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CHORIONIC SOMATOMAMMOTROPIN HORMONE SPLICE VARIANTS

This invention relates to novel proteins, termed INSP100 and INSP104, herein identified
as novel splice variants of human Chorionic somatomammotropin hormone 2 (hCS-B:
Q14407) and human Chorionic somatomammotropin hormone 1 (hCS-A; P01243)
respectively and to the use of these proteins and nucleic acid sequences from the encoding
genes 1n the diagnosis, prevention and treatment of disease. The variants have an altered

A-B loop and are therefore predicted to possess altered receptor binding properties.

All publications, patents and patent applications cited herein are incorporated in full by

reference.

BACKGROUND

The process of drug discovery is presently undergoing a fundamental revolution as the era
of functional genomics comes of age. The term "functional genomics" applies to an
approach utilising bioinformatics tools to ascribe function to protein sequences of interest.
Such tools are becoming increasingly necessary as the speed of generation of sequence
data is rapidly outpacing the ability of research laboratories to assign functions to these

protein sequences.

As bioinformatics tools increase in potency and in accuracy, these tools are rapidly
replacing the conventional techniques of biochemical characterisation. Indeed, the
advanced bioinformatics tools used in identifying the present invention are now capable of

outputting results in which a high degree of confidence can be placed.

Various institutions and commercial organisations are examining sequence data as they
become available and significant discoveries are being made on an on-going basis.
However, there remains a continuing need to identify and characterise further genes and

the polypeptides that they encode, as targets for research and for drug discovery.

Alternative pre-mRNA splicing is a major cellular process by which functionally diverse
proteins can be generated from the primary transcript of a single gene, often in tissue

specific patterns.

Experimentally, splice variants are identified by the fortuitous isolation and subsequent
sequencing of variant mRNAs. However, this experimental approach has not been
exhaustively completed for the human transcriptome (since this would require systematic

isolation and sequencing of all mRNAs from all human tissues under all possible



CA 02511777 2005-06-14

WO 2004/056860 PCT/GB2003/0056035

10

15

20

23

30

2

environmental conditions) and due to this experimental limitation there remains a large

number of splice variants which have yet to be identified.

We have used proprietary bioinformatic approaches to perform a purposeful, directed
search for the existence of splice variants of the human growth hormone gene. By this
method the limited data set of experimentally known splice variants can be extended to a

much larger set of predicted splice variants.
ENDOCRINE HORMONES

Hormones regulate a wide variety of physiological functions encompassing intermediary
metabolism, growth and cell differentiation. They have two fundamental mechanisms of
action, depending on their physical chemical characteristics. The lipophilic steroid
hormones and thyroid hormones are hydrophobic and act primarily intracellularly,
modulating gene transcription, whereas the peptide hormones such as adrenaline and
melatonin are hydrophilic and act at the cell membrane, triggering a cascade of signal
transduction events leading to intracellular regulatory effects (Lodish et al. (1995)
Molecular Cell Biology, Scientific American Books Inc., New York, NY, pp. 856-864.

Hormones are produced in specialised cells of the endocrine glands and reach their target
cells by way of the blood circulation. The steroid hormones are derived from cholesterol
by a series of enzymatic reactions that take place in the cytosol and in mitochondria of
primarily cells of the adrenal cortex, ovary, and testis. In some cases the steroid hormone
must be subjected to modification 1n the target tissue, either to be activated or to produce a
more active derivative. Most of the peptide hormones are synthesized in the form of
precursor proteins (prohormones) and are stored in the endocrine cell. Before being
released into the circulation, the prohormone is cleaved to the active hormone. Several
hormones (primarily steroid hormones and thyroid hormones) are transported in the
circulation while bound to specific binding proteins. These proteins serve as hormone

depots, releasing the hormone when needed and also protecting it from rapid inactivation.

Because of the central nature of hormones in the general physiology of H. sapiens, the dys-
regulation of hormonal function has been shown to play a role in many disease processes,
including, but not limited to oncology (Sommer S. and Fuqua S.A. (2001) Semin Cancer
Biol. Oct;11(5):339-52, Bartucc1 M., Morelli C., Mauro L, Ando S., and Surmacz E.
(2001) Cancer Res. Sep 15;61(18):6747-54, Oosthuizen G.M., Joubert G., and du Toit R.S.
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(2001) S. Afr. Med. J. Jul;91(7):576-79, Nickerson T., Chang F., Lorimer D., Smeekens
S.P., Sawyers C.L., and Pollak M. (2001) Cancer Res. Aug 15;61(16):6276-80),
cardiovascular disease ( Liu Y., Ding J., Bush T.L., Longenecker J.C., Nieto F.J., Golden
S.H., and Szklo M. (2001) Am. J. Epidemiol. Sep 15;154(6):489-94), metabolic diseases
(Flyvbjerg A. (2001) Growth Horm. IGF Res. Jun;11 Suppl. A:S115-9, Diamond T., Levy
S., Smith A., Day P. and Manoharan A. (2001) Intern. Med. J. Jul;31(5):272-8, Toprak S.,
Yonem A., Cakir B., Guler S., Azal O., Ozata M., and Corakci A. (2001) Horm.
Res.;55(2):65-70), and inflammation ( McEvoy A.N., Bresnihan B., FitzGerald O., and
Murphy E.P. (2001) Arthritis Rheum. Aug;44(8):1761-7, Lipsett P.A. (2001) Crit. Care
Med. Aug;29(8):1642-4) and CNS related diseases (Bowen R.L. (2001) JAMA. Aug
15;286(7):790-1).

Growth Hormone family

Growth hormone is a member of a family of polypeptide hormones that share structural
similarities and biological activities and are produced in the pituitary glands of all
vertebrates and the placentae of some mammals. Family members include pituitary
prolactin, placental lactogens (also called chorionic somatomammotropins in humans
[hCS]), prolactin-related proteins in ruminants and rodents, proliferins in mice, and

somatolactin in fish.

The genes that encode most members of the GH family comprise five exons and four
introns and appear to have arisen by duplication of a single ancestral gene prior to the
appearance of the vertebrates. Splicing and processing variants have been described for

several members of the family.

The human GH-related gene family located on chromosome 17q22-24 consists of a gene
cluster of highly sequence-conserved genes and a single prolactin gene on chromosome 6
(Owerbach D. et al. Science 1981). The gene cluster includes five structural genes, two
GH and three CS genes, whose expression is tissue specific: hGH-N (N=normal), hGH-V
(V=variant), human chorionic somatomammotropin hormone-like (hCS-L), human
chorionic somatomammotropin A and B (hCS-A and hCS-B) ( Misra-Press, A et al. JBC
1994; Boguszewski C. et al. JBC 1998).

The GH-related family of proteins has shared structural similarities since their tertiary

structures form four oc-helices, also known as a four antiparallel helix bundle. The oc-



10

15

20

25

30

CA 02511777 2005-06-14

WO 2004/056860 PCT/GB2003/0056035

4

helices are tightly packed and arranged in an antiparallel up-up-down-down orientation,

with two long loops linking the parallel pairs.

