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DIAGNOSTIC AND THERAPEUTIC APPLICATIONS OF SOLUBLE
LHCGR PROTEIN

Field of the Invention

The present invention relates to a soluble luteinising hormone/chorionic

gonadotropin receptor (LHCGR) protein and its use in diagnosis and therapy.

Backeround of the Invention

Introduction

Human reproductive function is fundamentally regulated by hypothalamus-
pituitary hormones (follicle stimulating hormone [FSH] and luteinising hormone
[LH]) which act on ovary and testis to produce mature eggs and spermatozoa,
respectively. These hormones are also vital for steroidogenesis resulting in the
production of oestrogen and testosterone. The establishment and maintenance of
human pregnancy requires an additional set of hormones — progesterone released
from the corpus Iuteum and human chorionic gonadotropin (hCG) secreted from
placenta. The receptors expressed on the surface of target cells for LH and hCG
binding and signalling are identical and are therefore described as the LH/hCG
receptor or LHCGR. The utilisation of a common receptor by two hormones with
distinctly different physiological functions has profound implications in human
reproductive failure, in a variety of pregnancy disorders, and in testicular, ovarian
and breast cancers. The LHCGR gene encodes multiple mRNA species which are
thought to be generated by alternative splicing. Thus, in addition to full-length
functional LHCGR receptor protein, cells produce varjous isoforms including

truncated soluble receptor (sSLHCGR) which are not secreted.
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The reproductive hormones

Reproductive hormones (LH, FSH and hCG) are collectively called gonadotropins
because they stimulate gonads (testes in male and ovaries in female). They play
specific and vital roles in human reproduction. For example, FSH stimulates
sperm production by acting on Sertoli cells of the testis in males, whereas in
females it stimulates maturation of the ovarian follicles. In both sexes, LH induces
the production and secretion of sex steroids from gonads. In males, LH binds to its
receptor on Leydig cells and facilitates the production and secretion of
testosterone. In the ovary, LH binds to thecal cells and stimulates the production
of testosterone which is converted to oestrogen by neighbouring granulosa cells.
Additionally, in females, a surge of LH facilitates the ovulation of mature
follicles. Following ovulation, the remaining cells of the follicle are luteinised by
LH and produce progesterone and oestradiol which are necessary for implantation
of the embryo. Of the three gonadotropins, LH and FSH are secreted by the
anterior pituitary, a gland situated in the brain, while hCG is almost exclusively
released by the placenta (Fig. 1). The major function of hCG in early pregnancy is
to sustain the newly formed corpils luteum on the surface of the ovary, which

produces progesterone in early pregnancy.

Two hormones — one receptor: LH and hCG use a common receptor

The hormone hCG functions by binding to a specific receptor expressed on the
surface of the cell. Because LH and hCG use a common receptor that is encoded
by a single copy ~70 kb LHCGR gene, located at human chromosome 2p21,'3 it
is often referred to as the LH/hCG receptor (LHCGR). Structurally, this receptor
is very similar to thyroid and follicle stimulating hormone receptors. LHCGR has

11 exons and codes for multiple alternatively spliced species (at least 6) of mRNA
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(Fig. 8). Transcription to form these mRNASs is initiated at multiple sites spanning

a region more than a kilobase upstream of the first exon.!

On the basis of structure and topology, LHCGR is a member of the rhodopsin/p-
adrenergic receptor superfamily of G protein-coupled receptors. Agonist binding
to LHCGR allows dissociation of membrane-bound cognate G proteins that
regulate phospholipase C, adenylyl cyclase and ion channels which in turn control

cellular inositol phosphates, cAMP, Ca** and other secondary messengers.*

The largest receptor encoded by the LHCGR gene is a 677-amino acid protein that
has three distinct domains; an unusually large (340 residues) N-terminal
extracellular domain which binds hCG, a serpentine transmembrane region
containing seven repeats connected by three extra- and intracellular loops, and a
C-terminal tail (Fig. 8). The predicted relative molecular mass of this protein is
~75K or higher depending upon the level of glycosylation Moreover,
alternatively spliced mRNAs produce several truncated proteins which have the
ligand binding capacity but are ineffective in transducing signals.5 7 In addition to
testis, ovary and placenta, various isoforms of LHCGR are expressed in uterine
myometrium, vascular endothelial and smooth muscle cells, brain, lymphocytes,

human sperm, macrophages and in various foetal tissues.>%*

Mammalian cells transfected with human LHCGR ¢DNA produce several distinct
species of proteins ranging from M, 45-48K to 165-200K in denaturing
polyacrylamide gels.” 2 The specific function of all of these receptor proteins
remains to be established. However, the accessibility of the M, 85-95K species to
surface biotinylation, protease and glycosidase (neuraminidase), suggests that they
have ligand binding and signal transduction capabilities.”® On the other hand, the
M; 65-75K proteins contain high-mannose type side chains which are susceptible
to endoglycosidase H (Endo H), suggesting that these are immature intracellular
proteins.% 3! Recent studies suggest that the M; 165-200K proteins are LHCGR
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dimers.”® Interestingly, smaller LHCGR species (M, 45-51K) are detected in
human tissues or in cells transfected with mutant rat /hcgr where glycosylation
sites at the extracellular domain are mutated.””” 3235 These smaller species
might represent soluble LHCGR receptor and are most likely to be the translation
products of truncated LHCGR mRNAs,*7-2% 27-29,32-35

Clinical importance of LHCGR

Human infertility and ovarian hyperstimulation

One of the important aspects of the female reproductive cycle is that ovulation is
controlled by a pulsatile secretion of LH (also known as an LH surge) which
varies depending upon the individual. This variability can be clinically controlled
on the basis of our knowledge of the feed-back regulation of LH/FSH secretion.
Briefly, the LH/FSH production in pituitary cells (known as gonadotrophs) is
stimulated by another hormone released from the hypothalamus region of the
brain called gonadotropin releasing hormone (GnRH). However, GnRH
production is inhibited by sex steroids (oestrogen and testosterone). Based on this
knowledge, two types of drugs are used by clinicians to induce ovarian
hyperstimulation: a) drugs that mimic GnRH functions (agonists) and b) drugs
that inhibit GnRH functions (antagonists) (Fig. 1).

In a normal physiological cycle, the ovary is under the control of FSH and LH
released from the pituitary. During ovarian hyperstimulation treatment, this
control is temporarily eliminated, while at the same time ovarian functions are
artificially regulated by exogenously injected FSH and LH. Buserelin and
nafarelin are analogues of GnRH. Given as a single dose, these analogues
stimulate the release of LH and FSH from the pituitary with consequent increase
of ovarian and testicular steroidogenesis. However, repeated dosing of these

analogues has the opposite effect. For instance, when administered twice daily,
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LH/FSH secretion from the pituitary subsides, leading to the suppression of
ovarian function. Cetrorelix is a synthetic hormone that blocks GnRH function
and therefore prevents the production and release of LH/FSH from the pituitary. |
One of the advantages of cetrorelix is that it prevents premature ovulation (egg
release) during ovarian hyperstimulation. GnRH agonists or antagonists, together
with exogenously administered gonadotropins are therefore used in ovarian

hyperstimulation.
Human pregnancy

Compared with other mammals, human pregnancy is unique in that there is
extensive invasion of the uterine myometrium by haemochorial placenta. The
chorionic villi represent the structural and functional units of placenta. Each villus
has a central mesenchymal core surrounded by a layer of multinucleated
syncytotrophoblasts. In addition to transporting nutrients from the maternal blood,
the syncytotrophoblasts produce a variety of steroids, hormones and growth
factors. The key reproductive hormone in regulating mammalian pregnancy is
hCG which is member of a family of glycoprotein hormones including LH, FSH
and thyroid stimulating hormone. Each member of this family functions by
forming a non-covalent heterodimer from two subunits, o and . The o subunit is
synthesized in excess and is common to all members of this family, whereas the B
subunit, which recognizes the cognate receptor, is specific for each hormone. In
humans, the common o subunit is encoded by a single gene on chromosome 6
while there are several copies of the gene encoding hCGp located on chromosome

19.

In human placenta hCG is primarily produced by syncytotrophoblasts and to a
lesser extent by extravillous cytotrophoblasts. One of the earliest endocrine roles
of hCG is to sustain the corpus luteum to produce sufficient progesterone in order

to establish the pregnancy. In addition, hCG facilitates trophoblast differentiation
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and remodelling of the uterine epithelium (decidualisation) and endometrium for
implantation. By acting on vascular smooth muscle and endothelial cells hCG also
plays a role in angiogenesis, and facilitates the invasion of maternal spiral
arterioles. Free hCGP begins to appear in the maternal circulation at around 68
weeks of pregnancy, reaches its peak at 11-13 wks and its serum concentration is
reduced at the later stages of the pregnancy. Interestingly, high serum hCGp
levels at the later stages of pregnancy are often associated with pre-eclampsia,

intra-uterine growth restriction and Down’s syndrome.
Down'’s syndrome and other genetically compromised pregnancies

About 50% of human pregnancies miscarry and one in ﬁve‘ pregnancies fail to
proceed after the first term due to chromosomal abnormalities. Between 10 and
30% of fertilised human eggs are aneuploid (irisomy and monosomy). The
incidence of aneuploidy in human pregnancies is unusually high (1-2%)
compared with other mammals. Monosomies and trisomies together account for
35% of clinically detected spontaneous abortions (6-20 wks of gestation),
stillbirth (4%) and most importantly, are the leading cause of developmental
disability and mental retardation in those surviving such pregnancies. Of all
genetically compromised pregnancies, Down's syndrome (trisomy 21; T21) is the
most frequent (1/700 live births). Although, Edward's (trisomy 18; T18) and
Pautau's (trisomy 13; T13) syndromes are considered relatively rare pregnancy
disorders (1/1800 births), they are as common as cystic fibrosis and more
common than muscular dystrophy and neurofibromatosis. About 30-35% of
foetuses with Down's syndrome fail to reach term and most (85-88%) with
complete Edward’s or Pautau’s syndromes either do not survive pregnancy or fail

to progress beyond six months post-natally.
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Pre-eclampsia

Pre-eclampsia affects 5—7% of pregnant women worldwide. It is the major cause
of maternal mortality (80%) in developing nations and in the recent years, the
peri-natal mortality in developed countries has increased by five-fold. The disease
is clinically recognised by hypertension at mid-late gestation, proteinurea and
intra-uterine growth restriction. These clinical features are often linked to
superficial implantation of the foetus, inadequate placental perfusion and systemic

vascular endothelial dysfunction.

Prior Studies of the LHCGR Receptor

Following the isolation of cDNA clones for LHCGR,! ? a tremendous amount of
work has been published on the characterisation *’ and chromosomal localisation
of the LHCGR gene,’ on alternatively spliced mRNA species produced in tissues

>7 and on the identification of various isoforms of LHCGR proteins >& 1022,

The mature functional LHCGR protein has an unusually large N- terminal domain
consisting of ~340 amino acids and is called the extracellular domain. Several
laboratories have been successful in expressing the recombinant form of this
domain in animal cell culture and the truncated version of LHCGR has been
shown to be released into the cell culture media %> 2”324 Drs. Aaron Hsueh and
Brian Kobilka (Stanford University, California) have patented the application of
the method of producing a recombinant form of the soluble LHCGR for
therapeutic purposes (US Patent described as “Soluble 7-Transmembrane Domain
G-Protein Coupled Receptor Compositions and Methods”, licensed to Procyon
Biopharma, Montreal, 2001)

Hormone and cytokine receptors are integral parts of the cell membrane.

However, as described in this application, the release of truncated or modified
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isoforms of some receptors from cell membranes and their presence in body
fluids, is not unprecedented. Soluble, secreted receptors are generated either by
proteolytic cleavage of the membrane-bound receptor or by translation of
alternatively spliced mRNAs. For example, tumour necrosis factor o (TNF o
United States Patent: 6,663,865; Tumour necrosis factor antagonists and their use
in endometriosis, December 16, 2003 and ref. 39), leukaemia inhibitory factor
receptor, 40 Jeptin 41, 42 and soluble vascular endothelial growth factor receptor
(sFl1t-1) are detected in the serum of pregnant women.>” *® The serum level of sFlt-
1 rises significantly in pre-eclampsia (PE) compared to that of age-matched
control pregnancies. The invention that sFlt-1 could serve as biomarker in
pregnant serum and its application in diagnosis of PE has been patented by Dr.
Richard Levine (Beth Israel Deaconess Medical Center, Boston, Massachusetts,
USA) who has licensed the patent to Scios Inc., an affiliate of Johnson & Johnson.
The major disadvantages of this system are that serum sFlt-1 is not a universal

marker for PE and that the level of sFlt-1 in serum only shows an increase in late

pregnancy.

Brief Description of the Invention

While the published reports suggest that all LHCGR protein isoforms are trapped
inside the cell, **> % the present invention underscores that at least one isoform
(M, 48-50K) is released from the cell and can be detected in the human serum
and follicular fluid. It should be noted, however, that work carried out about 15
years ago suggested that soluble LH receptor may be present in pig, rabbit and
bovine, but not sheep follicular fluid®. Corresponding studies on human material

have never been reported.

The soluble LHCGR protein, the subject of the present invention, has an estimated
molecular weight (M) of about 50K, an estimated length of about 450-470 amino
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acid residues, and appears to contain substantially the entire N-terminal

extracellular domain of the full length (mature) receptor.

We have now discovered an LHCGR isoform that is released from the tissues into
the bloodstream of pregnant women and is also found in the follicular fluid of
those undergoing ovarian hyperstimulation in IVF clinics. Because the soluble
receptor is capable of binding both LH and hCG (LH/CG), it can therefore
incapacitate these ligand hormones before they can interact with the membrane
bound cognate receptor. The conventional measurement of serum LH/hCG
concentrations for diagnosis of various clinical conditions is therefore insufficient
to establish receptor-bound versus free hormone levels. The ability to accurately
measure active LH/hCG in body fluids has multiple diagnostic and therapeutic

applications in clinical reproductive medicine.

