalents of sphingosine kinase nucleic acid or protein
molecules should be understood as molecules exhibiting any one or more of the functional
activities of these molecules and may be derived from any source such as being chemically

synthesized or identified via screening processes such as natural product screening.

The derivatives include fragments having particular epitopes or parts of the entire protein

fused to peptides, polypeptides or other proteinaceous or non-proteinaceous molecules.

Analogues contemplated herein include, but are not limited to, modification to side chains,
incorporating of unnatural amino acids and/or their derivatives during peptide, polypeptide
or protein synthesis and the use of crosslinkers and other methods which impose

conformational constraints on the proteinaceous molecules or their analogues.

Derivatives of nucleic acid sequences may similarly be derived from single or multiple

nucleotide substitutions, deletions and/or additions including fusion with other nucleic acid
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molecules. The derivatives of the nucleic acid molecules of the present invention include
oligonucleotides, PCR primers, antisense molecules, molecules suitable for use in

cosuppression and fusion of nucleic acid molecules. Derivatives of nucleic acid sequences

also include degenerate variants.

Examples of side chain modifications contemplated by the present invention include
modifications of amino groups such as by reductive alkylation by reaction with an
aldehyde followed by reduction with NaBHjy; amidination with methylacetimidate;
acylation with acetic anhydride; carbamoylation of amino groups with cyanate;
trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS);
acylation of amino groups with succinic anhydride and tetrahydrophthalic anhydride; and
pyridoxylation of lysine with pyridoxal-5-phosphate followed by reduction with NaBHa,.

The guanidine group of arginine residues may be modified by the formation of
heterocyclic condensation products with reagents such as 2,3-butanedione, phenylglyoxal

and glyoxal.

The carboxyl group may be modified by carbodiimide activation via O-acylisourea

tormation followed by subsequent derivitisation, for example, to a corresponding amide.

Sulphydryl groups may be modified by methods such as carboxymethylation with
iodoacetic acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a
mixed disulphides with other thiol compounds; reaction with maleimide, maleic anhydride
or other substituted maleimide; formation of mercurial derivatives using 4-
chloromercuribenzoate, 4-chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-

chloromercuri-4-nitrophenol and other mercurials; carbamoylation with cyanate at alkaline
pH.

Tryptophan residues may be modified by, for example, oxidation with N-
bromosuccimimide or alkylation of the indole ring with 2-hydroxy-5-nitrobenzy! bromide

or sulphenyl halides. Tyrosine residues on the other hand, may be altered by nitration with

tetranitromethane to form a 3-nitrotyrosine derivative.
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Modification of the imidazole ring of a histidine residue may be accomplished by
alkylation with 10doacetic acid derivatives or N-carboethoxylation with

diethylpyrocarbonate.

5 Examples of incorporating unnatural amino acids and derivatives during protein synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-
hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline,
phenylglycine, ornithine, sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl
alanine and/or D-isomers of amino acids. A list of unnatural amino acids contemplated

10  herein is shown in Table 1.
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5> Non-conventional Code Non-conventional Code

amino acid amino acid
a-aminobutyric acid Abu L~N-methylalanine Nmala
o~amino-o-methylbutyrate = Mgabu L-N-methylarginine Nmarg

10 aminocyclopropane- Cpro L-N-methylasparagine Nmasn
carboxylate | L-N-methylaspartic acid Nmasp
aminoisobutyric acid Alb L-N-methylcysteine Nmcys
aminonorbornyl- Norb L-N-methylglutamine Nmgin
carboxylate L-N-methylglutamic acid Nmglu

15 cyclohexylalanine Chexa L-N-methylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
D-alanine Dal [.-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet

20  D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgln L-N-methylnorvaline Nmnva
D-glutamic acid Dglu I.-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro

25 D-leucine Dileu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
D-methionine Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval

30  D-proline Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug
D-threonine Dthr L-norleucine Nle
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D-tryptophan
D-tyrosine

D-valine
D-a~-methylalanine
D-a-methylarginine
D-a-methylasparagine
D-a-methylaspartate
D-o-methylcysteine
D-a-methylglutamine
D-a-methylhistidine
D-a-methylisoleucine
D-oa-methylleucine
D-o-~-methyllysine
D-o-~-methylmethionine

D-o-methylornithine

D-a-methylphenylalanine

D-a-methylproline
D-o-methylserine
D-o-methylthreonine
D-o~-methyltryptophan
D-o~-methyltyrosine
D-o~-methylvaline
D-N-methylalanine
D-N-methylarginine
D-N-methylasparagine
D-N-methylaspartate
D-N-methylcysteine
D-N-methylglutamine
D-N-methylglutamate
D-N-methylhistidine
D-N-methylisoleucine
D-N-methylleucine
D-N-methyllysine
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Dtrp
Dtyr
Dval
Dmala
Dmarg
Dmasn
Dmasp
Dmcys
Dmgln
Dmbhis
Dmile
Dmleu
Dmlys
Dmmet
Dmorn
Dmphe
Dmpro
Dmser
Dmthr
Dmirp
Dmty
Dmval
Dnmala
Dnmarg
Dnmasn
Dnmasp
Dnmcys
Dnmgln
Dnmglu
Dnmbhis
Dnmile
Dnmieu

Dnmlys
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L-norvaline Nva
a~-methyl-aminoisobutyrate Maib
o~-methyl- -aminobutyrate Mgabu
a-methylcyclohexylalanine Mchexa
a-methylcylcopentylalanine Mcpen
o-methyl-o~-napthylalanine Manap
o~-methylpenicillamine Mpen
N-(4-aminobutyl)glycine Nglu
N-(2-aminoethyl)glycine Naeg
N-(3-aminopropyl)glycine Norn
N-amino-o-methylbutyrate Nmaabu
a-napthylalanine - Anap
N-benzylglycine Nphe
N-(2-carbamylethyl)glycine Ngln
N-(carbamylmethyl)glycine Nasn
N-(2-carboxyethyl)glycine Nglu
N-(carboxymethyl)glycine Nasp
N-cyclobutylglycine Ncbut
N-cycloheptylglycine Nchep
N-cyclohexylglycine Nchex
N-cyclodecylglycine Ncdec
N-cylcododecylglycine Ncd<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>