The hGH/ hCS gene family is important in the regulation of maternal and fetal metabolism
and the growth and development of the fetus. During pregnancy, pituitary GH (hGH-N)
expression in the mother is suppressed; and hGH-V, a GH variant expressed by the
placenta, becomes the predominant GH in the mother. hCS, which is the product of the
hCS-A and hCS-B genes, is secreted into both the maternal and fetal circulations after the
sixth week of pregnancy. hGH-V and hCS act in concert in the mother to stimulate insulin-
like growth factor (IGF) production and modulate intermediary metabolism, resulting in an
increase in the availability of glucose and amino acids to the fetus. In the fetus, hCS acts
via lactogenic receptors and possibly a unique CS receptor to modulate embryonic
development, regulate intermediary metabolism and stimulate the production of IGFs,
insulin, adrenocortical hormones and pulmonary surfactant. hGH-N, which is expressed by
the fetal pituitary, has little or no physiological actions in the fetus until late in pregnancy
due to the lack of functional GH receptors on fetal tissues. hGH-V, which is also a potent
somatogenic hormone, is not released into the fetus. Taken together, studies of the
hGH/hCS gene family during pregnancy reveal a complex interaction of the hormones
with one another and with other growth factors. Additional investigations are necessary to
clarify the relative roles of the family members in the regulation of fetal growth and

development and the factors that modulate the expression of the genes.” (Handwerger S. &

Freemark M. J., Pediatr. Endocrinol. Metab. 2000 Apr;13(4):343-56).

Human growth hormone, also known as somatotropin, is a protein hormone of about 190
amino acids that is synthesized and secreted by cells called somatotrophs in the anterior
pituitary. It 1S a major participant in control of several complex physiologic processes,
including growth and metabolism. Growth hormone is also of considerable interest as a

drug used in both humans and animals.

Growth hormone has two distinct types of effects. Direct effects are the result of growth
hormone binding its receptor on target cells. Fat cells (adipocytes), for example, have
growth hormone receptors, and growth hormone stimulates them to break down
triglyceride and suppresses their ability to take up and accumulate circulating lipids.
Indirect effects are mediated primarily by insulin-like growth factor-1 (IGF-1). The major

role of growth hormone in stimulating body growth is to stimulate the liver and other
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tissues to secrete IGF-1. A majority of the growth promoting effects of growth hormone is
actually due to IGF-1 acting on its target cells. For example, IGF-1 stimulates proliferation
of chondrocytes (cartilage cells), resulting in bone growth. Growth hormone also has
important effects on protein, lipid and carbohydrate metabolism. In some cases, a direct
effect of growth hormone has been clearly demonstrated, in others, IGF-1 is thought to be

the critical mediator, and some cases it appears that both direct and indirect effects are at
play.

In addition to its complex effects on growth, states of both growth hormone deficiency and
excess provide very visible testaments to the role of this hormone in normal physiology.
Such disorders can reflect lesions in either the hypothalamus, the pituitary or in target
cells. A deficiency state can result not only from a deficiency in production of the

hormone, but in the target cell's response to the hormone.

Clinically, deficiency in growth hormone or receptor defects are as growth retardation or
dwarfism. The manifestation of growth hormone deficiency depends upon the age of onset

of the disorder and can result from either heritable or acquired disease.

The etfect of excessive secretion of growth hormone is also very dependent on the age of
onset and 1s seen as two distinctive disorders. Giantism is the result of excessive growth
hormone secretion that begins in young children or adolescents. It is a very rare disorder,

usually resulting from a tumour of somatotropes.

Acromegaly results from excessive secretion of growth hormone in adults. The onset of
this disorder 1s typically insideous. Clinically, an overgrowth of bone and connective tissue
leads to a change in appearance that might be described as having "coarse features". The
excessive growth hormone and IGF-1 also lead to metabolic derangements, including

glucose intolerance.

Growth hormone purified from human cadaver pituitaries has long been used to treat
children with severe growth retardation. More recently, the availability of recombinant
growth hormone has led to several other applications to human and animal populations.
For example, human growth hormone is commonly used to treat children of pathologically
short stature. The role of growth hormone in normal aging remains poorly understood, but
some of the cosmetic symptoms of aging appear to be amenable to growth hormone
therapy. Growth hormone is currently approved and marketed for enhancing milk

production in dairy cattle; another application of growth hormone in animal agriculture is
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treatment of growing pigs with porcine growth hormone. Such treatment has been

demonstrated to significantly stimulate muscle growth and reduce deposition of fat.

As growth hormone plays such a key role in cellular processes, the study of this moiety
and i1ts method of regulation are of key interest. The identification of splice variants of this

hormone would be of great scientific importance.

THE INVENTION

The invention is based on the discovery that the INSP100 is a novel splice variant of
human Chorionic somatomammotropin hormone 2 (hCS-B; Q14407) and that INSP104 is

a novel splice variant of human Chorionic somatomammotropin hormone 1 (hCS-A;
P01243).

In one embodiment of the first aspect of the invention, there is provided a polypeptide
which:

(1) comprises or consists of the amino acid sequence as recited in SEQ ID NO:2, SEQ

ID NO: 6, SEQ ID NO:8, SEQ ID NO:10 or SEQ ID NO:12;

(11) comprises or consists of a fragment of SEQ ID NO:2, SEQ ID NO: 6, SEQ ID
NO:8, SEQ ID NO:10 or SEQ ID NO:12 which fragment comprises or consists of
at least a fragment of the extended portion of exon 2 of INSP100/INSP104 and
wherein the fragment of SEQ ID NO:2, SEQ ID NO: 6, SEQ ID NO:8, SEQ ID
NO:10 or SEQ ID NO:12 functions as a growth hormone or has an antigenic

determinant which is specific to the amino acid sequence as recited in SEQ ID
NO.6; or

(111)  1s a functional equivalent of (i) or (ii).

Preferably, the polypeptide according to this first embodiment of this first aspect of the

imvention

(1) comprises or consists of the amino acid sequence as recited in SEQ ID NO:8, SEQ

ID NO:10 or SEQ ID NO.12:

(11)  is a fragment of SEQ ID NO:8, SEQ ID NO:10 or SEQ ID NO.12 which fragment
comprises or consists of at least a fragment of the extended portion of exon 2 of

INSPI100/INSP104 and wherein the fragment of SEQ ID NO:8, SEQ ID NO:10 or

SEQ ID NO:12 functions as a growth hormone or has an antigenic determinant
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which 1s specific to the amino acid sequence as recited in SEQ ID NO.6; or
(1)  1s a functional equivalent of (1) or (ii).

Preterably, the polypeptides of the invention function as a growth hormone or have an

antigenic determinant which is specific to the amino acid sequence as recited in SEQ ID
NO.6.