In the following description, the soluble LHCGR protein of the present invention
will sometimes be referred to as SLHCGR or LHCGR;. The mature (full length)
LHCGR receptor known in the prior art will sometimes be referred to as
LHCGR,

According to one aspect of the present invention, there is provided an isolated
soluble LHCGR polypeptide comprising the amino acid sequence of SEQ. ID.

NO. 1, or variants, analogues or functional fragments thereof.

According to a second aspect of the present invention, there is provided a soluble
LHCGR polypeptide of human origin comprising the amino acid sequence of

SEQ. ID. NO. 1, or variants, analogues or functional fragments thereof.

The polypeptide is preferably naturally occurring (i.e. not obtained by chemical

synthesis or by expression of a recombinant or other manipulated gene).
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The polypeptide may be of primate, e.g. human, origin, particularly from human
ovarian follicular fluid, serum (blood), urine or semen. The polypeptide may be
of equine or bovine origin, particularly from equine or bovine ovarian follicular

fluid, serum (blood), urine or semen.

In one particular embodiment of the invention, the soluble LHCGR polypeptide
may be of mammalian body fluid (e.g. primate (e.g. human), equine or bovine)

origin other than ovarian follicular fluid, e.g. serum (blood), urine or semen.

According to a third aspect of the present invention, therefore, there is provided a
soluble LHCGR polypeptide of mammalian body fluid origin other than ovarian
follicular fluid, comprising the amino acid sequence of SEQ. ID. NO. 1, or

variants, analogues or functional fragments thereof.

The soluble LHCGR polypeptide or variant, analogue or fragment thereof
according to the present invention may suitably consist essentially of the said
amino acid sequence of SEQ. ID. NO. 1.

A soluble LHCGR polypeptide consisting essentially of the said amino acid
sequence of SEQ. ID. NO. 1, or variants or analogues thereof may have a relative
molecular mass of approximately 48-50K as determined according to its
electrophoretic migration through denaturing polyacrylamide gels using proteins
of known molecular weight as marker proteins. It will be noted that glycosylation
may in some cases cause the relative molecular mass of the protein to vary

slightly outside the above approximate molecular mass range.

The soluble LHCGR polypeptide or variant, analogue or fragment thereof

according to the present invention may suitably be present in isolated form.
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The soluble LEICGR polypeptide or variant, analogue or fragment thereof
according to the present invention may alternatively be present in the form of a
solution in blood, blood serum, urine or semen removed from the human or non-

human animal body.

The soluble LHCGR polypeptide or variant, analogue or fragment thereof
according to the present invention may suitably be present in the form of a
complex with a hormone to which it binds, for example a hormone selected from
CG (e.g. hCG) and LH. Such a receptor/hormone complex may further comprise
one or more species which bind to the receptor and/or to the hormone, such as one

or more antobody thereto.

In other aspects, the present invention provides a polynucleotide capable of
encoding the soluble LHCGR polypeptide according to the present invention
(including variants, analogues or fragments thereof), a polynucleotide capable of
hybridising thereto under stringent conditions, an expression vector comprising
such a polynucleotide sequence, a host cell comprising such an expression vector,
an antibody or other inhibitor of the polypeptide, an anti-idiotypic antibody
thereto, compositions comprising any of the above, the soluble LHCGR
polypeptide or variant, analogue or fragment thereof for use as a medicament or
diagnostic agent, the above-mentioned polynucleotide for use as a medicament or
diagnostic agent, the above-mentioned antibody or other inhibitor or anti-idiotypic
antibody for use as a medicament or diagnostic agent, and uses of any of the

above in diagnosis and therapy.

Such a polynucleotide may for example have the nucleic acid sequence shown in
SEQ. ID. NO. 2.

The polynucleotide according to the present invention may for example be present

in isolated form.
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For example, a use of the materjal of the present invention may be a method of
diagnosing a condition selected from human infertility conditions, ovarian
hyperstimulation, egg maturation disorders, polycystic ovarian syndrome,
miscarriage, Down’s syndrome and other trisomic pregnancy conditions, molar
pregnancy, pre-eclampsia, intra-uterine growth restriction, testicular cancer and
ovarian cancer in a subject, or for use in the diagnosis of susceptibility thereto,
which comprises assaying a sample of body fluid obtained from the subject for
the presence of the soluble polypeptide or for the presence of a hormone capable
of binding thereto, or for the presence of a complex of said polypeptide and said

hormone, and making the said diagnosis having regard to the assay result.

Another use of the material of the present invention may be a method of treating
or preventing a pregnancy condition characterised by high total but low free LH
or hCG serum or urine concentrations in a subject in need thereof, which
comprises administering to the subject an effective amount of an antagonist or
épeciﬁc binding partner of the soluble polypeptide (including variants, analogues
or fragments thereof).

The antagonist or specific binding partner may be an antibody or other inhibitor
of the said polypeptide (including variants, analogues or fragments thereof).

The present invention further provides a pharmaceutical composition comprising

the polypeptide and a physiologically acceptable diluent, excipient or carrier.

The present invention also provides a pharmaceutical composition comprising the

polynucleotide and a physiologically acceptable diluent, excipient or carrier.

The present invention also provides an expression vector comprising a
polynucleotide sequence capable of encoding the soluble LHCGR polypeptide,

and a host cell comprising the said expression vector.
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The present invention further provides the use of the polypeptide or a
polynucleotide capable of encoding the same as an immunogen to produce an
antibody immunospecific for such polypeptides or polynucleotides respectively or
the use of an antibody specific to the said polypeptide or polynucleotide to

produce an anti-idiotypic antibody thereto.

The present invention further provides an antibody produced against a soluble
LHCGR polypeptide consisting essentially of the amino acid sequence of SEQ.
ID. No. 1 or a variant, analogue or functional fragment thereof, or an anti-

idiotypic antibody thereto.

The present invention further provides an antibody produced against a
polynucleotide capable of encoding a soluble LHCGR polypeptide consisting
essentially of the amino acid sequence of SEQ. ID. No. 1 or a variant, analogue or

functional fragment thereof, or an anti-idiotypic antibody thereto.

The antibody is suitably specific and is preferably monoclonal. The antibody may

preferably be in isolated form.

These and further aspects and embodiments of the present invention are described

below and are defined by the appended claims.

Detailed Description of the Invention

Terminology

The term “isolated” as used herein means altered from its natural state, i.e., if it
occurs in nature, it has been changed or removed from its original environment, or

both. For example, a polynucleotide or a polypeptide naturally present in a living
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organism is not “isolated”, but the same polynucleotide or polypeptide separated
from the coexisting materials of its natural state is “isolated”, as the term is used
herein. Moreover, a polynucleotide or polypeptide that is introduced into an
organism by transformation, genetic manipulation or by another recombinant
method is “isolated” even if it is still present in said organism, which organism
can be living or non-living. The term “isolated” in the context of the present
invention refers particularly but not exclusively to polynucleotide material which
is unassociated with a chromosome and polypeptide material which is

unassociated with a cell.

The term “soluble” as used herein in relation to the polypeptides of the invention
means capable of dissolving under normal physiological conditions in body fluids
such as one or more of serum, urine, seminal plasma and follicular fluid, without

substantial binding to body tissue.

The term “variant(s)” as used herein refers particularly to a polynucleotide or
polypeptide that differs from a reference polynucleotide or polypeptide
respectively, but retains essential properties. A typical variant of a polynucleotide
differs in nucleotide sequence from another, reference polynucleotide. Changes in
the nucleotide sequence of the variant may or may mnot alter the amino acid
sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide
changes may result in amino acid substitutions, additions, deletions, fusions
and/or truncations in the polypeptide encoded by the reference sequence, as
discussed below. A typical variant of a polypeptide differs in amino acid
sequence from another reference polypeptide. Generally, differences are limited
so that the sequences of the reference polypeptide and the variant are closely
similar overall and, in many regions, identical. A variant and reference
polypeptide may differ in amino.acid sequence by one or more substitutions,
additions, and/or deletions in any combination. A substituted or inserted amino

acid residue may or may not be one encoded by the genetic code. The present
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invention also includes variants of each of the polypeptides of the invention, that
is polypeptides that vary from the references by conservative amino acid
substitutions, whereby a residue is substituted by another with like characteristics.
Typical conservative amino acid substitutions are among Ala, Val, Leu and Ile;
among Ser and Thr; among the acidic residues, Asp and Glu; among Asn and Gln;
and among the basic residues Lys and Arg; or aromatic residues Phe and Tyr.
Such conservative mutations include mutations that switch one amino acid for

another within one of the following groups:

1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr,
Pro and Gly;

2. Polar, negatively charged residues and their amides: Asp, Asn, Glu
and Gln;

3. Polar, positively charged residues: His, Arg and Lys;

4, Large aliphatic, nonpolar residues: Met, Leu, Ile, Val and Cys; and

5. Aromatic residues: Phe, Tyr and Trp.

Such conservative variations can further include the following:

Original Residue Variation
Ala Gly, Ser
Arg Lys

Asn Gln, His
Asp Glu

Cys Ser

Gln Asn
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Glu Asp
Gly Ala, Pro
His Asn, Gln
Ile Leuy, Val
Leu Ile, Val
Lys Arg, Gln, Glu
Met Leu, Tyr, Ile
Phe Met, Leu, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val Ile, Leu

The types of variations selected can be based on the analysis of the frequencies of
amino acid variations between homologous proteins of different species
developed by Schulz et al. (Principles of Protein Structure, Springer-Verlag,
1978), on the analyses of structure-forming potentials developed by Chou and
Fasman (Biochemistry 13:211, 1974 and Adv. Enzymol., 47:45-149, 1978), and on
the analysis of hydrophobicity patterns in proteins developed by Eisenberg et al.
(Proc. Natl. Acad. Sci. USA 81:140-144, 1984), Kyte & Doolittle (J. Molec. Biol.
157: 105-132, 1981), and Goldman et al. (Ann. Rev. Biophys. Chem. 15:321-353,
1986). Particularly preferred are variants in which several, e.g., 5-10, 1-5, 1-3, 1-
2 or 1 amino acids are substituted, deleted, or added in any combination. A

variant of a polynucleotide or polypeptide may be naturally occurring such as an
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allelic variant, or it may be a variant that is not known to occur naturally. Non-
naturally occurring variants of polynucleotides and polypeptides may be made by
mutagenesis techniques, by direct synthesis, and by other recombinant methods

known to a person skilled in the art.

Variants which are known, from work done on the full-length mature LHCGR
protein, to occur naturally in the extracellular domain of that protein will be
expected to occur naturally also in the soluble LHCGR protein of the present
invention. In particular, a number of polymorphisms have been observed in exon
1 (insertion of amino acids IQ at residue 18 being most common) and in exons 8,
10 and 11. In addition, a relatively large number of activating mutations which
are primarily restricted to exon 11 (for example, A373V, M398T, LA457R, I542L,
D564G, A568V, M5711, A572V, I575L, T5771, D578G/Y/H/E, C581R) and
inactivating mutations (for example, insertion at residue 18 - LLKLLLLLQLQ,
deletions in exons 8, 10) and single nucleotide mutations at CI131R, F194V,
(3438, E354K, W491X, C543R, C545X, R554X, A593P, S616Y and 1625K have
been reported.

The term “analogue(s)” as used herein refers in particular to peptidomimetics,
such as those formed using small non-protein molecules having corresponding
ligand binding properties to the polypeptide. The anti-idiotypic antibodies
mentioned below, which may be raised to antibodies of the polypeptide, can be

considered as a further analogue of the polypeptide.

The term “functional fragments” as used herein refers to shortened portions of the
polypeptide sequence which retain effective function in comparison with the full
length polypeptide. Such functional fragments can readily be obtained and
identified by persons skilled in the art using readily available protein formation or
digestion technology and assay systems. Such fragments will generally contain a

number of amino acids corresponding to at least about 90% of the total number of
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amino acids of SEQ. ID. NO. 1, for example at least about 95%, for example at
least about 97%, for example at least about 98% of the total number of amino
acids of SEQ. ID. NO. 1.

The term “polynucleotide(s)” as used herein generally refers to any
polyribonucleotide or polydeoxyribonucleotide, which may be unmodified RNA
or DNA or modified RNA or DNA. Polynucleotide(s) include, without limitation,
single- and double-stranded DNA, DNA that is a mixture of single- and double-
stranded regions or single- and triple-stranded regions, single- and double-
stranded RNA, and RNA that is a mixture of single- and double-stranded regions,
hybrid molecules comprising DNA and RNA that can be single-stranded or, more
typically, double-stranded, or triple-stranded regions, or a mixture of single- and
double-stranded regions. As used herein, the term “polynucleotide(s)” also
includes DNAs or RNAs' as described above that contain one or more modified
bases. Thus, DNAs or RNAs with backbones modified for stability or for other
reasons are “polynucleotide(s)” as the term is intended herein. Moreover, DNAs
or RNAs comprising unusual bases, such as inosine, or modified bases, such as
tritylated bases, to name just two examples, are polynucleotides as the term is
used herein. It will be appreciated that a great variety of modifications have been
made to DNA and RNA that serve many useful purposes known to those of skill
in the art. The term “polynucleotide(s)” as used herein embraces such chemically,
enzymatically or metabolically modified forms of polynucleotides, as well as the
chemical forms of DNA and RNA characteristic of viruses and cells, including,
for example, simple and complex cells. “Polynucleotide(s)” also embraces short

polynucleotides, often referred to as oligonucleotide(s).

