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7) ABSTRACT

Methods for diagnosing risk of miscarriage and/or prema-
ture birth, foetal abnormalities, cancer (e.g. prostate cancer)
and inflammatory disease (e.g. rheumatoid arthritis) are
disclosed which involve determining abnormal levels of
macrophage inhibitory cytokine-1 (MIC-1) in a body sample
or, otherwise, determining the presence of a MIC-1 variant
protein. Also disclosed are methods for reducing the risk of
miscarriage and/or premature birth in pregnant subjects, and
methods for treatment of inflammatory disease and/or can-
cer.
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FIGURE 1

Serum MIC-1 compared with PSA
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FIGURE 2

Data from 14 unselected patients
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FIGURE 4
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FIGURE 5
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FIGURE 6A
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FIGURE 7

Serial Serum Estimations of Pregnancy
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FIGURE 8
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FIGURE 9A

MIC-1 production by BeWo cells
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FIGURE 10
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FIGURE 11

H6 restriction map
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FIGURE 12
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FIGURE 14

MIC-1 level vs metastasis presence
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FIGURE 15
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FIGURE 19
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FIGURE 20

MIC-1 levels in normals and RA
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FIGURE 21
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FIGURE 22
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DIAGNOSTIC ASSAY AND METHOD OF
TREATMENT INVOLVING MACROPHAGE
INHIBITORY CYTOKINE -1 (MIC-1)

FIELD OF THE INVENTION

[0001] This invention relates to the field of medical diag-
nostics. In particular, the invention provides methods for
diagnosing risk of miscarriage and/or premature birth, fetal
abnormalities, cancer (e.g. prostate cancer) and inflamma-
tory disease (e.g. rheumatoid arthritis). The invention also
provides a method for reducing the risk of miscarriage
and/or premature birth in pregnant subjects.

BACKGROUND TO THE INVENTION

[0002] The transforming growth factor-p (TGF-f) super-
family consists of an increasing number of molecules that
regulate a variety of cellular processes such as growth,
differentiation and oncogenesis. Members of the TGF-f3
superfamily have been classified into major family group-
ings which include TGF-f, bone morphogenic protein
(BMP), growth and differentiation factor (GDF), inhibin/
activin, mullerian inhibitory substance (MIS), glial derived
neurotrophic factor (GDNF) and, more recently, macroph-
age inhibitory cytokine-1 (Bootcov et al., 1997). The
involvement of the TGF-} superfamily in human pregnancy
is indicated by the detection of TGF-f1, TGF-p2, TGF-3,
activin and inhibin in amniotic fluid and the localisation of
TGF-B1, activin and inhibin to the placental villi (Graham et
al., 1992; Petraglia et al., 1993a; Petraglia et al., 1992;
Minami et al., 1992; Lang and Searle, 1994; Qu and Tho-
mas, 1992; Altman et al.,, 1990; -Canniggia et al., 1999;
Wallace et al., 1997).

[0003] The TGF-B superfamily has been studied inten-
sively because of their biological importance and therapeutic
potential. Their biology and functions are well known and
have been extensively reviewed (e.g. Miyazono et al., 1993;
Wahl, 1992; and Roberts et al., 1993). They are potent
chemotactic factors for macrophages and fibroblasts and
generally inhibit cell proliferation, perhaps because of their
role in differentiation. In the context of inflammation, TGF-f3
is a potent stimulator of fibroblasts, collagen and matrix
protein synthesis, promotes angiogenesis, modulates expres-
sion of adhesion molecules and inhibits lymphocyte prolif-
eration, production of some lymphokines and NK cell func-
tion. TGF-p proteins have also been heavily implicated in
the pathogenesis of chronic inflammatory processes and
mechanisms.

[0004] The TGF-f superfamily is also thought to perform
multiple roles during pregnancy. The ability of the TGF-f3
isoforms to modulate cell-cell adhesion, cell migration and
tissue remodelling has led some authors to suggest that these
molecules may control trophoblast invasion and implanta-
tion in early pregnancy. Other possible roles include regu-
lation of fetal growth and suppression of the maternal
immune system. Placental cells are a major source of TGF-f3
superfamily molecules and are regulated by at least TGF-f31,
TGF-p3, activin and inhibin. For example, activin sup-
presses the production of inhibin and enhances progester-
one, human chorionic gonadotropin (hCG), and gonadotro-
pin-releasing hormone (GnRE) by placental cells (Petraglia
et al., 1989). Inhibin suppresses placental hCG, GnRH and
activin-induced progesterone release (Petraglia et al., 1989),
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while TGF-p1 suppresses placental derived human placental
lactogen (hPL) production. Activin and TGF-f3 have also
been shown to have opposing effects in regulating extravil-
lous trophoblast invasion in early pregnancy (Caniggia et al.,
1997; Caniggia et al., 1999). These findings suggest that
TGF-B1, TGF-f3, activin and inhibin regulate the growth
and differentiation of the placenta in an autocrine manner.
TGF-B1, activin and inhibin are also present in the embryo
proper where they have been demonstrated to regulate
growth and differentiation. In particular, TGF-f superfamily
members are well known for their ability to promote meso-
derm induction.