The polypeptide having the sequence recited in SEQ ID NO:2 is referred to hereafter as
"the INSP100 exon 2nov polypeptide" or "the INSP104 exon 2nov polypeptide". The
polypeptide having the sequence recited in SEQ ID NO:4 is referred to hereafter as "the
INSP100 exon 3nov polypeptide" or "the INSP104 exon 3nov polypeptide”. The
polypeptide having the sequence recited in SEQ ID NO:6 is referred to hereafter as "the
INSP100 contiguous exon 2nov-3nov polypeptide” or "the INSP104 contiguous exon
2nov-3nov polypeptide". The polypeptide having the sequence recited in SEQ ID NO:8 is
referred to hereafter as "the INSP100 full length polypeptide". The polypeptide having the
sequence recited i SEQ ID NO:10 is referred to hereafter as "the INSP100 full length
mature polypeptide" or "the INSP104 full length mature polypeptide". The polypeptide
having the sequence recited in SEQ ID NO:12 is referred to hereafter as "the INSP104 full
length polypeptide".

The term “INSP100 polypeptides” as used herein includes polypeptides comprising or
consisting of the INSP100 eﬁon 2nov polypeptide, the INSP100 exon 3nov polypeptide,
the INSP100 contiguous exon 2nov-3nov polypeptide, the INSP100 full length
polypeptide, and the INSP100 full length mature polypeptide.

The term “INSP104 polypeptides” as used herein includes polypeptides comprising or
consisting of the INSP104 exon 2nov polypeptide, the INSP104 exon 3nov polypeptide,
the INSP104 contiguous exon 2nov-3nov polypeptide, the INSP104 full length
polypeptide, and the INSP100 full length mature polypeptide.

Figure 2 compares the splicing pattern of Q14407 Chorionic somatomammotropin
hormone 2 (hCS-B) from H.sapiens with the splicing pattern of the novel splice variant
INSP100.  Figure 2 also compares the splicing pattern of P01243 Chorionic
somatomammotropin hormone 1 (hCS-A) from H.sapiens with the splicing pattern of the
novel splice variant INSP104. The novel splice variants INSP100 and INSP104 both have

an extended exon2 (2nov) and a truncated exon3 (3nov).
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The diagram also displays the main secondary structure elements based on pituitary growth
hormone (GH-N). GH-N is composed of four alpha helices (A, B, C and D), and of
particular importance is the “A-B loop” which connects helix A to helix B. The A-B loop
1s a critical component of the GH-N interaction surface which binds the Growth Hormone
receptor (Well JA, PNAS vo0l.93,pp. 1-6 1996 Binding in the growth hormone receptor
complex).

It can be seen that the novel splice variants INSP100 and INSP104 have additional
residues inserted in the A-B loop (due to extension of respective exons 2) compared to the
novel splice variant of human Chorionic somatomammotropin hormone 2 (hCS-B;
Q14407) and the known novel splice variant of human Chorionic somatomammotropin
hormone 1 (hCS-A; P01243). Similarly, the truncation of respective exons3 leads to the
removal of some hCS-A and hCS-B residues in the A-B loop. Thus INSP100 and INSP104
differ from hCS-A and hCS-B in the composition of the A-B loop, and since this loop is a
primary determinant in binding to the cognate receptor, INSP100 and INSP104 are
predicted to exhibit altered receptor binding properties (in terms of binding affinity and/or

receptor selectivity, e.g. increased or decreased binding affinity and/or receptor

selectivity).

By “functions as a growth hormone” we refer to polypeptides that comprise amino acid
sequence or structural features that can be identified as conserved features within human
growth hormones, such that the polypeptide’s activity is not substantially affected
detrimentally in comparison to the function of the full length wild type polypeptide (SEQ
ID NOs. 8, 10, or 12). For example, a number of different assays may be used to determine
the effects of human growth hormones on binding (see, for example, Well J.A. PNAS
Vol.93 pp.1-6,1996), including the use of monoclonal antibodies to precipitate 1:1
complexes of growth hormone and receptor, and the hGH-induced dimerization of hGHbp

molecules in solution by the quenching of a fluorescent tag placed near the C terminus of

the hGHbp (see Well J.A. PNAS Vo0l.93 pp.1-6,1996). [hGHbp =extracellular domain of
GH receptor].

Preterably, the polypeptides of the invention have reduced or increased affinity and/or

receptor selectivity vis-a-vis that of human Chorionic somatomammotropin hormone 2

(hCS-B; Q14407) or human Chorionic somatomammotropin hormone 1 (hCS-A; P01243).

By having an “antigenic determinant which is specific to the amino acid sequence as
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recited in SEQ ID NO.6” we refer to antigenic determinants which are possessed by the
polypeptide of SEQ ID NO:6 but which are not possessed by the known human Chorionic
somatomammotropin hormone 2 (hCS-B; Q14407) or the known human Chorionic
somatomammotropin hormone 1 (hCS-A; P01243). Such antigenic determinants may
consist of an amino acid sequence located within the portion of SEQ ID NO:2 which is
encoded by the extended portion of exon 2 or may consist of an amino acid sequence
which spans the junction of SEQ ID NO:2 with SEQ ID NO:4 or may consist of an amino
acid sequence which spans the junction of the portion of SEQ ID NO:2 which is encoded
by the extended portion of exon 2 and the portion of SEQ ID NO:2 which is encoded by
the non-extended portion of exon 2 (i.e. the amino acid sequence which is common to exon
2 ot Q14407 and P01243). As discussed below, such antigenic determinants may be used

to generate ligands, such as polyclonal or monoclonal antibodies, that are immunospecific

for the polypeptides of the invention.

Preferably, the polypeptides of the invention do not comprise one, two or all of the
following amino acid sequences: (i) the amino acid sequence encoded by the complete
exon 3 of Q14407 or P01243; (ii) the fragment of the exon 3 amino acid sequence of
Q14407 or P01243 which is not common to INSP100 or INSP104 or a fragment thereof
(e.g. a fragment which represents at least 50%, 60% 70%, 80%, 90%, 95%, 98%, or 99%
of the fragment of the exon 3 amino acid sequence of Q14407 or P01243 which is not
common to INSP100 or INSP104); (i11) an amino acid sequence having at least 60%, 70%,
80%, 90%, 95%, 98%, 99% sequence identity with any one of these amino acid sequences.
It 1s particularly preferred that the polypeptides of the invention do not comprise one of

these amino acid sequences at the C-terminal end of the amino acid sequence encoded by

SEQ ID NO.2.

The coding sequences encoding human Chorionic somatomammotropin hormone 2,

NM_020991 and human Chorionic somatomammotropin hormone 1, NM 001317 are

specifically excluded from the scope of the present invention.

In a second aspect, the invention provides a purified nucleic acid molecule which encodes

a polypeptide of the first aspect of the invention.