The term “polypeptide(s)” as used herein refers to any peptide or protein
comprising two or more amino acids joined to each other by peptide bonds or
modified peptide bonds. “Polypeptide(s)” refers to both short chains, commonly

referred to as peptides, oligopeptides and oligomers and to longer chains generally
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referred to as proteins. Polypeptides can contain amino acids other than the 20
gene encoded amino acids. “Polypeptide(s)” include those modified either by
natural processes, such as processing and other post-translational modifications,
but also by chemical modification techniques. Such modifications are well
described in research literature, and are well known to those skilled in the art. It
will be appreciated that the same type of modification can be present at the same
or varying degrees at several sites in a given polypeptide. Also, a given
polypeptide can contain many types of modification. Modification can occur
anywhere in a polypeptide, including the peptide backbone, the amino acid side-
chains, and the amino or carboxyl termini. Modifications include, for example,
acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of
flavin, covalent attachment of a heme moiety, covalent attachment of a nucleotide
or a nucleotide derivative, covalent attachment of a lipid or lipid derivative,
covalent attachment of phosphotidylinositol, cross-linking, cyclization, disulfide
bond formation, demethylation, formation of covalent cross-links, formation of
cysteine, formation of pyroglutamate, formylation, gamma-carboxylation, GPI
anchor formation, hydroxylation, iodination, methylation, myristoylation,
oxidation, proteolytic processing, phosphorylation, prenylation, racemization,
glycosylation, lipid attachment, sulfation, gamma-carboxylation of glutamic acid
residues, hydroxylation and ADP-ribosylation, selenoylation, transfer-RNA
mediated addition of amino acids to proteins, such as arginylation, and
ubiquitination. See, for instance, PROTEINS - STRUCTURE AND MOLECULAR
PROPERTIES, 2" Ed., T.E. Creighton, W.H. Freeman and Company, New York
(1993) and Wold, F., Posttranslational Protein Modifications: Perspectives and
Prospects. pgs 1-12 in POSTTRANSLATIONAL COVALENT MODIFICATION
OF PROTEINS, B.C. Johnson. Ed., Academic Press, New York (1983); Seifter et
al., Meth. Enzymol. 182:626-646 (1990) and Rattan et al., Protein Synthesis:
posttranslational Modifications and Aging, Ann. N.Y. Acad. Sci. 663: 48-62
(1992). Polypeptides can be branched, or cyclic, with or without branching.
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Cyclic, branched and non-branched polypeptides can result from post-translational

natural processes and can be made by entirely synthetic methods as well.

The term “polypeptide” used herein therefore includes glycosylated forms of the
amino acid sequence as defined. For example, it is known that the extracellular
domain (ECD) of the mature human LHCGR contains six highly conserved N-
linked glycosylation sites (see Figure 8b below, the sites there underlined). It is
believed that the six N-linked carbohydrates of the mature LHCG receptor are not
absolutely required for correct folding, cell surface expression, hormone binding,
or signal transduction. Since the contribution of a single oligosaccharide chain
linked to each N-linked glycosylation site is approximately 2K (M), the
maximum estimated contribution by six side-chain oligosaccharide to a 50K-60K
sLHCGR would be 10K (Davis DP, Rozell TG, Liu X, Segaloff DL, Mol.
Endocrinol. 11: 550-62, 1997). Therefore, the total number of amino acid residues
in a 50K-60K sLHCGR is estimated to be 363 to 436 (average M; of amino acid
is 110).

Preferably, at least a portion of the polypeptide comprises at least 66% identity to
the sequence shown in SEQ.ID NO.1. More preferably, at least a portion of the
polypeptide comprises at least 83% identity to the sequence shown in SEQ.ID
NO.1.

The term “identity” as used herein is a relationship between two or more
polypeptide sequences or two or more polynucleotide sequences, as determined by
comparing the sequences. In the art, “identity” also means the degree of sequence
relatedness between polypeptide or polynucleotide sequences, as the case may be,
as determined by the match between strings of such sequences. “Identity” and
“similarity” can be readily calculated by known methods, including but not
limited to those described in (Computational Molecular Biology, Lesk, A M., ed.,
Oxford University Press, New York, 1988; Biocomputing: Informatics and
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genome Projects, Smith, D.W., ed., Academic Press, New York. 1993; Computer
Analysis of sequence Data, Part 1, Griffin, AM., 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; and Carillo, H., and
Lipman, D., SIAM J. Applied Math., 48:1073 (1998). Methods to determine
identity are designed to give the largest match between the sequences tested.
Moreover, methods to determine identity are codified in publicly available
computer programs. Computer program methods to determine identity between
two sequences include, but are not limited to, the GCG program package
(Devereux, J., et al., Nucleic Acids Research 12(1): 387 (1984)), BLASTP,
BLASTN, and FASTA (Altschul, S.F. et al., J. Molec. Biol. 215: 403-410 (1990).
The BLAST X program is publicly available from NCBI and other sources
(BLAST Manual, Altschul, S., et al., NCBI NLM NUH Bethesda, MD 20894,
Altschul, S., et al., J. Mol Biol. 215: 403-410 (1990).

Parameters for polypeptide sequence comparison include the following:

Algorithm: Needleman and Wunsch, J. Mol Biol. 48:443-453 (1970)

Comparison matrix: BLOSSUM62 from Henikoff & Henikoff, Proc. Natl. Acad.
Sci. USA. 89:10915-10919 (1992)

Gap Penalty: 12

Gap Length Penalty: 4

A program useful with these parameters is publicly available as the “gap”
program from Genetics Computer Group, Madison WI. The aforementioned
parameters are the default parameters for peptide comparison (along with no
penalty for end gaps). In all cases where a computer program that does not

necessarily give the maximized alignment discussed above is used to determine a
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measure of identity, the default parameters are preferred. Parameters for

polynucleotide comparison include the following:

Algorithm; Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970)
Comparison matrix: matches =+10, mismatch =0

Gap Penalty: 50

Gap Length Penalty: 3

Where the sequence shown in SEQ ID NO. 1 occurs in a larger soluble
polypeptide as part of a longer sequence, the total length of said longer sequence
is preferably less than about 510 amino acids (aa), for example less than about 500
aa, for example less than about 490 aa, for example less than about 480 aa, for
example less than about 470 aa. The additional amino acids may be linked at the
N-terminal end of the sequence shown in SEQ ID NO. 1, at the C-terminal end of
the sequence shown in SEQ ID NO. 1, or at both the N-terminal and C-terminal
ends of the sequence shown in SEQ ID NO. 1.

Where the sequence shown in SEQ ID NO. 1 occurs in a larger soluble
polypeptide as part of a longer sequence, the length of the sequence of the said
additional amino acids, or — if at both the N- and C-terminal ends of the sequence
shown in SEQ ID NO. 1 — each of such sequences of additional amino acids, is
preferably less than about 40 aa, for example less than about 20 aa, for example

less than about 10 aa, for example less than about 5 aa, for example about 2 aa.

Where the sequence shown in SEQ ID NO. 1 occurs in a larger polypeptide as
part of a longer sequence, the functionality of the sequence shown in SEQ ID NO.

1 is substantially maintained in the larger polypeptide.

As used herein the term “stringent conditions” means hybridisation occurring only

if there is at least 83% identity between the sequences. A specific example of
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stringent hybridisation conditions is overnight incubation at 42 °C in a solution
comprising: 50% formamide. 5x SSC (150mM NaCl, 15mM trisodium citrate), 50
mM sodium phosphate (pH 7.6), 5x Denhardt’s solution, 10% dextran sulphate,
and 20 micrograms/ml of denatured, sheared salmon sperm DNA, followed by
washing the hybridisation support in 0.1x SSC at about 65 °C. Hybridisation and
wash conditions are well known and exemplified in Sambrook, et al., Molecular
Cloning: A Laboratory Manual, Third Edition, Cold Spring Harbour, N.Y.,
(1989), particularly Chapter II therein. Solution hybridisation can also be used

with the polynucleotide sequences provided by the invention.

Preparation of the Polypeptides

Naturally occurring polypeptides according to the present invention may
conveniently be isolated from suitable natural sources, particularly mammalian
body fluids and tissues such as placental tissue, serum (blood), urine, seminal
plasma and follicular fluid. ~Suitable mammalian species include primates (e.g.

humans), horses and cattle.

Such polypeptides can be recovered and purified from the body fluids by well-
known methods, including ammonium sulphate or ethanol precipitation,
extraction such as acid extraction, anion or cation exchange chromatography, gel
filtration, ~ phosphocellulose  chromatography, hydrophobic  interaction
chromatography, affinity chromatography, hydroxylapatite chromatography,
lectin chromatography, preparative electrophoresis, FPLC (Pharmacia, Uppsala,
Sweden), HPLC (e.g., using gel filtration, reverse-phase or mildly hydrophobic
columns). Most preferably, affinity chromatography is employed for purification.
Well known techniques for refolding proteins can be employed to regenerate an
active conformation after denaturation of the polypeptide during isolation and/or

purification.
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Alternatively, the polypeptides according to the present invention may be

produced recombinantly.

For recombinant production of the polypeptides of the invention, host cells can be
genetically engineered to incorporate expression systems or portions thereof or
polynucleotides of the invention. Introduction of a polynucleotide into a host cell
may be effected by methods described in many standard laboratory manuals, such
as Davis, et al., BASIC METHODS IN MOLECULAR BIOLOGY, (1986) and
Sambrook, et al., MOLECULAR CLONING: A LABORATORY MANUAL, 2nd
Ed., Cold Spring Harbour Laboratory Press, Cold Spring Harbour. N.Y. (1989),
such as, calcium phosphate transfection, DEAE-dextran mediated transfection,
transfection, microinjection, cationic lipid-mediated transfection, electroporation,

transduction, scrape loading, ballistic introduction and infection.

Representative examples of appropriate hosts include bacterial cells, such as
streptococci, staphylococci, enterococci E. coli, streptomyces, cyanobacteria,
Bacillus subtilis; fungal cells, such as yeast, Kluveromyces, Saccharomyces, a
basidiomycete, Candida albicans and Aspergillus; insect cells such as Drosophila
S2 and Spodoptera Sf9; animal cells such as CHO, COS, HeLa, C127, 3T3, BHK,

293, CV-1 and Bowes melanoma cells; and plant cells.

A great variety of expression systems can be used to produce the polypeptides of
the invention. Such vectors include, among others, chromosomal-, episomal- and
viral-derived vectors, for example, vectors derived from plasmids, from
bacteriophage, from transposons, from yeast episomes, from insertion elements,
from yeast chromosomal elements, from viruses such as baculoviruses, papova
viruses, such as SV40, vaccinia viruses, adenoviruses, adeno-associated viruses,
avipox (e.g. fowl pox) viruses, suipox viruses, capripox viruses, pseudorabies
viruses, picornaviruses and retroviruses, and vectors derived from combinations

thereof, such as those derived from plasmid and bacteriophage genetic elements,
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such as cosmids and phagemids. The expression system constructs can contain
control regions that regulate as well as engender expression. Generally, any
system or vector suitable to maintain, propagate or express polynucleotides or to
express a polypeptide in a host can be used for expression in this regard. The
appropriate DNA sequence can be inserted into the expression system by any of a
variety of well-known and routine techniques, such as, for example, those set forth
in Sambrook, et al., MOLECULAR CLONING: A LABORATORY MANUAL,

(supra).

For assisted secretion of a translated protein into the lumen of the endoplasmic
reticulum, into the periplasmic space or into the extracellular environment,
appropriate secretion signals may be incorporated into the expressed polypeptide.
These signals can be endogenous to the polypeptide or they can be heterologous

signals.

Polypeptides of the invention can be recovered and purified from recombinant cell
cultures by well-known methods, including ammonium sulphate or ethanol
precipitation, extraction such as acid extraction, anion or cation exchange
chromatography, gel filtration, phosphocellulose chromatography, hydrophobic
interaction  chromatography, affinity = chromatography, hydroxylapatite
chromatography, lectin chromatography, preparative electrophoresis, FPLC
(Pharmacia, Uppsala, Sweden), HPLC (e.g., using gel filtration, reverse-phase or
mildly hydrophobic columns). Most preferably, affinity chromatography is
employed for purification. Well known techniques for refolding proteins can be
employed to regenerate an active conformation after denaturation of the

polypeptide during isolation and/or purification.

After production, the polypeptides can be assayed for activity using a range of
standard protein activity assays. Such assays will be well known to those skilled

in the art, and further discussion is not necessary here.
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Preparation of the Polynucleotides

The polynucleotides according to the present invention may be prepared from
suitable naturally occurring or synthesised precursor material by any of the well
known techniques for assembling and/or modifying and/or isolating

polynucleotide material.

For example, a polynucleotide according to the present invention may be prepared

from genomic DNA of the LHCGR gene or a portion thereof.

Preparation of the Antibodies or other Inhibitors

A polypeptide, or polynucleotide comprising a nucleotide sequence, according to
the present invention or variants thereof, or cells expressing the same can be used
as immunogens to produce antibodies immunospecific for such polypeptides or

nucleotide sequences respectively.

Such antibodies and other inhibitors of the polypeptides or nucleotide sequences

constitute further features of the present invention.

Generally speaking, they may be prepared according to methods well known in
this art.

Antibodies generated against the polypeptides or polynucleotides of the invention
can be obtained by administering the polypeptides or polynucleotides of the
invention, or epitope-bearing fragments of either or both, analogues of either or
both, or cells expressing either or both, to a human or animal, preferably a
nonhuman, using routine protocols. For preparation of monoclonal antibodies,
any technique known in the art that provides antibodies produced by continuous

cell line cultures can be used. Examples include various techniques, such as those
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in Kohler, G. and Milstein, C., Nature 256: 495-497 (1975); Kozbor et al.,
Immunology Today 4: 72 (1983); Cole et al., pg. 77-96 in MONOCOLONAL
ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc. (1985).

Techniques for the production of single chain antibodies (U.S. Patent No.
4,946,778) can be adapted to produce single chain antibodies to polypeptides or
polynucleotides of this invention. Also, transgenic mice, or other organisms such
as other mammals, can be used to express humanized antibodies immunospecific

to the polypeptides or polynucleotides of the invention.

An anti-idiotypic antibody can furthermore be raised against an antibody or other
specific binding partner according to the present invention, and such an antibody
can then serve as a substitute for the original antigen in the uses according to the

present invention.

Uses of the Materials of the Invention

The measurement of serum LH or hCG is an integral part of diagnostic tests in
human infertility, reproductive failure and pregnancy disorders. Our findings
provide a novel, measurable diagnostic marker for human infertility, pregnancy
disorders, ovarian, testicular cancer and Alzheimer's disease. In addition,
circulating sSLHCGR will allow the simultaneous measurement of both free
hormone (LH and hCG) and sLHCGR-bound hormone, thus facilitating

measurement of active hormone levels in specific clinical conditions.