[0005] Tt has also been suggested that TGF-f superfamily
proteins promote foetal survival. Experimental evidence
suggests that the amniotic fluid concentration of the pro-
inflammatory cytolkines interleukin-1 (IL-1), IL-6, and
tumour necrosis factor-a. (TNF-o) rise during labour. Fur-
thermore, pro-inflammatory cytokine production accompa-
nying intrauterine infection has been associated with foetal
rejection or preterm labour (Romero et al., 1992; Hillier et
al., 1993; Opsjon et al.,, 1993). TGF-B1 and inhibin have
been shown to suppress the production of pro-inflammatory
cytolnes from macrophages and lymphocytes respectively
(Bogdan and Nathan, 1993; Petraglia et al., 1991) while
activin has pro-inflammatory effects on macrophages and
amnion (Nusing and Barsig, 1997; Petraglia et al., 1993b).
This has led to the suggestion that TGF-f1 and inhibin
promote foetal survival by suppressing the production of
pro-inflammatory cytokines by the maternal immune sys-
tem.

[0006] The present applicants have recently cloned and
characterised a divergent member of the TGF-p superfamily,
macrophage inhibitory cytokine-1 (MIC-1) (Bootcov et al.,
1997), whose expression is associated with macrophage
activation. In order to determine the nature of any role
MIC-1 may play in pregnancy, the present applicants have
developed a sensitive sandwich enzyme-linked immunosor-
bent assay (ELISA) for MIC-1 quantification and used this
to investigate the temporal relationship between human
maternal serum MIC-1 concentrations and gestation age,
and further, measured its concentration in amniotic fluid and
placental extracts. In addition, the present applicants have
conducted experimentation to delineate the origins of MIC-1
by assessing the capacity of a placental trophoblastic cell
line (BeWo) to synthesise the cytokine. The results pre-
sented hereinafter shows that MIC-1 is able to promote fetal
survival by suppressing the production of maternally-de-
rived pro-inflammatory cytokines within the uterus. Conse-
quently, quantitative diagnostic assays of MIC-1 in samples
of maternal serum, amniotic fluid and placental extracts
offers the possibility of detecting pregnant women with
abnormal levels of MIC-1 and which are thereby at risk of
miscarriage and/or premature birth.

[0007] In addition, the present applicants have found that
a number of allelic variants of MIC-1 exist, all of which
show minor amino acid sequence differences at positions 9,
48 and 202 (see International patent publication No. WO
97/00958, the entire contents of which is incorporated herein
by reference, wherein MIC-1 is referred to as CL13). The
most significant of these positions is amino acid position 202
since this corresponds to position 6 of the mature form of
MIC-1 (i.e. with the leader sequence having been removed
through cleavage). In some of the identified variants, the
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normal histidine (H) residue at position 202 (or “H6”) is
substituted with aspartic acid (D). This is due to a single
nucleotide substitution within the MIC-1 gene such that a
cytosine (C) at position 604 is substituted by a guanosine
(G). The present applicants have now recognised that sub-
jects which are either heterozygous or homozygous for the
Asp*®*-MIC-1 (or “D6”) allelic variant may have an altered
predisposition and disease course for inflammatory dis-
ease(s) and/or cancer(s).

DISCLOSURE OF THE INVENTION

[0008] Thus, in a first aspect, the present invention pro-
vides a method for the diagnosis or assessment of a disease
or condition characterised by an abnormal level of expres-
sion of MIC-1, said method comprising;

[0009] (i) determining the amount of MIC-1 present
in a body sample taken from a test subject, and

[0010] (i) comparing said determined amount
against the amount, or range of amounts, present in
equivalent body sample(s) taken from normal sub-

ject(s).

[0011] Divergence between the compared amounts would
indicate that the test subject has an abnormal level of MIC-1
expression which may be linked to a disease or condition.
For instance, in a preferred embodiment of the invention, the
detection of depressed MIC-1 amounts in a body sample,
preferably a sample of blood serum, amniotic fluid or
placental extracts, from a pregnant test subject would be
indicative of a condition wherein there may be an increased
risk of miscarriage and/or premature birth.

[0012] Thus, in a second aspect, the present invention
provides a method for the diagnosis of miscarriage risk
and/or premature birth, said method comprising;

[0013] (i) determining the amount of MIC-1 present
in a body sample taken from a pregnant test subject
having a known gestation age, and

[0014] (i) comparing said determined amount
against the amount, or range of amounts, present in
equivalent body sample(s) taken from normal preg-
nant subject(s) of a gestation age which is substan-
tially equivalent to said known gestation age of said
test subject.