In a first embodiment of this aspect of the invention, the purified nucleic acid molecule
comprises or consists of the nucleic acid sequence as recited in SEQ ID NO:1 (encoding

the INSP100 and INSP104 exon 2nov polypeptides), SEQ ID NO:5 (encoding the
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INSP100 and INSP104 contiguous exon 2nov-3nov polypeptides), SEQ ID NO:7
(encoding the INSP100 full length polypeptide), SEQ ID NO:9 (encoding the INSP100 and
INSP104 full length mature polypeptides) or SEQ ID NO:11 (encoding the INSP104 full

length polypeptide) or is a redundant equivalent or fragment of any one of these sequences.

The invention further provides that the purified nucleic acid molecule consists of the
nucleic acid sequence as recited in SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7, SEQ ID NO:9, SEQ ID NO:11 or is a redundant equivalent or fragment of any one

of these sequences.

The coding sequences encoding human Chorionic somatomammotropin hormone 2 (hCS-
B; Q14407) and human Chorionic somatomammotropin hormone 1 (hCS-A; P01243) are

specifically excluded from the scope of the present invention.

In a third aspect, the invention provides a purified nucleic acid molecule which hybridises
under high stringency conditions with a nucleic acid molecule of the second aspect of the
invention but which does not hybridise under high stringency conditions to P01243 or
Q14407. Pretferably, there is provided a nucleic acid molecule according to the third aspect
of the invention which hybridises under high stringency conditions with SEQ ID NO.1 or
5. Preferably, there is provided a nucleic acid molecule according to the third aspect of the
invention which hybridises with the extended portion of exon 2. In an alternative
embodiment, there is provided a nucleic acid molecule according to the third aspect of the
invention which hybridises, under high stringency conditions with the nucleic acid

sequence which spans the junction between the extended portion of exon 2 and SEQ ID

NO.3.

In a fourth aspect, the invention provides a vector, such as an expression vector, that

contains a nucleic acid molecule of the second or third aspect of the invention.

Preferred examples of vectors include: pDONR 221, pEAK12d and plasmid 13685 (see

Examples section).

In a fifth aspect, the invention provides a host cell transformed with a vector of the fourth

aspect of the invention.

In a sixth aspect, the invention provides a ligand which binds specifically to growth

hormones of the first aspect of the invention.

Ligands to a polypeptide according to the invention may come in various forms, including
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natural or modified substrates, enzymes, receptors, small organic molecules such as small
natural or synthetic organic molecules of up to 2000Da, preferably 800Da or less,
peptidomimetics, inorganic molecules, peptides, polypeptides, antibodies, structural or

functional mimetics of the aforementioned.

Such compounds may be identified using the assays and screening methods dislcosed

herein.

In a seventh aspect, the invention provides a compound that is effective to alter the
expression of a natural gene which encodes a polypeptide of the first aspect of the

invention or to regulate the activity of a polypeptide of the first aspect of the invention.

A compound of the seventh aspect of the invention may either increase (agonise) or

decrease (antagonise) the level of expression of the gene or the activity of the polypeptide.

Importantly, the identification of the function of the INSP100 and INSP104 polypeptides
allow for the design of screening methods capable of identifying compounds that are
eifective in the treatment and/or diagnosis of disease. Ligands and compounds according to
the sixth and seventh aspects of the invention may be identified using such methods. These

methods are included as aspects of the present invention.

In an eighth aspect, the invention provides a polypeptide of the first aspect of the
invention, or a nucleic acid molecule of the second or third aspect of the invention, or a
vector of the fourth aspect of the invention, or a ligand of the sixth aspect of the invention,
or a compound of the seventh aspect of the invention, for use in therapy or diagnosis of a
disease 1n which human growth hormone is implicated. Such diseases and disorders may
include reproductive disorders, preganancy disorder, such as gestational trophoblastic
disease, developmental disorders such as Silver-Russell syndrome, growth disorders,
growth hormone deficiency, Cushing's disease, endocrine disorders, cell proliferative
disorders, including neoplasm, carcinoma, pituitary tumour, ovary tumour, melanoma,
lung, colorectal, breast, pancreas, head and neck, placental site trophoblastic tumor,
adenocarcinoma, choriocarcinoma, osteosarcoma and other solid tumours; angiogeneisis,
myeloproliferative  disorders; autoimmune/inflammatory disorders; cardiovascular
disorders; neurological disorders, pain; metabolic disorders including diabetes mellitus,
osteoporosis, and obesity, cachexia, AIDS, renal disease; lung injury; ageing; infections
including viral infection, bacterial infection, fungal infection and parasitic infection, and

other pathological conditions. Preferably, the disease is one in which endocrine function,
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particularly growth hormones are implicated (see, for example, Arato G., Fulop V., Degrell
P., Szigetvari 1. Pathol. Oncol. Res. 2000 6(4):292-4; Hitchins M.P., Stanier P., Preece
M.A. and Moore GE., J. Med. Genet. 2001 Dec 38(12):810-9; Rhoton-Vlasak A. Wagner
J.M., Rutgers J.L., Baergen R.N., Young R.H., Roche P.C., Plummer T.B. and Gleich G.J .
Hum Pathol 1998 Mar 29(3):280-8; Llovera M., Pichard C., Bernichtein S., Jeay S.,
Touraine P., Kelly P.A. and Goffin V., Oncogene, 2000 Sep 28 19(41):4695-705; Savage
M.O., Scommegna S., Carroll P.V., Ho J.T., Monson J.P., Besser G.M. and Grossman AB.,
Horm. Res. 2002 58 Suppl 1:39-43; Aimaretti G., Corneli G., Bellone S., Baffoni C.,
Camanni F. and Ghigo E., J. Pediatr. Endocrinol. Metab. 2001 14 Suppl 5:1233-42: Berger
P., Untergasser G., Hermann M., Hittmair A., Madersbacher S. and Dirnhofer S., Hum.
Pathol. 1999 Oct 30(10):1201-6; Hamilton J., Chitayat D., Blaser S., Cohen L.E., Phillips
J.A. 3rd and Daneman D., Am. J. Med. Genet. 1998 Nov 2 80(2):128-32: Gonzalez-
Rodriguez E., Jaramillo-Rangel G. and Barrera-Saldana H.A., Am. J. Med. Genet. 1997
Nov 12 72(4):399-402; Perez Jurado L.A., Argente J., Barrios V., Pozo J., Munoz M.T.,
Hernandez M. and Francke U., J. Pediatr. Endocrinol. Metab. 1997 Mar-Apr 10(2):185-90;
Saeger W. and Lubke D., Endocr. Pathol. 1996 Spring 7(1):21-35; Conzemius M.G.,
Graham J.C., Haynes J.S. and Graham C.A., Am. J. Vet. Res. 2000 Jun 61(6):646-50;
Bartlett D.L., Charland S., Torosian M.H., Cancer 1994 Mar 1 73(5):1499-504). These
molecules may also be used in the manufacture of a medicament for the treatment of such
disorders.

These moieties of the first, second, third, fourth, fifth, sixth or seventh aspectS of the
invention may also be used in the manufacture of a medicament for the treatment of such

diseases.