Generally speaking, therefore, the materials of the present invention, including
complexes of the LHCGR polypeptide with reproductive hormones, can be used
in the treatment and diagnosis of conditions associated with over- and under-
production of the said receptor, with over- and under-production of luteinising

hormone, with over- and under-production of chorionic gonadotropin, with
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reproductive failure, with gonadal cancer and metastases, and with Alzheimer’s

disease.

The levels of LH and hCG are currently used as markers to detect various clinical
conditions. Target tissues for LH/hCG and clinical conditions where free serum or

urine LH/hCG concentrations are measured are described below:

LH target tissues — ovary; testis; uterine endometrium
hCG target tissues — corpus luteum (pregnant women); foetal tissue; ovary; testis;

placenta; uterine blood vessels; foetal blood vessels and brain; uterine muscles.

Low serum LH may generally be associated with infertility and sterility.

High serum LH may generally be associated with polysystic ovarian syndrome,

ovarian cancer and testicular cancer.

High serum hCG may generally be associated with molar pregnancy, Down’s

syndrome, intra-uterine growth restriction and pre-eclampsia.

Human LH and hCG concentrations in body fluids (primarily serum and urine) are
measured in a variety of clinical conditions described below. This invention will
be significant wherever these two hormones are used as diagnostic biomarkers.
This is because both hormones can bind the same soluble receptor in the body
fluids. Therefore, the measurement of hCG and its soluble receptor (sLHCGR) in
the same sample will allow the determination of functionally active circulating

LH/hCG in a given clinical condition.

The present invention therefore has diagnostic applications in the following areas

of human reproductive medicine:
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A. Assisted reproductive technology
1. Human Infertility

The sLHCGR is a normal component of LH/hCG receptor systems. However, the
amount of SLHCGR in individuals could be variable in both sexes. It is expected
that when blood levels of sLHCGR are high, LH and hCG will be less
functionally available and that fertility levels in both sexes could be linked to
blood sSLHCGR concentrations.

One of the causes of human infertility is the antibody in seminal plasma or
autoantibody against ovarian antigen.’ Human sperm and seminal vesicles
produce large quantities of LHCGR.'*?® Therefore, it is expected that SLHCGR
might be detected in human semen, and possible that women might raise
antibodies to epitopes of their partner’s LHCGR. Therefore, assays could be
developed to detect both SLHCGR concentrations in men’s semen and antibody in

women’s blood as a diagnostic test for infertility.

Therefore, in a further aspect, the present invention provides a method of
diagnosing a risk of male or female infertility or difficulty to conceive in a human
or non-human animal patient, which comprises assaying a sample of body fluid
(e.g. serum (blood), urine or semen) removed from the patient to determine the
presence of a soluble LHCGR polypeptide according to the present invention or
an antibody thereto. The presence of high concentrations of soluble LHCGR
polypeptide in the male body fluid or high concentrations of antibodies thereto in
the female body fluid may suggest or be diagnostic of a risk of male or female

infertility or difficulty to conceive.

In a further aspect of the present invention, there is provided the use of an

antibody or other specific binding partner to the soluble LHCGR polypeptide
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according to the present invention, or the use of an anti-idiotypic antibody or other
specific binding partner to a naturally occurring antibody to the soluble LHCGR
polypeptide according to the present invention, in the preparation of a
composition for use in an assay for diagnosing a risk of male or female infertility

or difficulty to conceive in a human or animal patient by the above method.
2. Ovarian hyperstimulation

This treatment has two components: a) Blocking physiological ovarian functions
by GnRH agonists (buserelin/nafarelin) or antagonists (cetrorelix) at the outset
and b) subsequent stimulation of the ovary by FSH, LH and hCG (Fig. 1). The
function of LH/hCG would however depend upon the relative concentrations of
sLHCGR in the blood and mLHCGR on the ovarian cell surface. The response,
dose and the frequency of administration of these hormones could be determined
by the concentration of sSLHCGR in the circulation. Therefore, analysis of the
serum concentration of SLHCGR before and during ovarian hyperstimulation

could act as a marker for the efficiency of hormone treatment.

Therefore, in a further aspect, the present invention provides a method of
diagnosing impaired ovarian hyperstimulation in assisted reproduction methods in
a female human or non-human animal patient, which comprises assaying a sample
of body fluid (e.g. serum (blood) or urine) removed from the patient to determine
the presence of a soluble LHCGR polypeptide according to the present invention.
The presence of certain proportions of the soluble LHCGR polypeptide in the
body fluid relative to cell-bound LHCGR receptor may suggest or be diagnostic of

impaired ovarian hyperstimulation in an assisted reproduction method.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide

according to the present invention in the preparation of a composition for use in



WO 2005/100397 PCT/GB2005/001473

10

15

20

25

30

31

an assay for diagnosing impaired ovarian hyperstimulation in an assisted
reproduction method in a female human or non-human animal patient by the

above method.
3. Egg maturation and sLHCGR in follicular fluid

The maturation of the egg, ovulation as well as luteinisation of the ovarian cells
are determined by the degree of interaction between LH and mLHCGR expressed
in the ovary. We have demonstrated that the follicular fluid in the hyperstimulated
ovaries contain SLHCGR. It is expected that high levels of sLHCGR in the
follicular fluid might result in a lower LH interaction with mLHCGR and
incomplete maturation of eggs. Therefore, measurement of the free SLHCGR in

follicular fluid could provide a diagnostic marker for egg maturation.

Therefore, in a further aspect, the present invention provides a method of
diagnosing impaired egg maturation or a susceptibility thereto in a female human
or non-human animal patient, which comprises assaying a sample of body fluid
(e.g. folﬁcular fluid) removed from the patient to determine the presence of a
soluble LHCGR polypeptide according to the present invention. The presence of
high level of the soluble LHCGR polypeptide in the body fluid may suggest or be

diagnostic of impaired egg maturation or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing impaired egg maturation or a susceptibility thereto in a

female human or non-human animal patient by the above method.
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4. Polycystic ovarian syndrome (PCOS)

About 5-10% women of childbearing age have PCOS characterised by
anovulation, amenorrhea, varying degrees of insulin resistance, and high serum
testosterone and LH. There is no specific diagnostic test for PCOS. However a
combination of biochemical tests including measurements of serum LH are
routinely carried out. An estimation of free and bound LH could have additional

diagnostic implications.

Therefore, in a further aspect, the present invention provides a method of
diagnosing PCOS or a susceptibility thereto in a female human or non-human
animal patient, which comprises assaying a sample of body fluid (e.g. serum
(blood) or urine) removed from the patient to determine the presence of a soluble
LHCGR polypeptide according to the present invention. The presence of low
levels of the soluble LHCGR polypeptide in the body fluid may suggest or be
diagnostic of PCOS or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing PCOS or a susceptibility thereto in a female human or

animal patient by the above method.

B. Pregnancy failure and pregnancy disorders

1. Miscarriage

Low serum concentrations of hCG at very early pregnancy (6—8 wks) is used as a

diagnostic marker for high risk pregnancies. The assay for receptor-bound hCG

could have additional diagnostic significance.
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Therefore, in a further aspect, the present invention provides a method of
diagnosing a risk of miscarriage in a female human or non-human animal patient,
which comprises assaying a sample of body fluid (e.g. serum (blood) or urine)
removed from the patient to determine the presence of a soluble LHCGR
polypeptide according to the present invention. The assay may be particularly
useful within the first 8 weeks of pregnancy. The presence of high levels of the
soluble LHCGR polypeptide in the body fluid may suggest or be diagnostic of a

risk of miscarriage.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LEHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing a risk of miscarriage in a human or animal patient by the

above method.
2. Down’s syndrome and other trisomic pregnancies

A large number of serum and urine biochemical markers (alpha fetoprotein,
unconjugated estriol, pregnancy associated plasma protein A and activin) are used
in various combination for the diagnosis of the genetically compromised
pregnancies. However, measurement of total and free hCGp at the first and second

trimester is the most common parameter in all the diagnostic tests.

Therefore, in a further aspect, the present invention provides a method of
diagnosing Down’s syndrome and other trisomic pregnancy conditions or a
susceptibility thereto in a female human or non-human animal patient, which
comprises assaying a sample of body fluid (e.g. serum (blood) or urine) removed
from the patient to determine the presence of a soluble LHCGR polypeptide

according to the present invention. The presence of high levels of the soluble
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LHCGR polypeptide in the body fluid may suggest or be diagnostic of Down’s

syndrome and other trisomic pregnancy conditions or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing Down’s syndrome and other trisomic pregnancy
conditions or a susceptibility thereto in a human or animal patient by the above

method.

3. Molar pregnancies

Serum hCG is high in these pregnancies. This indicates that levels of soluble
LHCGR polypeptide in the serum may be too low to complex with free serum
hCG.

Therefore, in a further aspect, the present invention provides a method of
diagnosing molar pregnancy or a susceptibility thereto in a human or non-human
animal patient, which comprises assaying a sample of body fluid (e.g. serum
(blood) or urine) removed from the patient to determine the presence of a soluble
LHCGR polypeptide according to the present invention. The presence of low
levels of the soluble LHCGR polypeptide in the body fluid may suggest or be

diagnostic of molar pregnancy or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing molar pregnancy or a susceptibility thereto in a human or

animal patient by the above method.
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4. Pre-eclampsia and intra-uterine growth restriction ({IUGR)

Currently, pre-eclampsia and TUGR are diagnosed by ultrasound at late pregnancy
(22-30 wks). Recently, soluble Flt-1 receptor for vascular endothelial growth
factor has been shown to increase in serum at late pregnancy (20-30 wks of
gestation). While soluble Flt-1 in combination with placental growth factor
(PIGF) could be diagnostic markers for pre-eclampsia at late pregnancy, > *
there is no specific serum marker to detect the onset of these diseases in early
pregnancy. We have established that the serum concentration of SLHCGR could
be measured as early as 8—10 wks of pregnancy and therefore could be a superior
prognostic marker for pre-eclampsia and IUGR at early pregnancy. Early
prognosis or diagnosis of pre-eclampsia and IUGR will markedly improve the

survival rate for mothers and babies.

Therefore, in a further aspect, the present invention provides a method of
diagnosing pre-eclampsia or IUGR or a susceptibility thereto in a female human
or non-human animal patient, which comprises assaying a sample of body fluid
(e.g. serum (blood) or urine) removed from the patient to determine the presence
of a soluble LHCGR polypeptide according to the present invention. The assay
may be particularly useful as a prognostic tool within the first 20 weeks of
pregnancy, for example between about 8 and about 20 weeks of pregnancy. The
presence of high levels of the soluble LHCGR polypeptide in the body fluid may

suggest or be diagnostic of pre-eclampsia or IUGR or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing pre-eclampsia or IUGR or a susceptibility thereto in a

female human or animal patient by the above method.
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C. Testicular and ovarian cancers

In addition to physical examination, the laboratory tests for testicular cancer
include serum alpha-fetoprotein and hCG. In some forms of ovarian cancer (germ

cells), the levels of serum alpha-fetoprotein and hCG are elevated.

Therefore, in a further aspect, the present invention provides a method of
diagnosing testicular or ovarian cancer or a susceptibility thereto in a human or
non-human animal patient, which comprises assaying a sample of body fluid (e.g.
serum (blood), urine or semen) removed from the patient to determine the
presence of a soluble LHCGR polypeptide according to the present invention.
The presence of high levels of the soluble LHCGR polypeptide in the body fluid
may suggest or be diagnostic of testicular or ovarian cancer or a susceptibility

thereto.

In a further aspect of the present invention, there is provided the use of an
antibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing testicular or ovarian cancer or a susceptibility thereto in a

human or animal patient by the above method.

D. Alzheimer’s disease

Alzheimer’s disease (AD) is a neuro-degenerative disorder which often affects
more women than men. Until recenily, it was thought to be due to the lack of
estrogen. As a result, hormone replacement (HRT) therapy was developed in part
to reduce the susceptibility of women to Alzheimer’s disease. However, recent
studies demonstrate that LH is a major factor in AD pathogenesis. The patients
with AD have elevated levels of LH when compared with controls, and both LH

and its receptor are present in increased quantities in brain hippocampus,
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pyramidal neurons and neurofibrillary tangles susceptible to degeneration
(Casadesus G, Atwood CS, Zhu X, Hartzler AW, Webber KM, Perry G, Bowen
RL, Smith MA. Evidence for the role of gonadotropin hormones in the
development of Alzheimer disease. Cell Mol Life Sci. 62:293-298, 2005).

This suggests that the level of serum soluble LHCGR may be indicative of a

susceptibility to Alzhemier’s disease.

Therefore, in a further aspect, the present invention provides a method of
diagnosing Alzheimer’s disease or a susceptibility thereto in a human or non-
human animal patient, which comprises assaying a sample of body fluid (e.g.
serum (blood), urine or semen) removed from the patient to determine the
presence of a soluble LHCGR polypeptide according to the present invention.
The assay may be particularly useful in elderly persons or those who are otherwise
at a higher than normal risk of the disease. The presence of particular levels of the
soluble LHCGR polypeptide in the body fluid may suggest or be diagnostic of

Alzheimer’s disease or a susceptibility thereto.

In a further aspect of the present invention, there is provided the use of an
ahtibody or other specific binding partner to the soluble LHCGR polypeptide
according to the present invention in the preparation of a composition for use in
an assay for diagnosing Alzheimer’s disease or a susceptibility thereto in a human

or animal patient by the above method.

The assay methods mentioned above are suitably selected from known specific
protein assays, and may be qualitative or quantitative or semi-quantitative.
Quantitative specific protein binding assays are preferred. A variety of such
assays are commercially available, as will be well known to those skilled in this
art. These assays may, for example, be direct binding immunoassays or solid-

phase immunoassays. Solid-phase immunoassays are preferred in the present
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invention. Such assays may, with simple modifications according to the different
species to be assayed, be used to measure free soluble LHCGR polypeptide, free
complexes of soluble LHCGR polypeptide and hormone, and free uncomplexed
hormone, amongst others. Particularly preferred are specific immunoassays such
as enzyme-linked immunosorbent assays (ELISA) and radio-immunometric

assays (RIMA).

It is preferred that the sample of body fluid obtained from the patient is pre-treated
to assist the subsequent assay procedure. For exaﬁple, tissue components such as
cells or spermatozoa may be removed, e.g. by centrifugation, and other protein
components such as albumin and globulin may be removed by standard methods

to prevent possible interference or masking of the assay results.

The present invention also has therapeutic and/or prophylactic applications,

particularly in the following areas of human reproductive and other medicine:

A. Down’s Syndrome, polycystic ovarian syndrome and other pregnancy

disorders

As described above, one of the important aspects of this invention is that
sLHCGR detected in serum and follicular fluid is capable of binding the
hormones LH and hCG. This aspect of the observation has therapeutic
significance on the basis that the functionally active free hormone concentration
in blood could be inversely related to the SLHCGR concentration. Therefore, high
serum SLHCGR could have a pathological effect in various clinical conditions.
For example, in Down’s syndrome (DS) and in other pregnancy disorders, total
serum hCG concentrations are high. However, as described below (Fig. 5), the
sLHCGR concentrations in DS pregnancies are also significantly higher compared
to those of normal pregnancies. This suggests that active free hCG available for

physiological maintenance of pregnancy could be significantly lower than that of



WO 2005/100397 PCT/GB2005/001473

10

15

20

25

30

39

normal pregnancy. A parallel situation exists in women with PCOS where serum

LH concentrations are usually high.

The goal of the therapeutic application would be to achieve physiological
concentrations of hormones by employing antagonists (specific binding partners)
that prevent sSLHCGR from binding to LH or hCG hormones in the blood. The
antagonists could be of at least two different forms: humanized monoclonal
antibodies against SLHCGR which can neutralize its hormone binding activity, or
in vitro designed compounds which could specifically target and block the
hormone binding sites of SLHCGR. Antibodies (also called immunoglobulins)
are proteins which are produced and secreted by a special type of blood cells (B
lymphocytes) in response to foreign substances (antigen). Monoclonal antibodies
are a homogeneous population of proteins produced against a specific region of

the protein (epitope) and are secreted by a single clone.

Therefore, in a further aspect, the present invention provides a method of treating
or preventing a disease or condition selected from Down’s syndrome, polycystic
ovarian syndrome and other pregnancy disorders in a female human or non-
human animal patient suffering therefrom or susceptible thereto, which comprises
administering to the patient an effective amount of one or more agent selected
from the soluble LHCGR polypeptide according to the present invention, an
antibody or other specific binding partner thereto and an anti-idiotypic antibody to
such an antibody or specific binding partner.

In a further aspect of the present invention, there is provided the use of one or
more agent selected from the soluble LHCGR polypeptide according to the
present invention, an antibody or other specific binding partner thereto, and an
anti-idiotypic antibody to such an antibody or specific binding partner, in the
preparation of a composition or compositions for treating or preventing a disease

or condition selected from Down’s syndrome, polycystic ovarian syndrome and
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other pregnancy disorders in a female human or non-human animal patient

suffering therefrom or susceptible thereto by the above method.

The treatment and composition(s) may if desired further comprise one or more
further active and/or inactive agents, as will be well within the normal knowledge
of those skilled in this art. For example, effective amounts of one or more
reproductive hormone such as hCG or LH may be co-administered in the
treatment. The use of appropriate carriers and other inactive materials in the

compositions is discussed further below.

B. Alzheimer’s disease

Similarly, the present invention further provides a method of treating or
preventing Alzheimer’s disease in 2 human or non-human animal patient suffering
therefrom or susceptible thereto, which comprises administering to the patient an
effective amount of one or more agent selected from the soluble LHCGR
polypeptide according to the present invention and an antibody or other specific

binding partner thereto.

The invention further provides the use of one or more agent selected from the
soluble LHCGR polypeptide according to the present invention and an antibody
or other specific binding partner thereto in the preparation of a composition or
compositions for treating or preventing Alzheimer’s disease in a human or non-
human animal patient suffering therefrom or susceptible thereto by the above

method.

As in the case of the treatment of pregnancy disorders discussed above, the
treatment and composition(s) for Alzheimer’s disease may if desired further
comprise one or more further active and/or inactive agents, such as one or more

reproductive hormones such as hCG or LH.
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Other related uses of the materials according to the present invention can also be

identified.

Thus, for example, a nucleotide sequence according to the invention may be used
as a hybridisation probe for RNA, cDNA and genomic DNA to isolate full-length
cDNAs and genomic clones encoding soluble polypeptide according to the
invention and to isolate cDNA and genomic clones of other genes that have a high

identity, particularly high sequence identity, to the LHCGR gene.

The nucleotide sequence may include, for example, unprocessed RNAs, ribozyme
RNAs, hair-pin RNAs for use as interference RNAs, small interfering RNAs
(siRNAs), mRNAs, cDNAs, genomic DNAs, B-DNAs, E-DNAs and Z-DNAs.

The antibodies can be employed to isolate or to identify clones expressing the
polypeptides or polynucleotides of the invention or to purify the polypeptides or
polynucleotides by, for example, affinity chromatography.

The polynucleotides, polypeptides and antibodies that bind to or interact with a
polypeptide of the present invention can also be used to configure screening
methods for detecting the effect of added compounds on the production of mRNA
or polypeptide in cells. For example, an ELISA assay can be constructed for
measuring secreted or cell associated levels of polypeptide using monoclonal and
polyclonal antibodies by standard methods known in the art. This can be used to
discover agents which can inhibit or enhance the production of polypeptide (also
called antagonist or agonist, respectively) from suitably manipulated cells or

tissues.

The materials of the present invention can also be used to screen for compounds
which agonise or antagonise the cell-bound (mature) LHCG receptor in vivo. The

method of screening can involve high-throughput techniques. For example, to
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screen for agonists or antagonists, a synthetic reaction mix, a cellular

compartment, such as a membrane, cell envelope or cell wall, or a preparation of
any thereof, comprising soluble LHCGR polypeptide and a labelled substrate or
ligand of such polypeptide is incubated in the absence or the presence of a
candidate molecule that may be a soluble LHCGR agonist or antagonist. The
ability of the candidate molecule to agonize or antagonize the LHCGR
polypeptide is reflected in decreased binding of the labelled ligand or decreased
production of product from such substrate. Detection of the binding interaction
can be enhanced using a reporter system, as is known in this art. Reporter
systems that can be useful in this regard include but are not limited to
colorimetric, labelled substrate converted into product, a reporter gene that is
responsive to changes in LHCGR polynucleotide or polypeptide activity, and
binding assays known in the art.

Tnhibitors of the soluble LHCGR in vivo may be identified, in a generally similar
maner, in suitable screens in which a candidate compound is screened for its
ability to bind to soluble LHCGR polypeptides according to the present invention.
Such screens may be carried out in respect of a plurality of compounds, for

example, from a compound library.
An agonist or antagonist of the cell-bound receptor, or an inhibitor of the soluble
receptor, identified using such a screen may be syntﬁesised and formulated into a

pharmaceutical composition for use.

Compositions and Delivery Routes

For the in vitro aspects of the present invention — e.g. the preparation and handling
of materials or the performance of assays — the polypeptide, polynucleotide,
antibody or other specific binding partner, or other active agent(s), are typically

carried and used in conventional carrier systems and compositions, for example
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aqueous media, preferably adapted for the particular purpose, in ways which will
be well known to those skilled in this art.

For the in vivo — e.g. the therapeutic - aspects of the present invention, the
polypeptide or an antibody or other specific binding partner thereto, or other
active agent(s), is/are preferably supplied to a patient by injection. Alternatively,
the polypeptide or its specific binding partner may be supplied orally or topically.
Any composition form which is suitable for the desired administration route may
be used to deliver the material(s) to the desired location within the patient, as will

be well known to those of ordinary skill in this art.

Preferably, the active agent(s) is/are supplied to a patient by intra-arterial,

intravenous, intramuscular, intra-peritoneal or subcutaneous injection.

Where more than one active agent is to be delivered to the patient, the different

agents may be administered simultaneously or sequentially.

Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of example

only, and with reference to the accompanying drawings, in which:

Figure 1 shows a schematic representation of the functions of the reproductive
hormones FSH, LH and hCG in spermatogenesis, egg maturation, ovulation and

ovarian hyperstimulation;

Figure 2 shows (top blot and lower blot) Western blots of LHCGR protein
isoforms in (top blot) normal human placenta and (lower blot) human placenta in
pre-eclampsia (PE) patients and in PE patients with intra-uterine growth

restriction (IUGR); (C) quantitative expression of mature LHCGR protein in early
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pregnancies, late pregnancies and in PE pregnancies; and (D) quantitative ratios of
p68:p48 (white bars) and p48:p68 (black bars) LHCGR isoforms (p68 = MW c.
68; p48 = MW c. 48) in early pregnancies, late pregnancies and in PE

pregnancies;

Figure 3 shows (A) Western blots of serum from a 12-week pregnant woman and
follicular fluid from a woman undergoing ovarian hyperstimulation, at three
concentrations each and using two elution buffers, as described; (B) Western blots
of sera from two 12-week pregnant women and follicular fluid from three women
undergoing ovarian hyperstimulation, as described; and (C) Western blots of
samples corresponding to the samples in B after exposure to anti-human LHCGR

antibody, as described;

Figure 4 shows (top left blot) Western blots of LHCGR protein isoforms in late
placental tissue, serum and follicular fluid, as described; (top right blot) Western
blots of samples corresponding to the samples in the top left blot after exposure to
anti-human LHCGR antibody, as described; (lower left blot) Western blots of
LHCGR protein isoforms in late placental tissue, serum and follicular fluid after
exposure to radiolabelled hCG hormone, as described; and (lower right blot)
Western blots of samples corresponding to the samples in the lower left blot after
exposure to radiolabelled hCG hormone and unlabelled recombinant hCG

hormone, as described;

Figure 5 shows (A) Western blots of LHCGR isoforms in serum from women
with normal (control) and Down’s syndrome pregnancies, as described (A, top
panel: after immunostaining with mouse monoclonal anti-LHCGR antibody; A,
middle panel: after further exposure to mouse monoclonal anti-human serum
albumin; A, lower panel: after staining with Coomassie blue); and (B) quantitative
expression of serum soluble LHCGR (sLHCGR) in various pregnancy conditions

as stated;
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Figure 6 shows schematically diagnostic test protocols for detecting SLHCGR in
body fluids;

Figure 7 shows Western blots of isolated LHCGR proteins obtained from various
sources, as well as reference materials, under the immunostaining protocols:
LHR29 anti-LHCGR antibody (Figure 7a); LHR29 anti-LHCGR antibody
followed by staining with Coomassie blue and destaining (Figure 7b); non-
specific mouse IgGG antibody (Figure 7c); non-specific mouse IgG antibody
followed by staining with Coomassie blue and destaining (Figure 7d); LHR29
anti-LHCGR antibody (Figure 7e, lanes 1 and 2); and MCA 329 anti-hCG B
monoclonal antibody (Figure 7e, lanes 3 to 6); and

Figure 8 shows (a) the arrangement of the full human LHCGR gene (exons); (b)
the full human LHCGR c¢DNA sequence; and (c) the full human LHCGR protein

sequence, as described.

Detailed Description of the Drawings

Refen‘ing firstly to Figure 1, this shows schematically the functions of the
reproductive hormones FSH, LH and hCG in spermatogenesis, egg maturation,

ovulation and ovarian hyperstimulation.

The hypothalamus releases GnRH which stimulates FSH and LH secretion from
the pituitary. FSH stimulates sperm production and maturation of the ovarian
follicles. LH induces the production and secretion of sex steroids from gonads
i.e., testosterone and oestrogen. In males, LH binds to its receptor on Leydig cells
and facilitates the production and secretion of testosterone. In the ovary, LH
binds to thecal cells and stimulates the production of testosterone which is
converted to oestrogen by neighbouring granulosa cells. Additionally, in females,

an LH surge facilitates the ovulation and luteinisation of the ovary (corpus
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leuteum) following release of the egg. The hCG produced by the placenta sustains
the corpus leuteum which secretes progesterone and oestradiol that are vital for
implantation of the embryo. Oestrogen and testosterone negatively regulate
GnRH, LH and FSH production. In ovarian hyperstimulation treatment, the
production of natural FSH and LH is blocked by GnRH agonists (Buserelin,
Nafarelin) or antagonists (Cetrorelix) and maturation of eggs is induced by
exogenously injected FSH, LH and hCG. The LH and hCG have the same
receptor, LHCGR. This receptor has at least two forms, including the membrane
bound mature (MLHCGR) form as known in the prior art and the free soluble
(sLHCGR) form the subject of the present invention. The sSLHCGR released into
the circulation can bind LH/hCG and can interfere with their functions. The data
reported below show that SLHCGR is released into the circulation and binds LH

and hCG hormones.

Figure 2 shows the occurrence of various LHCGR protein isoforms expressed in
normal placenta and in placenta from patients with pre-eclampsia (PE) and PE
with intra-uterine growth restriction (IUGR). PE was defined as gestational
hypertension with proteinurea which developed for the first time in labour or in
puerperium. Gestational hypertension was defined as systolic blood pressure >
140 mm Hg and diastolic blood pressure > 90 mmHg. Proteinurea was defined as
> 300 mg total protein in 24h collection or 2-3 + by dipsick on two consecutive
measurements separated by 4-5h. IUGR was defined as a birth weight below the

5™ percentile of the reference group.

LHCGR;, = mature functional LHCGR; M,, relative molecular mass of the
proteins. *, P<0.05.

In this test, the concentrations of LHCGR are measured relative to B-Actin, an

unchanging internal control.
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The placental tissue extract containing 15-20 ug of total protein was loaded on
each lane and was separated in 9% polyacrylamide-sodium dodecyl sulphate
(SDS) gels under reducing conditions. The proteins were transferred to PVDF
membrane (Immobilon P, Millipore, Watford, UK), and immunoreacted with a
mouse monoclonal antibody against human LHCGR (LHR-29). Immuno-stained
Western blots were developed using enhanced chemi-luminescence (ECL) reagent
(Amersham Biosciences, Buckinghamshire, UK) as decscribed in Banerjee ef al.,
Quantitative recovery of immunoreactive proteins from clinical samples following
isolation of RNA and DNA, BioTechniques 35: 450-456, 2003.