In a ninth aspect, the invention provides a method of diagnosing a disease in a patient,
comprising assessing the level of expression of a natural gene encoding a polypeptide of
the first aspect of the invention or the activity of a polypeptide of the first aspect of the
invention in tissue from said patient and comparing said level of expression or activity to a
control level, wherein a level that is different to said control level is indicative of disease.
Such a method will preferably be carried out in vitro. Similar methods may be used for
monitoring the therapeutic treatment of disease in a patient, wherein altering the level of
expression or activity of a polypeptide or nucleic acid molecule over the period of time

towards a control level is indicative of regression of disease.

A preferred method for detecting polypeptides of the first aspect of the invention
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comprises the steps of: (a) contacting a ligand, such as an antibody, of the sixth aspect of
the invention with a biological sample under conditions suitable for the formation of a

ligand-polypeptide complex; and (b) detecting said complex.

A number of different methods according to the ninth aspect of the invention exist, as the
skilled reader will be aware, such as methods of nucleic acid hybridization with short
probes, point mutation analysis, polymerase chain reaction (PCR) amplification and
methods using antibodies to detect aberrant protein levels. Similar methods may be used
on a short or long term basis to allow therapeutic treatment of a disease to be monitored in

a patient. The mvention also provides kits that are useful in these methods for diagnosing

disease.

Preferably, the disease diagnosed by a method of the ninth aspect of the invention is a

disease in which human growth hormone is implicated.

In a tenth aspect, the invention provides for the use of the polypeptides of the first aspect
of the invention as a growth hormone or as a modulator of growth hormone activity.
Suitable uses of the polypeptides of the invention as growth hormones include use as a.
regulator of cellular growth, metabolism or differentiation, use as part of a receptor/ligand

pair and use as a diagnostic marker for a physiological or pathological condition.

As discussed above, a number of different assays may be used to determine the effects of
human Growth Hormones on binding (see, for example, Well J.A. PNAS Vol.93 pp.1-
6,1996), including the use of monoclonal antibodies to precipitate 1:1 complexes of growth
hormone and receptor, and the hGH-induced dimerization of hGHbp molecules in solution
by the quenching of a fluorescent tag placed near the C terminus of the hGHbp (see Well
J.A. PNAS Vol.93 pp.1-6,1996). [hGHbp =extracellular domain of GH receptor]

In an eleventh aspect, the invention provides a pharmaceutical composition comprising a
polypeptide of the first aspect of the invention, or a nucleic acid molecule of the second or
third aspect of the invention, or a vector of the fourth aspect of the invention, or a ligand of
the sixth aspect of the invention, or a compound of the seventh aspect of the invention, in

conjunction with a pharmaceutically-acceptable carrier.

In a twelfth aspect, the present invention provides a polypeptide of the first aspect of the
mvention, or a nucleic acid molecule of the second or third aspect of the invention, or a

vector of the fourth aspect of the invention, or a ligand of the sixth aspect of the invention,
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or a compound of the seventh aspect of the invention, for use in therapy or diagnosis.
These molecules may also be used in the manufacture of a medicament for the treatment of

a disease.

In a thirteenth aspect, the invention provides a method of treating a disease in a patient
comprising administering to the patient a polypeptide of the first aspect of the invention, or
a nucleic acid molecule of the second or third aspect of the invention, or a vector of the
fourth aspect of the invention, or a ligand of the sixth aspect of the invention, or a

compound of the seventh aspect of the invention.

For diseases in which the expression of a natural gene encoding a polypeptide of the first
aspect of the invention, or in which the activity of a polypeptide of the first aspect of the
invention, is lower in a diseased patient when compared to the level of expression or
activity in a healthy patient, the polypeptide, nucleic acid molecule, ligand or compound
administered to the patient should be an agonist. Conversely, for diseases in which the
expression of the natural gene or activity of the polypeptide is higher in a diseased patient
when compared to the level of expression or activity in a healthy patient, the polypeptide,
nucleic acid molecule, ligand or compound administered to the patient should be an
antagonist. Examples of such antagonists include antisense nucleic acid molecules,

ribozymes and ligands, such as antibodies.
Preferably, the disease is a disease in which human growth hormone is implicated.

In a fourteenth aspect, the invention provides transgenic or knockout non-human animals
that have been transformed to express higher, lower or absent levels of a polypeptide of the
first aspect of the invention. Such transgenic animals are very usetul models for the study
of disease and may also be used in screening regimes for the identification of compounds

that are effective in the treatment or diagnosis of such a disease.

A summary of standard techniques and procedures which may be employed in order to
utilise the invention is given below. It will be understood that this invention is not limited
to the particular methodology, protocols, cell lines, vectors and reagents described. It is
also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and it is not intended that this terminolo gy should limit the
scope of the present invention. The extent of the invention is limited only by the terms of

the appended claims.
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Standard abbreviations for nucleotides and amino acids are used in this specification.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology, microbiology, recombinant DNA technology and

immunology, which are within the skill of those working in the art.

Such techniques are explained fully in the literature. Examples of particularly suitable texts
for consultation include the following: Sambrook Molecular Cloning; A Laboratory
Manual, Second Edition (1989); DNA Cloning, Volumes I and II (D.N Glover ed. 1985);
Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization (B.D. Hames
& S.J. Higgins eds. 1984); Transcription and Translation (B.D. Hames & S.J. Higgins eds.
1984); Animal Cell Culture (R.I. Freshney ed. 1986); Immobilized Cells and Enzymes
(IRL Press, 1986); B. Perbal, A Practical Guide to Molecular Cloning (1984); the Methods
in Enzymology series (Academic Press, Inc.), especially volumes 154 & 155 ;. Gene
Transfer Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987, Cold Spring
Harbor Laboratory); Immunochemical Methods in Cell and Molecular Biology (Mayer and
Walker, eds. 1987, Academic Press, London); Scopes, (1987) Protein Purification:
Principles and Practice, Second Edition (Springer Verlag, N.Y.); and Handbook of
Experimental Immunology, Volumes I-IV (D.M. Weir and C. C. Blackwell eds. 1986).

As used herein, the term "polypeptide" includes any peptide or protein comprising two or
more amino acids joined to each other by peptide bonds or modified peptide bonds, i.e.
peptide isosteres. This term refers both to short chains (peptides and oligopeptides) and to

longer chains (proteins).

The polypeptide of the present invention may be in the form of a mature protein or may be
a pre-, pro- or prepro- protein that can be activated by cleavage of the pre-, pro- or prepro-
portion to produce an active mature polypeptide. In such polypeptides, the pre-, pro- or
prepro- sequence may be a leader or secretory sequence or may be a sequence that is

employed for purification of the mature polypeptide sequence.