In order to quantify the LHCGR isoforms, the blots were stripped and re-probed
with anti-human mouse B-Actin monoclonal antibody, clone 15 (Sigma, UK). The
intensity of the bands was measured by densitometric scanning (Alpha-Imager)
the bands of the experimental samples and the values were normalized to that of

B-Actin.

The top blot in Figure 2 shows Western blots of proteins from samples of normal
early (8-12 weeks (wks)) (lanes 1 to 9) and late (36-39 wks) (lanes 10 to 17)
human placenta. At least 5-6 isoforms of LHCGR including the membrane-bound
functional LHCGRy, (85 kD) and soluble sSLHCGR (MW 45-48 k) proteins are

visible.

The lower blot in Figure 2 shows Western blots of proteins from samples obtained
from patients with PE (lanes 1 to 12, 15 and 17) or PE with ITUGR (lanes 13, 14
and 16).

Figure 2C shows quantitatively the expression of the mature LHCGR,, in early,

late pregnancies and in PE pregnancies.
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Figure 2D shows quantitatively the relative expression of LHCGR isoforms p48
and p68, presented as p68:p48 or p48:p68.

This test shows that the expression of SLHCGR (p48) is significantly higher in PE

than in control (normal) pregnancies.

Figure 3 shows the results of tests to show that the soluble LHCGR of the present

invention is detectable in the human serum and follicular fluid.

In the tests the results of which are shown in Figure 3A, the human serum from a
woman of 12 wks pregnancy and follicular fluid from a woman undergoing
ovarian hyperstimulation (as is done in in vitro fertilisation (IVF) procedures)
were absorbed to Proteoprep Blue resin (Proteoprep Kit, Sigma). The albumin and
globulin depleted proteins were eluted by an urea-based equilibration buffer and
three concentrations for each sample (lanes 1-6; 5, 10 and 20 pg) and the
corresponding bound proteins released by SDS-buffer (lanes 7-12) were loaded on
an 8% polyacrylamide SDS gel and stained with 0.25% Coomassie Brilliant blue
R (Sigma) in methanol (40%)-acetic acid (10%).

In the tests the resluts of which are shown in Figures 3B and 3C, albumin and
globulin depleted sera from two 12 wk pregnant women (lanes 1 and 2) and
follicular fluid from three women undergoing ovarian hyperstimulation (lanes 3 to
5) were separated in a 9% polyacrylamide-SDS gel, blotted (B) and
immunoreacted (C) with anti-human LHCGR (LHR 29) antibody. The arrow (C,
lanes 1-5) indicates the ~48-50 kD (~48-50 k) band in serum and follicular fluid
that reacted with the antibody.

The tests reported in Figure 3 show that the soluble LHCGR is present in serum
and follicular fluid and is detectable by standard techniques.
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Figure 4 shows the results of tests to show that the serum and follicular fluid

SLHCGR are similar to that observed in late placental tissues in Western blot.

The extracts from term placenta (lanes 1-4) and albumin-globulin depleted serum
(lanes 5-6) and follicular fluid (lanes 7-8) were heat-denatured under non-
reducing (lanes 1, 3, 5 and 7) or reducing conditions (lanes 2, 4, 6 and 8), Figure
4A, Coomassie brilliant blue stain; Figure 4B, chemi-luminescence following
antibody reaction. Figures 4C and 4D, ligand blots of placenta, serum and
follicular fluid proteins with *I-hCG. The albumin-globulin depletion from
serum (lanes 3-5) and follicular fluid (lanes 6-8) was carried out exactly as
described in Figure 3 except that a salt-based (25 mM Tris-Cl, pH 7.5 and 150
mM NaCl) instead of urea-based equilibration buffer was used and eluted proteins
were heat denatured (lanes 3 and 5), denatured under reducing (lanes 1, 2, 4 and
6) conditions. The blots were blocked for 1h at 25°C in the presence of 1% casein
followed by incubation in the presence (C) of 0.1 uCi/ml of *I-hCG
(PerkinElmer, USA) or (D) '*’I-hCG plus 5pug/ml of unlabelled recombinant hCG
(Sigma, UK). Notably, in addition to 50kD sLHCGR, a 75 kD LHCGR isoform
is strongly binding to "*’I-hCG in serum and follicular fluid samples (indicated by

arrows).

Figure 5 shows the results of tests to show that the serum concentrations of
soluble LHCGR of the present invention in early Down’s syndrome pregnancies
(11 to 13 wks) are significantly higher compared with those of age-matched

control (normal) pregnancies.

The albumin-globulin depleted serum proteins (see the discussion of Figure 4
above) from early human pregnancy were resolved in 9% polyacrylamide-SDS
PAGE, electro-transferred to membrane (Immobilon P, Millipore, UK) and was
first immunostained with mouse monoclonal anti-LHCGR antibody (LHR 29)

(Figure 5A, top panel) and subsequently to the mouse monoclonal anti-human
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serum albumin (Clone ab10242, abcam, Cambridge, UK) which recognizes 65 kD
band (Figure 5A, middle panel ). The same blot was stained with Coomassie blue
(Figure SA, bottom panel). B, quantitative estimation of the serum LHCGR;
concentrations i1; Down’s syndrome and other trisomic pregnancies; The intensity
of soluble LHCGR (LHCGR;) bands in the experiments shown in Figure 5A and

others were normalised with albumin band as internal controls.

The results demonstrate that LHCGRs concentration in Down’s syndrome
pregnancies is significantly higher compared to that of control and other trisomic

pregnancies; n = number of patients, **, p<0.01

Figure 6 shows schematically diagnostic test protocols for detecting SLHCGR in

body fluids such as serum, seminal plasma, urine and follicular fluid.

As shown in Figure 6A, blood or follicular fluid may be obtained from a patient
and placed in a suitable diagnostic container separated from the patient’s body.
The sample is then depleted of albumin and globulin and subjected to Western
blotting or another suitable technique for separating the proteins of the sample
according to their molecular weight and providing the proteins in a form

(preferably immobilised) suitable for subsequent assaying.

The resultant proteins are then assayed using a suitable specific binding assay to
determine the presence or absence, preferably in a quantitative or semi-

quantitative manner, of an LHCGR protein.

As shown in Figure 6B, semen may be obtained from a patient and placed in a
suitable diagnostic container separated from the patient’s body. The sample is
then centrifuged at a rotation speed sufficient to separate the spermatozoa and
other separable material and leave a supernatant of seminal plasma (e.g. 1500 x g

or 1.5K). The supernatant is then separated off and recentrifuged (e.g. under the
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same conditions). The resulting supernatant is then separated off and subjected to
Western blotting or another suitable technique for separating the proteins of the
sample according to their molecular weight and providing the proteins in a form

(preferably immobilised) suitable for subsequent assaying.

The resultant proteins are then assayed using a suitable specific binding assay to
determine the presence or absence, preferably in a quantitative or semi-

quantitative manner, of an LHCGR protein.

As shown in Figure 6C, urine may be obtained from a patient and placed in a
suitable diagnostic container separated from the patient’s body. The sample is
then subjected to Western blotting or another suitable technique for separating the
proteins of the sample according to their molecular weight and providing the

proteins in a form (preferably immobilised) suitable for subsequent assaying.

The resultant proteins are then assayed using a suitable specific binding assay to
determine the presence or absence, preferably in a quantitative or semi-

quantitative manner, of an LHCGR protein.

Any suitable protein assay protocol having the necessary degree of specificity to
the soluble LHCGR protein of the present invention may be used. Preferred assay
protocols include RIMA (radio-immunometric assay) and ELISA (enzyme-linked
immunosorbent assay). Specific binding assays are well known in the art and

detailed discussion is not required here.

Figure 7 shows the results of tests to show that SLHCGR complexes with hCG in

serum and follicular fluid.

sLHCGR-hCG complex was isolated from pregnant human serum (12 wks

gestation) and follicular fluid by affinity purification carried out using activated
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PreACT™ Agarose ALD chromatography matrix (Novagen Inc. Wisconsin,
USA). The monoclonal antibody LHR 29 (2.5 mg/ml) was coupled to the matrix
in the presence of sodium cyanoborohydride. Affinity purification was performed
according to the protocol provided by the kit. The bound proteins were eluted
with 100 mM Glycine, pH 2.8. The neutralised eluted proteins were concentrated

using Vivaspin 500 columns (Vivascience AG, Hannover, Germany).

The affinity purified and concentrated materials were resolved in 8%
polyacrylamide-SDS gels, electro-transferred to PVDF (Immobilon P, Millipore,
Watford, UK).

A portion of each purified material was subjected to disulfide bond reduction
using 100 mM 1,4-dithiothreitol (DTT).

The resultant four samples were serum isolate (unreduced), assigned to lane 2 of
Figures 7a to 7d (indicated as “Serum (UR)”); serum isolate (reduced), assigned
to lane 3 of Figures 7a to 7d (indicated as “Serum (R)*); follicular fluid isolate
(unreduced), assigned to lane 4 of Figures 7a to 7d (indicated as “Follicular Fluid
(UR)”); and follicular fluid isolate (reduced), assigned to lane 5 of Figures 7a to
7d (indicated as “Follicular Fluid (R)”).

A reference sample of a recombinant LHCGR epitope containing protein was
obtained from HEK 293 (LHR ECD), a cell line expressing N-terminal 362
aminoacid residues of human LHCGR (kindly provided by Prof. Axel Themmen,
Erasmus Universty, Rotterdam, The Netherlands). In the expression vector, LHR
ECD is fused to a tag peptide (YPYDVPDYA) from the hemagglutinin 1 (HA1)
epitope of influenza virus and tetracycline-inducible promoter. The reference
sample was assigned to lane 1 of Figures 7a to 7d. As shown in Figure 7a (lane
1), two bands are visible from HEK 293 extract. These bands (at about 48K and

44K, variance probably caused by differences in glycosylation) are known to be
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LHCGR specific because they are also recognised by 12CAS5 anti-HA1 antibody
antibody in Western blots and are inducible by tetracyclin. The lane to the left of

lane 1 in Figure 7a is a shorter exposure of lane 1.

The samples thus obtained were immunostained with primary (1°) antibodies as
indicated (Figure 7a = mouse monoclonal LHR 29; and Figure 7¢c = control
mouse immunoglobulin G (IgG, Sigma, St. Louis, MO, USA) having no affinity
for LHCGR). The secondary antibody (2°) for both blots was a goat anti-mouse
IgG (H+L)-HRP conjugated (Chemicon International, Temecula, CA, USA).
Following immunostaining, the dried blots were stained with 0.25% Coomassie
brilliant blue in 40% methanol and destained (Figure 7b and Figure 7d).

Affinity-purified samples of the complex obtained from serum and follicular fluid

were subjected to the further tests, the results of which are shown in Figure 7e.

In Figure 7e, lane 1 relates to an affinity purified sample obtained from serum and
immunostained with LHR 29 (anti LHCGR); lane 2 relates to an affinity purified
sample obtained from follicular fluid and immunostained with LHR 29; lane 3
relates to the same affinity purified sample obtained from serum (as lane 1) and
immunostained with MCA 329 (anti-hCG [ monoclonal antibody, Serotec,
Oxford, UK); lane 4 rélates to the same affinity purified sample (as lane 2)
obtained from follicular fluid and immunostained with MCA 329; lane 5 relates to
a reference sample containing 0.5 ng of recombinant hCG standard (Sigma, St.
Louis, MO, USA) in a comparable medium; and lane 6 relates to a second
reference sample containing 1.0 ng of recombinant hCG standard (Sigma, St.

Louis, MO, USA) in a comparable medium.

Notably, in addition to the major 50 K (M), affinity purification revealed a minor
(M;, 62 K) LHCGR-specific band indicated by arrows in Figure 7a and Figure 7e.

The * in Figure 7c is a barely visible non-specific band reacting with the control
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IgG. This band (of M; 47 K in Figure 7a (lanes 2-5) and Figure 7e (lanes 1-2)) is
migrating just below the major 50 K specific band.

The results shown in Figure 7 show that the samples derived from the pregnant
serum and the follicular fluid contained material which is a complex containing
both soluble LHCGR and hCG.

Figure 8a shows the human LHCGR gene (exons), which is known to be located
at chromosome 2p21 (HUGO GeneID: 3973, Locus tag: HGNC:658)). The
LHCGR gene is about 70 kb and has 11 exons which are separated by 10 introns.
At least six LHCGR mRNA variants arising from alteranative splicing have been

reported. Deletions of exons 8, 9, 10 and part of exon 11 are most common.

Figure 8b and SEQ. ID. NO. 4 show the mature LHCGR cDNA sequence
(GenBank sequence ID: NM_000233). The start of each exon is marked by the
letter v above the sequence, the point of the v signifying the change of exon. T he
number of the exon starting at that point is shown to the right of each v. About
half of the cDNA is made up of exons 1-10 and the other half by exon 11. The

potential alternative splice sites (ttgcag) within the cDNA are shown.

Figure 8c and SEQ. ID NO. 3 show the full-length LHCGR protein (SwissProt
ID P22888; NCBI reference sequence number NP 0000224). In addition to
residues 1-24 signal peptide, the LHCGR protein has three domains: the
extracellular domain (EC domain) consists of N-terminal ~340 residues and is
primarly responsible for LH/hCG hormone binding (this region is coded by exons
1-10 and a part of exon 11); the transmembrane (TM) domain, anchored to cell
membrane; and a small intracellular (IC) domain which binds to G-proteins for

signal transduction.

The region (amino acid residues 75-406, shown in brackets {}) has been used to

produce mouse monoclonal antibodies LHR29 and LHR74 where each recognizes

PCT/GB2005/001473
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different epitopes. In addition, a polyclonal rabbit antibody raised against residues
210-229 (shown in bold in Figure 8) was used to verify the results obtained with

mouse monoclonal antibody.