The polypeptide of the first aspect of the invention may form part of a fusion protein. For
example, it is often advantageous to include one or more additional amino acid sequences

which may contain secretory or leader sequences, pro-sequences, sequences which aid in

30 purification, or sequences that confer higher protein stability, for example during

recombinant production. Alternatively or additionally, the mature polypeptide may be

fused with another compound, such as a compound to increase the half-life of the



10

15

20

25

30

CA 02511777 2005-06-14

WO 2004/056860 PCT/GB2003/0056035

16
polypeptide (for example, polyethylene glycol).

Polypeptides may contain amino acids other than the 20 gene-encoded amino acids,
modified either by natural processes, such as by post-translational processing or by
chemical modification techniques which are well known in the art. Among the known
modifications which may commonly be present in polypeptides of the present invention
are glycosylation, lipid attachment, sulphation, gamma-carboxylation, for instance of
glutamic acid residues, hydroxylation and ADP-ribosylation. Other potential modifications
include acetylation, acylation, amidation, covalent attachment of flavin, covalent
attachment of a haeme muoiety, covalent attachment of a nucleotide or nucleotide
derivative, covalent attachment of a lipid derivative, covalent attachment of
phosphatidylinositol, cross-linking, cyclization, disulphide bond formation, demethylation,
formation of covalent cross-links, formation of cysteine, formation of pyroglutamate,
formylation, GPI anchor formation, iodination, methylation, myristoylation, oxidation,
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation, transfer-

RNA mediated addition of amino acids to proteins such as arginylation, and ubiquitination.

Modifications can occur anywhere in a polypeptide, including the peptide backbone, the
amino acid side-chains and the amino or carboxyl termini. In fact, blockage of the amino
or carboxyl terminus in a polypeptide, or both, by a covalent modification is common in
naturally-occurring and synthetic polypeptides and such modifications may be present in

polypeptides of the present invention.

The modifications that occur in a polypeptide often will be a function of how the
polypeptide is made. For polypeptides that are made recombinantly, the nature and extent
of the modifications in large part will be determined by the post-translational modification
capacity of the particular host cell and the modification signals that are present in the
amino acid sequence of the polypeptide in question. For instance, glycosylation patterns

vary between different types of host cell.

The polypeptides of the present invention can be prepared in any suitable manner. Such
polypeptides include isolated naturally-occurring polypeptides (for example purified from
cell culture), recombinantly-produced polypeptides (including fusion proteins),
synthetically-produced polypeptides or polypeptides that are produced by a combination of

these methods.

The functionally-equivalent polypeptides of the first aspect of the invention may be



10

15

20

25

30

CA 02511777 2005-06-14

WO 2004/056860 PCT/GB2003/0056035

17

polypeptides that are homologous to the INSP100 polypeptides or the INSP104
polypeptides. Two polypeptides are said to be "homologous", as the term 1s used herein, if
the sequence of one of the polypeptides has a high enough degree of identity or similarity
to the sequence of the other polypeptide. "Identity" indicates that at any particular position
in the aligned sequences, the amino acid residue is identical between the sequences.
"Similarity" indicates that, at any particular position in the aligned sequences, the amino
acid residue is of a similar type between the sequences. Degrees of identity and similarity
can be readily calculated (Computational Molecular Biology, Lesk, A.M., ed., Oxford
University Press, New York, 1988; Biocomputing. Informatics and Genome Projects,
Smith, D.W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence
Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and

Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New
York, 1991).

Homologous polypeptides therefore include natural biological variants (for example,
allelic variants or geographical variations within the species from which the polypeptides
are derived) and mutants (such as mutants containing amino acid substitutions, insertions
or deletions) of the INSP100 polypeptides and of the INSP104 polypeptides. Such mutants
may include polypeptides in which one or more of the amino acid residues are substituted
with a conserved or non-conserved amino acid residue (preferably a conserved amino acid
residue) and such substituted amino acid residue may or may not be one encoded by the
genetic code. Typical such substitutions are among Ala, Val, Leu and Ile; among Ser and
Thr; among the acidic residues Asp and Glu; among Asn and Gln; among the basic
residues Lys and Arg; or among the aromatic residues Phe and Tyr. Particularly preferred
are variants in which several, i.e. between 5 and 10, 1 and 5, 1 and 3, 1 and 2 or just 1
amino acids are substituted, deleted or added in any combination. Especially preferred are
silent substitutions, additions and deletions, which do not alter the properties and activities
of the protein. Also especially preferred in this regard are conservative substitutions. Such
mutants also include polypeptides in which one or more of the amino acid residues

includes a substituent group.

Typically, greater than 30% identity between two polypeptides is considered to be an
indication of functional equivalence. Preferably, functionally equivalent polypeptides of

the first aspect of the invention have a degree of sequence identity with the INSP100
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polypeptide or the INSP104 polypeptide, or with active fragments thereof, of greater than
90% over the full length of the INSP100 or INSP104 sequence. More preferred
polypeptides have degrees of identity of greater than 92%, 95%, 98% or 99% over the full
length of the INSP100 sequence or of the INSP104 sequence, respectively.

Preferably, the functionally equivalent polypeptides of the present invention comprise the
amino acid sequence encoded by the extended portion of exon 2, SEQ ID NO.2 or SEQ ID
NO.4. In an alternative embodiment, it is preferred that the functionally equivalent
polypeptides of the present invention comprise a sequence which is at least 85%, 90%,
95%, 9% or 99% sequence identity to the amino acid sequence encoded by the extended
portion of exon 2, SEQ ID NO.2 or to SEQ ID NO.4. In yet an another embodiment, it is
preferred that the functionally equivalent polypeptides of the invention comprise a
fragment which corresponds to at least 50%, 60%, 70%, 80%, 90% or 95% of the amino
acid sequence encoded by the extended portion of exon 2 or which corresponds to at least
S0%, 60%, 70%, 80%, 90% or 95% of a sequence having at least 85%, 90%, 95%, 97% or
99% sequence identity with the amino acid sequence encoded by the extended portion of

exon 2.

Suitably, the functionally equivalent polypeptides of the invention function as a growth

hormone or has an antigenic determinant which is specific to the amino acid sequence as

recited in SEQ ID NO.6.

The functionally-equivalent polypeptides of the first aspect of the invention may also be
polypeptides which have been identified using one or more techniques of structural
alignment. For example, the Inpharmatica Genome Threader™ technology that forms one
aspect of the search tools used to generate the Biopendium search database may be used
(see WO 01/69507) to identify polypeptides of presently-unknown function which, while
having low sequence identity as compared to the INSP100 polypeptide or to the INSP104
polypeptide, are predicted to be growth hormone proteins, said method utilising a
polypeptide of the first aspect of the invention, by virtue of sharing significant structural
homology with the INSP100 or INSP104 polypeptide sequences. By "significant structural
homology" is meant that the Inpharmatica Genome Threader ™ predicts two proteins to

share structural homology with a certainty of at least 10% and above.

The polypeptides of the first aspect of the invention also include fragments of the INSP100
polypeptides and fragments of the functional equivalents of the INSP100 polypeptides,
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provided that those fragments retain growth hormone activity or have an antigenic

determinant in common with the INSP100 polypeptides.