As previously mentioned, a number of polymorphisms have been observed in
exons 1 (insertion of aminoacids IQ at residue 18 being most common), in exons
8, 10 and 11. In addition, a large relatively number of activating mutations which
are primarily restricted to exon 11 (for example, A373V, M398T, L457R, 1542L,
D564G, A568V, M5711, A572V, I575L, T5771, D578G/Y/H/E, C581R) and
inactivating mutations (for example, insertion at residue 18 - LLKLLLLLQLQ,
deletions in exons 8, 10) and single nucleotide mutations at C131R, F194V,
C3438S, E354K, W491X, C543R, C545X, R554X, A593P, S616Y and 1625K.

Discussion of the Test Data

The above test data strongly indicate that the affinity purified MW 50-62 K
protein from pregnant human serum represents approximately 450-470 residues of
the N-terminal sequences of human LH/hCG receptor protein (LHCGR). This is
the isolatable, soluble, protein molecule newly recognised and used according to

the present invention.

The 50K protein in albumin-globulin depleted human pregnant serum can be

immunodetected by a monoclonal antibody (LHR29) which has been extensively

. characterised by Prof. Edwin Milgrom's lab (INSERM, Paris, France). LHR29

monoclonal antibody was originally obtained by immunizing mice with the
purified recombinant human receptor extracellular domain (aa 75-406) expressed
in Escherichia coli. The specificity of the antibody was verified by its ability to
immunoprecipitate recombinant receptor and immunopurify 125I—hC('_}-recoaptor
complexes from transfected cells, Western-blot with the immunogen,
immunocytochemistry of cells transfected by either the cloned receptor or a mock

vector. Patterns obtained by immunohistochemistry of human testis matched with
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results expected for a transmembrane receptor specific of Leydig cells (Meduri G,
Charnaux N, Loosfelt H, Jolivet A, Spyratos F, Brailly S & Milgrom E.
Luteinizing hormone/human chorionic gonadotropin receptors in breast cancer.
Cancer Research 1997, 57. 857-864). In addition, LHCGR isoforms in human
placental extract have recently been reported by an independent study with a
different monoclonal antibody, anti-LHR mAb clone 3B5 (Bukovsky A,
Indrapichate K, Fujiwara H, Cekanova M, Ayala ME, Dominguez R, Caudle MR,
Wimalsena J, Elder RF, Copas P, Foster JS, Fernando RI, Henley DC &
Upadhyaya NB. Multiple luteinizing hormone receptor (LHR) protein variants,
interspecies reactivity of anti-LHR mAb clone 3B5, subcellular localization of
LHR in human placenta, pelvic floor and brain, and possible role for LHR in the
development of abnormal pregnancy, pelvic floor disorders and Alzheimer's

disease. Reproductive Biology and Endocrinology 2003, 1: 46).

The specificity of LHR 29 has been further verified by employing two other
antibodies which recognize two different epitopes of LHCGR. LHR74, a mouse
monoclonal antibody and a rabbit polyclonal antibody (BP 605, Acris, Germany)
against residues 210-229 (H,N-HLEKMHNG AFRGATGPKTLD -COOH). Both
antibodies, unlike corresponding primary control IgGs, specifically stain affinity
purified 50K sLHCGR in Western blots (see Figure 7).

The 50-62K LHCGR binds hCG: Purification of the pregnant serum and
follicular fluid through an affinity matrix coupled to LHR29 results in isolation of
sLHCGR (50-62K) bound to hCG (Fig. 5). Affinity matrix coupled to
recombinant hCG and buffer controls failed to purify the SLHCGR from human
serum and follicular fluid (data not shown). This shows that SLHCGR is bound to
the ligand hCG in the serum and follicular fluid. It has been well established by
numerous laboratories that the extracellular domain (ECD) of LHCGR binds to
the hormone. Therefore, based on epitope interaction with three antibodies

described above and affinity data, it is credibly seen that the 50 K sLHCGR
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identified in this application represents 450-470 residues of the N-terminal half of
the mature human LHCGR protein.

As outlined above, LH and hCG have distinctly different functions in human
reproduction, although both hormones interact with a common receptor, LHCGR.
Of the multiple LHCGR isoforms produced by target cells, the mature full-length
receptor (mLHCGR) is anchored to the cell membrane while other isoforms
remain inside the cell. However, we have discovered that at least one LHCGR
isoform is released from the cells and can be detected in the blood and the ovarian
follicular fluid. This soluble receptor (termed sLHCGR) can bind hormone but
cannot deliver hormone function. The sLHCGR concentration in Down’s
syndrome pregnancies is significantly higher compared to that of age-matched
control pregnancies (Fig. 5), and the finding of the SLHCGR protein underlying

the present invention makes available other diagnostic and therapeutic methods.

The above broadly describes the present invention without limitation. Variations
and modifications as will be readily apparent to those of ordinary skill in this art

are intended to be within the scope of this application and subsequent patent(s).
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Gly

Gln

Leu Arg

Met Thr

Pro Arg

395

Leu
410

Tyr

Tyr Tyr

425

Ser
440

Cys

ttcteggege

ctgcgcgagg

cceggeccca

ccatctcaag

tccetggaaa

Thr

Ala Gly

tgcagctget

cgctcetgece

cggcecggtet

ctttcagagg

ggatagaagc
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Phe
350

Asp Ala

Val Leu Ile

365

Val
380

Leu Phe

Phe Leu Met

Leu Leu Leu

Ala
430

Asn His

Phe Phe

445

Thr

gaagctgctg

tgagccetge

cactcgacta

acttaatgag

taatgccttt

Asn Pro

Trp Leu
val

Leu

Asn
400

Cys

Ile
415

Ala

Ile Asp

Val Phe

ctgetgetge

aactgcgtge

tcacttgcct

gtcataaaaa

gacaacctcc
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tcaatttgtce
360

catttataaa
420

ttccagatgt
480

acttacacat
540

cactcaaact
600

cactgacttce
660

tecgtgggge
720

cgagcetatgg
780

aattgccatc
840

actgctgtge
900

aaaacttttc
960

cttcecatget
1020

ccaagacacc
1080

gctatgactt
1140

tgactgttct
1200

tgtgcaatct
1260

ttgattecca
1320

ggtgcagcac
1350

tgaaatactg

tectteceecgga

tacgaaggtc

aaccaccata

atatggaaat

actggagcta

cacagggccg

cctagagtcec

aagagaaaca

ttttagaaac

caaacaatgt

tgctgagagt

ccgatgtgcet

ccttagggte

ttttgttcte

ctcetttgea

aaccaagggc

tgctggettt

68

atccagaaca

ttaaaatact

ttetectetg

ccaggaaatg

ggatttgaag

aaggaaaacg

aaaaccttgg

attcagaggce

tttgtcaatc

ttgccaacaa

gaaagcacag

gaactgagtg

cctgaaccag

ctgatttgge

ctgacaagtc

gacttttgca

cagtactata

ttcactgtat

ccaaaaatct

tgagcatctg

aatcaaattt

cttttcaagg

aagtacaaag

tacatctgga

atatttcttce

taattgccac

teectggagge

aagaacagaa

taaggaaagt

gctgggacta

atgcttttaa

tgattaatat

gttacaaact

tggggctcta

accatgccat
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gagatacatt

taacacaggce

cattctggaa

gatgaataat

tcatgcattce

gaagatgcac

caccaaattg

gtcatcctat

cacgttgact

tttttcacat

gagtaacaaa

tgaatatggt

tcecetgtgaa

tctagcecatce

tacagtgcct

tetgetgete

agactggcag

gagcccggag

atcagaaagt

atttgtgata

gaatctgtaa

aatgggacga

aatggagccet

caggccctge

tctctaaaaa

tacceccagec

tccatttetg

acactttatt

ttectgettac

gacattatgg

atgggaaaca

cgttttctea

atagcctceag

acagggagtg
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SEQ. ID. NO.

3

<210> 3
699
PRT

<211l>
<212>
<213>

<400>

3

Met Lys Gln

1

Leu Gln

Pro Cys

Ala Gly
50

Pro Ser
65

Ser Gln

Leu Leu

Tyr Ile

Ser Ile

130

Phe Ser
145

Ile Thr

Val Thr

Pro

Asn

35

Leu

Gln

Ile

Asn

Glu

115

Cys

Ser

Thr

Leu

Human

Arg

Pro

20

Cys

Thr

Ala

Asp

Leu

100

Pro

Asn

Glu

Ile

Lys
180

Phe

Leu

val

Arg

Phe

Ser

85

Ser

Gly

Thr

Ser

Pro

165

Leu

Ser
Pro
Pro
Leu
Arg
70

Leu
Glu
Ala
Gly
Agn
150

Gly

Tyr

Ala

Arg

Asp

Ser

55

Gly

Glu

Ile

Phe

Ile

135

Phe

Asn

Gly

Leu

Ala

Gly

40

Leu

Leu

Arg

Leu

Ile

120

Arg

Ile

Ala

Asn

69

Gln

Leu

25

Ala

Ala

Asn

Ile

Ile

105

Asn

Lys

Leu

Phe

Gly
185

Leu

10

Arg

Leu

Tyr

Glu

Glu

20

Gln

Leu

Phe

Glu

Gln

170

Phe

Leu

Glu

Arg

Leu

Val

75

Ala

Asn

Pro

Pro

Ile

155

Gly

Glu

Lys

Ala

Cys

Pro

60

Ile

Asn

Thr

Gly

Asp

140

cys

Met

Glu

Leu

Leu

Pro

45

Vval

Lys

Ala

Lys

Leu

125

Val

Asp

Asn

Val
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Leu

Cys

30

Gly

Lys

Ile

Phe

Agn

110

Lys

Thr

Asn

Asn

Gln
190

Leu

15

Pro

Pro

Val

Glu

Asp

95

Leu

Tyr

Lys

Leu

Glu

175

Ser

Leu

Glu

Thr

Ile

Ile

80

Asn

Arg

Leu

Val

His

160

Ser

His
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Ala

His

Lys

225

Gly

Lys

Leu

Glu

Glu

305

Leu

Leu

Cys

Ile

Leu

385

Leu

Phe

Leu

210

Thr

Leu

Lys

Thx

Gln

290

Ser

Ala

Pro

Glu

Asn

370

Thr

Ser

Asn

195

Glu

Leu

Glu

Leu

Tyr

275

Asn

Thr

Glu

Lys

Asp

355

Ile

Ser

Phe

Gly

Lys

Asp

Ser

Pro

260

Pro

Phe

Val

Ser

Thr

340

Ile

Leu

Arg

Ala

Thr

Met

Ile

Ile

245

Ser

Ser

Ser

Arg

Glu

325

Pro

Met

Ala

Tyr

Asp

Thr

Ser
230

Gln

Arg

Lys

310

Leu

Arg

Gly

Ile

Lys

390

Phe

Leu

Asn

215

Ser

Arg

Glu

Cys

Ser

295

Val

Ser

Cys

Tyr

Met

375

Leu

Cys

Thr

200

Gly

Thr

Leu

Thr

Cys

280

Ile

Ser

Gly

Ala

Asp

360

Gly

Thr

Met

70

Ser

Ala

Lys

Ile

Phe

265

Ala

Ser

Asn

Trp

Pro

345

Phe

Asn

val

Gly

Leu

Phe

Leu

Ala

250

val

Phe

Glu

Lys

Asp

330

Glu

Leu

Met

Pro

Leu

Glu

Arg

Gln

235

Thxr

Asn

Arg

Asn

Thr

315

Tyr

Pro

Arg

Thr

Arg

395

TyTr

Leu

Gly

220

Ala

Ser

Leu

Asn

Phe

300

Leu

Glu

Asp

Vval

Val

380

Phe

Leu

Lys

205

Ala

Leu

Ser

Leu

Leu

285

Ser

Tyr

Tyr

Ala

Leu

365

Leu

Leu

Leu

Glu

Thr

Pro

Tyr

Glu

270

Pro

Lys

Ser

Gly

Phe

350

Ile

Phe

Met

Leu

Asn

Gly

Ser

Ser

255

Ala

Thr

Gln

Ser

Phe

335

Asn

Trp

val

cys

Ile

PCT/GB2005/001473

Val

Pro

Tyr

240

Leu

Thr

Lys

Cys

Met

320

cys

Pro

Leu

Leu

Asn

400

Ala
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Ser

Trp

Ala

Trp

465

Arg

Ile

Ile

Leu

Cys

545

Thr

Thr

Ala

val

Val

Gln

Ser

450

His

His

Ala

Cys

Thr

530

Tyxr

Asn

Asp

Phe

Leu
610

Asp
Thr
435
Glu
Thr
Ala
Met
Phe
515
Ile
Ile
Lys
Phe
Lys
595

Phe

Ser

420

Gly

Leu

Ile

Ile

Leu

500

Pro

Leu

Lys

Asp

Thr

580

Val

Tyr

405

Gln

Ser

Ser

Thr

Leu

485

Pro

Met

Ile

Ile

Thr

565

Cys

Pro

Pro

Thr

Gly

Val

Tyr

470

Ile

Leu

Asp

Leu

Tyr

550

Lys

Met

Leu

Ile

Lys

Cys

Tyxr

455

Ala

Met

Val

Val

Asn

535

Phe

Ile

Ala

Ile

Asn
615

Gly

Ser

440

Thr

Ile

Leu

Gly

Glu

520

Val

Ala

Ala

Pro

Thr

600

Ser

71

Gln

425

Thr

Leu

His

Gly

val

505

Thr

val

Val

Lys

Ile

585

val

Cys

410

Tyr

Ala

Thr

Leu

Gly

490

Ser

Thr

Ala

Arg

Lys

570

Ser

Thr

Ala

Tyr

Gly

val

Asp

475

Trp

Asn

Leu

Phe

Asn

555

Met

Phe

Asn

Asn

Asn

Phe

ile

460

Gln

Leu

Tyr

Ser

Phe

540

Pro

Ala

Phe

Ser

Pro
620

His

Phe

445

Thr

Lys

Phe

Met

Gln

525

Ile

Glu

Ile

Ala

Lys

605

Phe

Ala

430

Thr

Leu

Leu

Ser

Lys

510

Val

Ile

Leu

Leu

Ile

590

Val

Leu

415

Ile

Val

Glu

Arg

Ser

495

Val

Tyr

Cys

Met

Ile

575

Ser

Leu

Tyxr
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Asp

Phe

Arg

Leu

480

Leu

Ser

Ile

Ala

Ala

560

Phe

Ala

Leu

Ala
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72
Ile Phe Thr Lys Thr Phe Gln Arg Asp Phe Phe
625 630 635
Phe Gly Cys Cys Lys Arg Arg Ala Glu Leu Tyr
645 650
Ser Ala Tyr Thr Ser Asn Cys Lys Asn Gly Phe
660 665
Pro Ser Gln Ser Thr Leu Lys Leu Ser Thr Leu
675 680
Ala Leu Leu Asp Lys Thr Arg Tyr Thr Glu Cys
690 695
SEQ. ID. NO. 4
<210> 4
<211s> 2120
<212> DNA
<213> Human
<400> 4
ggcecgcccat gaagcagcegg ttcteggege tgcagetget
60
agccgecget gccacgagcg ctgecgcgagg cgctctgecce
120
ccgacggege cctgegetge cceggeccca cggcecggtet
180
acctecctgt caaagtgatc ccatctcaag ctttcagagg
240
ttgaaatctc tcagattgat tccctggaaa ggatagaage
300
tcaatttgtc tgaaatactg atccagaaca ccaaaaatct
360
catttataaa tcttcccgga ttaaaatact tgagcatctg
420
ttccagatgt tacgaaggtc ttctectectg aatcaaattt
480
acttacacat aaccaccata ccaggaaatg cttttcaagg
540

PCT/GB2005/001473

Leu Leu Leu

Arg Arg Lys

Thr Gly Ser
670

His Cys Gln
685

gaagectgetg

tgagcectge

cactcgacta

acttaatgag

taatgccttt

gagatacatt

taacacagge

cattctggaa

gatgaataat

Ser Lys
640

Asp Phe
655

Asn Lys

Gly Thr

ctgetgetge

aactgcgtgce

tcacttgect

gtcataaaaa

gacaacctcce

gagcccggag

atcagaaagt

atttgtgata

gaatctgtaa
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cactcaaact
600

cactgacttc
660

tecgtgggge
720

cgagctatgg
780

aattgccate
840

actgctgtge
900

aaaacttttc
960

cttccatget
1020

ccaagacacc
1080

gctatgactt
1140

tgactgttcet
1200

tgtgcaatct
1260

ttgattcceca
1320

ggtgcagcac
1380

ccgtecatcecac
1440

tgcgattaag
1500

ctatgttgee
1560

atgtggaaac
1620

atatggaaat

actggagcta

cacagggccg

cctagagtece

aagagaaaca

ttttagaaac

caaacaatgt

tgctgagagt

ccgatgtget

ccttagggte

ttttgttete

ctectttgea

aaccaagggc

tgctggcttt

tctagaaaga

acatgccatt

cettgteggt

cactctctceca

73

ggatttgaag

aaggaaaacg

aaaaccttgg

attcagaggc

tttgtecaatce

ttgccaacaa

gaaagcacag

gaactgagtg

cctgaaccag

ctgatttggce

ctgacaagtc

gacttttgca

cagtactata

ttcactgtat

tggcacacca

ctgattatge

gtcagcaatt

caagtctata

aagtacaaag
tacatctgga
atatttettce
taattgcceac
tectggagge
aagaacagaa
taaggaaagt
gctgggacta
atgecttttaa
tgattaatat
gttacaaact
tggggctcta
accatgccat
tcgecaagtga
tcacctatgce
ttggaggatg
acatgaaggt

tattaaccat
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tcatgc§ttc
gaagatgcac
caccaaattg
gtcatectat
cacgttgact
tttttcacat
gagtaacaaa
tgaatatggt
tcecetgtgaa
tctageccate
tacagtgcect
tetgetgcete
agactggcag
actttetgtc
tattcacctg
gctettttet
cagtatttge

cctgattecte

aatgggacga

aatggagcct

caggccctge

tctctaaaaa

tacccceagece

tccatttetg

acactttatt

ttctgecttac

gacattatgg

atgggaaaca

cgttttctea

atagcctcecag

acagggagtg

tacaccctceca

gaccaaaagc

tctctaattg

ttececcatgg

aatgtggtgyg
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ccttettecat
1680

taatggctac
1740

atttcacctg
1800

ttatcacagt
1860

ccaatccatt
1920

tgagcaaatt
1980

cttacacctc
2040

tgaagttgte
2100

agtgttaact
2120

aatttgtgcet

caataaagat

catggcacct

aaccaactct

tctgtatgca

tggctgetgt

caactgcaaa

cacattgcac

gttacatcag

74

tgctacatta

acaaagattg

atctettttt

aaagttttac

atattcacta

aaacgtcggg

aatggcttca

tgtcaaggta

aaatttattt

ctaagaaaat

ttgccatete

tggttetttt

agacattcca

ctgaacttta

ctggatcaaa

cagctctcet
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tgcagttcga

ggcaatccte

agctgcecette

ttatcccatce

aagagatttc

tagaaggaaa

taageccttct

agacaagact

aacccagaat

atcttcaccg

aaagtaccte

aattecttgtg

tttettttge

gatttttcag

caatccacct

cgctacacag
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CLAIMS

An isolated soluble LHCGR polypeptide comprising the amino acid sequence
of SEQ. ID. No. 1, or variants, analogues or functional fragments thereof.

. A soluble LHCGR polypeptide of human origin comprising the amino acid

sequence of SEQ. ID. No. 1, or variants, analogues or functional fragments
thereof.

. A soluble LHCGR polypeptide of mammalian body fluid origin other than

ovarian follicular fluid and comprising the amino acid sequence of SEQ. ID.

No. 1, or variants, analogues or functional fragments thereof,

. A soluble LHCGR polypeptide according to any one of the preceding claims,

consisting essentially of the said amino acid sequence of SEQ. ID. No. 1, or
variants thereof having a relative molecular mass of approximately 48-50K as
determined according to its electrophoretic migration through denaturing
polyacrylamide gels using commercially available proteins of known

molecular weight as marker proteins to determine relative molecular mass,

. A soluble LHCGR polypeptide or variant or fragment according to claim 2, 3

or 4, in isolated form.

. A soluble LHCGR polypeptide or variant or fragment thereof according to

any one of the preceding claims, having at least about 66% identity to the

amino acid sequence of SEQ. ID. No. 1.

. A soluble LHCGR polypeptide or variant or fragment thereof according to

claim 6, wherein the degree of identity is at least about 83%.



WO 2005/100397 PCT/GB2005/001473

10

15

20

25

8.

10.

11.

12.

13.

14.

15.

76

An isolated polynucleotide capable of encoding a soluble LHCGR
polypeptide or variant or fragment thereof according to any one of claims 1 to
7.

An isolated polynucleotide capable of hybridising under stringent conditions
to the polynucleotide of claim 8.

An isolated polynucleotide according to claim 8 or claim 9, wherein the
polynucleotide is selected from the group combining of unprocessed RNA,
ribozyme RNA, hairpin siRNA, siRNA, mRNA, ¢cDNA, genomic DNA, 8-
DNA, E-DNA and Z-DNA.

An isolated polynucleotide according to claim 8, comprising the nucleotide
sequence of SEQ. ID. NO. 2.

An isolated polypeptide according to claim 1 or claim 5, being derived from a

mammalian polypeptide sequence obtained from nature.

An isolated polypeptide according to claim 12 wherein the mammalian

sequence is a primate, for example human, sequence.

A polypeptide according to any one of claims 1 to 7, 12 and 13 or a
polynucleotide according to any one of claims claim 8 to 11, for use as an

active pharmaceutical or diagnostic agent.

A polypeptide according to claim 14, for use in the diagnosis of a condition
selected from human infertility conditions, ovarian hyperstimulation, egg
maturation disorders, polycystic ovarian syndrome, miscarriage, Down’s

syndrome and other trisomic pregnancy conditions, molar pregnancy, pre-
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eclampsia, intra-uterine growth restriction, testicular cancer, ovarian cancer

and Alzheimer's Disease, or for use in the diagnosis of susceptibility thereto.

Use of a polypeptide according to any one of claims 1 to 7, 12 and 13 in the
preparation of a composition for use in the diagnosis of a condition selected
from human infertility conditions, ovarian hyperstimulation, egg maturation
disorders, polycystic ovarian syndrome, miscarriage, Down’s syndrome and
other trisomic pregnancy conditions, molar pregnancy, pre-eclampsia, intra-
uterine growth restriction, testicular cancer, ovarian cancer and Alzheimer's

Disease, or for use in the diagnosis of susceptibility thereto.

A method of diagnosing a condition selected from human infertility
conditions, ovarian hyperstimulation, egg maturation disorders, polycystic
ovarian syndrome, miscarriage, Down’s syndrome and other trisomic
pregnancy conditions, molar pregnancy, pre-eclampsia, intra-uterine growth
restriction, testicular cancer and ovarian cancer in a subject, or for use in the
diagnosis of susceptibility thereto, which comprises assaying a sample of
body fluid obtained from the subject for the presence of a soluble polypeptide
according to any one of claims 1 to 7, 12 and 13 or for the presence of a
hormone capable of binding thereto, or for the presence of a complex of said
polypeptide and said hormone, and making the said diagnosis having regard

to the assay result.

A method according to claim 17, wherein the body fluid is serum or urine.

A method of treating or preventing a pregnancy condition characterised by
high total but low free LH or hCG serum or urine concentrations in a subject
in need thereof, which comprises administering to the subject an effective
amount of an antagonist or specific binding partner of a soluble polypeptide

according to any one of claims 1 to 7, 12 and 13.



WO 2005/100397 PCT/GB2005/001473

10

15

20

25

20.

21.

22,

23.

24,

25.

26.

78

A method according to claim 19, wherein the antagonist or specific binding

partner is an antibody or other inhibitor of the said polypeptide.

A method according to claim 19 or claim 20, wherein the pregnancy
condition is selected from Down’s syndrome, other trisomic pregnancies and

polycystic ovarian syndrome.

A pharmaceutical composition comprising a polypeptide according to any
one of claims 1 to 7, 12 and 13 and a physiologically acceptable diluent,

excipient or carrier.

A pharmaceutical composition comprising a polynucleotide according to any
one of claims 8 to 11 and a physiologically acceptable diluent, excipient or

carrier.

An expression vector comprising a nucleotide sequence capable of encoding
a'soluble LHCGR polypeptide or variant, analogue or fragment thereof

according to any one of claims 1 to 7, 12 and 13.

A host cell comprising an expression vector according to claim 24.

Use of a polypeptide according to any one of claims 1 to 7, 12 and 13 or a
polynucleotide capable of encoding the same as an immunogen to produce an
antibody immunospecific for such polypeptides or polynucleotides
respectively or the use of an antibody specific to the said polypeptide or

polynucleotide to produce an anti-idiotypic antibody thereto.
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27. An antibody produced against a soluble LHCGR polypeptide consisting
essentially of the amino acid sequence of SEQ. ID. No. 1 or a variant,

analogue or functional fragment thereof, or an anti-idiotypic antibody thereto.

28. An antibody produced against a polynucleotide capable of encoding a soluble
LHCGR polypeptide consisting essentially of the amino acid sequence of
SEQ. ID. No. 1 or a variant, analogue or functional fragment thereof, or an
anti-idiotypic antibody thereto.

29. An antibody according to claim 27 or claim 28, which is specific and

preferably monoclonal.

30. An antibody according to any one of claim 27 to 29, in isolated form.

31. A method of diagnosing a risk of male or female infertility or difficulty to
conceive; or impaired ovarian hyperstimulation; or impaired egg maturation;
or polycystic ovarian syndrome; or risk of miscarriage; or Down’s syndrome;
or other trisomic pregnancy; or molar pregnancy; or pre-eclampsia; or intra-
uterine growth restriction; or testicular cancer; or ovarian cancer; or
Alzheimer’s disease; or a susceptibility thereto; in a human or non-human
animal patient, which comprises assaying a sample of body fluid removed
from the patient to determine the presence of a soluble LHCGR polypeptide

according to any one of claims 1 to 7, 12 and 13 or an antibody thereto.

32. The use of an antibody or other specific binding partner to the soluble
LHCGR polypeptide according to any one of claims 1 to 7, 12 and 13, or the
use of an anti-idiotypic antibody or other specific binding partner to a
naturally occurring antibody to the said soluble LHCGR polypeptide, in the
preparation of a composition or compositions for use in an assay for

diagnosing a risk of male or female infertility or difficulty to conceive; or
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impaired ovarian hyperstimulation; or impaired egg maturation; or polycystic
ovarian syndrome; or risk of miscarriage; or Down’s syndrome; or other
trisomic pregnancy, or molar pregnancy; or pre-eclampsia; or intra-uterine
growth restriction; or testicular cancer; or ovarian cancer; or Alzheimer’s

disease; or a susceptibility thereto; in a human or animal patient.

A method of treating or preventing a disease or condition selected from
Down’s syndrome, polycystic ovarian syndrome and other pregnancy
disorders; and Alzheimer’s disease in a human or non-human animal patient
suffering therefrom or susceptible thereto, which comprises administering to
the patient an effective amount of one or more agent selected from a the
soluble LHCGR polypeptide according to any one of claims 1 to 7, 12 and
13, an antibody or other specific binding partner thereto, and an anti-idiotypic

antibody to such an antibody or specific binding partner.

The use of one or more agent selected from the soluble LHCGR polypeptide
according to any one of claims 1 to 7, 12 and 13, an antibody or other
specific binding partner thereto, and an anti-idiotypic antibody to such an
antibody or specific binding partner, in the preparation of a composition or
compositions for treating or preventing a disease or condition selected from
Down’s syndrome, polycystic ovarian syndrome and other pregnancy
disorders; and Alzheimer’s disease in a human or non-human animal patient

suffering therefrom or susceptible thereto.
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