The polypeptides of the first aspect of the invention also include fragments of the INSP104
polypeptides and fragments of the functional equivalents of the INSP104 polypeptides,
provided that those fragments retain growth hormone activity or have an antigenic

determinant in common with the INSP104 polypeptides.

As used herein, the term "fragment" refers to a polypeptide having an amino acid sequence
that is the same as part, but not all, of the amino acid sequence of the INSP100 or INSP104
polypeptides or one of its functional equivalents. The fragments should comprise at least n
consecutive amino acids from the sequence and, depending on the particular sequence, n
preferably 1s 7 or more (for example, 8, 10, 12, 14, 16, 18, 20, 25 or more). Small

fragments may form an antigenic determinant.

Such fragments may be "free-standing", i.e. not part of or fused to other amino acids or
polypeptides, or they may be comprised within a larger polypeptide of which they form a
part or region. When comprised within a larger polypeptide, the fragment of the invention
most preferably forms a single continuous region. For instance, certain preferred
embodiments relate to a fragment having a pre - and/or pro- polypeptide region fused to
the amino terminus of the fragment and/or an additional region fused to the carboxyl
terminus of the fragment. However, several fragments may be comprised within a single

larger polypeptide.

The polypeptides of the present invention or their immunogenic fragments (comprising at
least one antigenic determinant) can be used to generate ligands, such as polyclonal or
monoclonal antibodies, that are immunospecific for the polypeptides. Such antibodies may
be employed to isolate or to identify clones expressing the polypeptides of the invention or
to purtfy the polypeptides by affinity chromatography. The antibodies may also be
employed as diagnostic or therapeutic aids, amongst other applications, as will be apparent

to the skilled reader.

The term "immunospecific" means that the antibodies have substantially greater affinity

for the polypeptides of the invention than their affinity for other related polypeptides in the

30 prior art. As used herein, the term "antibody" refers to intact molecules as well as to

fragments thereof, such as Fab, F(ab')2 and Fv, which are capable of binding to the

antigenic determinant in question. Such antibodies thus bind to the polypeptides of the first
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aspect of the invention.

The term "immunospecific" means that the antibodies have substantially greater affinity
for the polypeptide of SEQ ID NO:8 or SEQ ID NO:10 than for the known human Chorionic
somatomammotropin hormone 2 (hCS-B; Q14407). The term "immunospecific" also
means that the antibodies have substantially greater affinity for the polypeptide of SEQ ID

NO:10 or SEQ ID NO:12 than for the known human Chorionic somatomammotropin
hormone 1 (hCS-A; P01243).

By “substantially greater affinity” we mean that there is a measurable increase in the
affinity for the polypeptide of SEQ ID NO:8 or SEQ ID NO:10 as compared with the affinity
for hCS-B (Q14407). Preferably, the affinity is at least 1.5-fold, 2-fold, 5-fold 10-fold,
100-fold, 10°-fold, 10*-fold, 10°-fold or 10°-fold greater for the polypeptide of SEQ ID
NO:8 or SEQ ID NO:10 than for hCS-B (Q14407).

By “substantially greater affinity” we also mean that there is a measurable increase in the
affinity for the polypeptide of SEQ ID NO:10 or SEQ ID NO:12 as compared with the
affinity for hCS-A (P01243). Preferably, the affinity is at least 1.5-told, 2-fold, 5-fold 10-
fold, 100-f01d, 10°-fold, 10*-fold, 10°-fold or 10°-fold greater for the polypeptide of SEQ
ID NO:10 or SEQ ID NO:12 than for hCS-A (P01243).

If polyclonal antibodies are desired, a selected mammal, such as a mouse, rabbit, goat or
horse, may be immunised with a polypeptide of the first aspect of the invention. The
polypéptide used to immunise the animal can be derived by recombinant DNA technolo gy
or can be synthesized chemically. If desired, the polypeptide can be conjugated to a carrier
protein. Commonly used carriers to which the polypeptides may be chemically coupled
include bovine serum albumin, thyroglobulin and keyhole limpet haemocyanin. The
coupled polypeptide is then used to immunise the animal. Serum from the immunised
animal is collected and treated according to known procedures, for example by

immunoaffinity chromatography.

Monoclonal antibodies to the polypeptides of the first aspect of the invention can also be
readily produced by one skilled in the art. The general methodology for making
monoclonal antibodies using hybridoma technology is well known (see, for example,
Kohler, G. and Milstein, C., Nature 256: 495-497 (1975); Kozbor et al., Immunology
Today 4: 72 (1983); Cole et al., 77-96 in Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, Inc. (1985).
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Panels of monoclonal antibodies produced against the polypeptides of the first aspect of
the invention can be screened for various properties, i.e., for isotype, epitope, affinity, etc.
Monoclonal antibodies are particularly useful in purification of the individual polypeptides
against which they are directed. Alternatively, genes encoding the monoclonal antibodies
of interest may be isolated from hybridomas, for instance by PCR techniques known in the

art, and cloned and expressed in appropriate vectors.

Chimeric antibodies, in which non-human variable regions are joined or fused to human
constant regions (see, for example, Liu ef al., Proc. Natl. Acad. Sci. USA, 84, 3439
(1987)), may also be of use.

The antibody may be modified to make it less immunogenic in an individual, for example
by humanisation (see Jones ef al., Nature, 321, 522 (1986); Verhoeyen et al., Science, 239,
1534 (1988); Kabat et al., J. Immunol., 147, 1709 (1991); Queen et al., Proc. Natl Acad.
Sci. USA, 86, 10029 (1989); Gorman et al., Proc. Natl Acad. Sci. USA, 88, 34181 (1991);
and Hodgson et al., Bio/Technology, 9, 421 (1991)). The term "humanised antibody", as
used herein, refers to antibody molecules in which the CDR amino acids and selected other
amino acids in the variable domains of the heavy and/or light chains of a non-human donor
antibody have been substituted in place of the equivalent amino acids in a human antibody:.
The humanised antibody thus closely resembles a human antibody but has the binding

ability of the donor antibody.

In a further alternative, the antibody may be a "bispecific" antibody, that is an antibody
having two different antigen binding domains, each domain being directed against a

different epitope.

Phage display technology may be utilised to select genes which encode antibodies with
binding activities towards the polypeptides of the invention either from repertoires of PCR
amplified V-genes of lymphocytes from humans screened for possessing the relevant
antibodies, or from naive libraries (McCafferty, J. et al., (1990), Nature 348, 552-554;
Marks, J. et al., (1992) Biotechnology 10, 779-783). The affinity of these antibodies can
also be improved by chain shuffling (Clackson, T. et al., (1991) Nature 352, 624-628).

Antibodies generated by the above techniques, whether polyclonal or monoclonal, have
additional utility in that they may be employed as reagents in immunoassays,
radioimmunoassays (RIA) or enzyme-linked immunosorbent assays (ELISA). In these

applications, the antibodies can be labelled with an analytically-detectable reagent such as
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a radioisotope, a tluorescent molecule or an enzyme.

Preferred nucleic acid molecules of the second and third aspects of the invention are those
which encode a polypeptide sequence as recited in SEQ ID NO:2, SEQ ID NO:4, SEQ ID
NO: 6, SEQ ID NO:8, SEQ ID NO:10 or SEQ ID NO:12, and functionally equivalent
polypeptides. These nucleic acid molecules may be used in the methods and applications
described herein. The nucleic acid molecules of the invention preferably comprise at least
n consecutive nucleotides from the sequences disclosed herein where, depending on the
particular sequence, n is 10 or more (for example, 12, 14, 15, 18, 20, 25, 30, 35, 40 or

more).

The nucleic acid molecules of the invention also include sequences that are complementary

to nucleic acid molecules described above (for example, for antisense or probing
purposes).

Nucleic acid molecules of the present invention may be in the form of RNA, such as
mRNA, or in the form of DNA, including, for instance cDNA, synthetic DNA or genomic
DNA. Such nucleic acid molecules may be obtained by cloning, by chemical synthetic
techniques or by a combination thereof. The nucleic acid molecules can be prepared, for
example, by chemical synthesis using techniques such as solid phase phosphoramidite
chemical synthesis, from genomic or cDNA libraries or by separation from an organism.
RNA molecules may generally be generated by the in vitro or in vivo transcription of DNA

SCQUCICCS.

The nucleic acid molecules may be double-stranded or single-stranded. Single-stranded
DNA may be the coding strand, also known as the sense strand, or it may be the non-

coding strand, also referred to as the anti-sense strand.

The term "nucleic acid molecule" also includes analogues of DNA and RNA, such as those
containing modified backbones, and peptide nucleic acids (PNA). The term "PNA", as
used herein, refers to an antisense molecule or an anti-gene agent which comprises an
oligonucleotide of at Ieast five nucleotides in length linked to a peptide backbone of amino
acid residues, which preferably ends in lysine. The terminal lysine confers solubility to the
composition. PNAs may be pegylated to extend their lifespan in a cell, where they
preferentially bind complementary single stranded DNA and RNA and stop transcript
elongation (Nielsen, P.E. et al. (1993) Anticancer Drug Des. 8:53-63).
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A nucleic acid molecule which encodes a polypeptide of this invention may be identical to

the coding sequence of one or more of the nucleic acid molecules disclosed herein.

These molecules also may have a different sequence which, as a result of the degeneracy
of the genetic code, encode a polypeptide of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO: 6,
SEQ ID NO:8, SEQ ID NO:10 or SEQ ID NO:12.

Such nucleic acid molecules may include, but are not limited to, the coding sequence for
the mature polypeptide by itself; the coding sequence for the mature polypeptide and
additional coding sequences, such as those encoding a leader or secretory sequence, such
as a pro-, pre- or prepro- polypeptide sequence; the coding sequence of the mature
polypeptide, with or without the aforementioned additional coding sequences, together
with further additional, non-coding sequences, including non-coding 5' and 3' sequences,
such as the transcribed, non-translated sequences that play a role in transcription (including
termination signals), ribosome binding and mRNA stability. The nucleic acid molecules
may also include additional sequences which encode additional amino acids, such as those

which provide additional functionalities.

The nucleic acid molecules of the second and third aspects of the invention may also
encode the fragments or the functional equivalents of the polypeptides and fragments of
the first aspect of the invention. Such a nucleic acid molecule may be a naturally-occurring
variant such as a naturally-occurring allelic variant, or the molecule may be a variant that
1s not known to occur naturally. Such non-naturally occurring variants of the nucleic acid
molecule may be made by mutagenesis techniques, including those applied to nucleic acid

molecules, cells or organisms.

Among variants 1n this regard are variants that differ from the aforementioned nucleic acid
molecules by nucleotide substitutions, deletions or insertions. The substitutions, deletions
or msertions may involve one or more nucleotides. The variants may be altered in coding
or non-coding regions or both. Alterations in the coding regions may produce conservative

or non-conservative amino acid substitutions, deletions or insertions.

The nucleic acid molecules of the invention can also be engineered, using methods
generally known in the art, for a variety of reasons, including modifying the cloning,
processing, and/or expression of the gene product (the polypeptide). DNA shuffling by
random fragmentation and PCR reassembly of gene fragments and synthetic

oligonucleotides are included as techniques which may be used to engineer the nucleotide
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sequences. Site-directed mutagenesis may be used to insert new restriction sites, alter
glycosylation patterns, change codon preference, produce splice variants, introduce

mutations and so forth.

Nucleic acid molecules which encode a polypeptide of the first aspect of the invention may
be ligated to a heterologous sequence so that the combined nucleic acid molecule encodes
a fusion protein. Such combined nucleic acid molecules are included within the second or
third aspects of the invention. For example, to screen peptide libraries for inhibitors of the
activity of the polypeptide, it may be useful to express, using such a combined nucleic acid
molecule, a fusion protein that can be recognised by a commercially-available antibody. A
fusion protein may also be engineered to contain a cleavage site located between the
sequence of the polypeptide of the invention and the sequence of a heterologous protein so

that the polypeptide may be cleaved and purified away from the heterologous protein.

The nucleic acid molecules of the invention also include antisense molecules that are
partially complementary to nucleic acid molecules encoding polypeptides of the present
invention and that therefore hybridize to the encoding nucleic acid molecules
(hybridization). Such antisense molecules, such as oligonucleotides, can be designed to
recognise, specifically bind to and prevent transcription of a target nucleic acid encoding a

polypeptide of the invention, as will be known by those of ordinary skill in the art (see, for
example, Cohen, J.S., Trends in Pharm. Sci., 10, 435 (1989), Okano, J. Neurochem. 56,

5600 (1991); O'Connor, J. Neurochem 56, 560 (1991); Lee et al., Nucleic Acids Res 6, 3073
(1979); Cooney et al., Science 241, 456 (1988); Dervan et al., Science 251, 1360 (1991).

The term "hybridization" as used herein refers to the association of two nucleic acid
molecules with one another by hydrogen bonding. Typically, one molecule will be fixed to
a solid support and the other will be free in solution. Then, the two molecules may be
placed in contact with one another under conditions that favour hydrogen bonding. Factors
that affect this bonding include: the type and volume of solvent; reaction temperature; time
of hybridization; agitation; agents to block the non-specific attachment of the liquid phase
molecule to the solid support (Denhardt's reagent or BLOTTO); the concentration of the
molecules; use of compounds to increase the rate of association of molecules (dextran
sulphate or polyethylene glycol); and the stringency of the washing conditions following

hybridization (see Sambrook et al. [supra]).

The inhibition of hybridization of a completely complementary molecule to a target
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molecule may be examined using a hybridization assay, as known in the art (see, for
example, Sambrook et al [supra)). A s<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>