[0015] As mentioned above, preferred body samples for
use in the method of the second aspect are samples of blood
serum, amniotic fluid or placental extracts. However,
samples of whole blood, plasma, urine and cerebrospinal
fluid may also be suitable.

[0016] The amount, or range of amounts, present in body
samples of normal pregnant subjects increases with advanc-
ing gestation age. It is therefore important that the deter-
mined amount of MIC-1 from the test subject sample be
compared with the MIC-1 amount(s) present in equivalent
sample(s) from normal pregnant subject(s) of substantially
equivalent gestation age. Thus, where the body samples used
are serum samples, a determined amount of less than or
equal to 4 ng/ml from a first trimester test subject, less than
or equal to 8 ng/ml from a second trimester test subject,. and
less than or equal to 12 ng/ml from a third trimester test
subject, would be indicative of depressed MIC-1 levels and
a consequent increased risk of miscarriage and/or premature
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birth. Where the body samples are amniotic fluid samples, a
determined amount of less than or equal to 10 ng/ml from a
second trimester test subject would be indicative of
depressed MIC-1 levels and a consequent increased risk of
miscarriage and/or premature birth. Finally, where the body
samples used are placental extracts, a determined amount of
less than or equal to about 18 ng/ml, more preferably less
than or equal to about 10 ng/ml, in a placental extract sample
of a third trimester test subject would be indicative of
depressed MIC-1 levels and a consequent increased risk of
miscarriage and/or premature birth.

[0017] Increased risk of miscarriage and/or premature
birth may be the result of abnormal pregnancy and/or
placental development associated-with depressed MIC-1
levels. That is, where abnormal placental development is
determined through detection of depressed MIC-1 levels,
this may be indicative of early induction of labour because
the fetus may be at risk if the placenta fails to develop and
grow normally.

[0018] Successfully assessing the risk of miscarriage and/
or premature birth in pregnant women allows for the pos-
sibility of preventative therapies and other measures (e.g.
rest, improved diet, ete.) to be applied.

[0019] The present invention also contemplates a method
of treatment to reduce the risk of miscarriage and/or pre-
mature birth, involving the administration of MIC-1.

[0020] Thus, in a third aspect, the present invention pro-
vides a method of treating a pregnant subject to reduce the
risk of miscarriage and/or premature birth, said method
comprising administering to said subject an effective amount
of MIC-1 optionally in admixture with a pharmacologically-
acceptable carrier and/or excipient.

[0021] Preferably, the amount administered results in the
total amount of MIC-1 (ie. the amount of administered
MIC-1 plus endogenous MIC-1) present in samples of
placental extracts being maintained in the range of 15 to 70
ng/ml, more preferably 30 to 50 ng/ml.

[0022] MIC-1 may be administered by any of the com-
monly known routes, for example, orally, nasally, intrave-
nously and intramuscularly. MIC-1 might also be adminis-
tered directly to the uterus. The invention also contemplates
the use of well known gene therapy techniques for MIC-1
administration, e.g. through the use of recombinant aden-
oviral or adenoviral-associated vectors including an express-
ible MIC-1-encoding nucleotide sequence, or through the
use of linear MIC-1-encoding DNA operably linked to an
appropriate promoter sequence and administered within
liposomes.

[0023] The method of the third aspect may lead to the
stimulation of placental growth and thereby overcome prob-
lems associated with abnormal placental development.

[0024] In another preferred embodiment of the invention,
the detection of depressed or elevated MIC-1 amounts in a
body sample from a pregnant test subject may be indicative
of a condition wherein there may be an increased risk of fetal
abnormalities.

[0025] Thus, in a fourth aspect, the present invention
provides a method for the diagnosis of foetal abnormalities,
said method comprising;



US 2004/0053325 Al

[0026] (i) determining the amount of MIC-1 present
in a body sample taken from a pregnant test subject
having a known gestation age, and

[0027] (i) comparing said determined amount
against the amount, or range of amounts, present in
equivalent body sample(s) from normal pregnant
subject(s) with a gestation age which is substantially
equivalent to said known gestation age of said test
subject.

[0028] The present applicants have also found that
elevated MIC-1 expression is associated with cancers and
the determination of the amount of MIC-1 from a suitable
body sample(s) of a test subject would allow for the diag-
nosis (and monitoring of progression) of cancers, particu-
larly prostate cancer, breast cancer, colonic cancer, rectal
cancer and bladder cancer. For example, in serum samples
from 50 subjects with either normal or elevated levels of
prostate specific antigen (PSA; a marker of prostate cancer),
a strong correlation was observed between MIC-1 and PSA
and, in some patients, MIC-1 levels of greater than ten-fold
above normal levels were determined (see FIG. 1). This
strongly suggests that MIC-1 should be useful as a tumour
marker and as a measure of progression in prostatic cancer.
Further, observations of expression of MIC-1 in a wide
range of epithelial cell types, indicates that MIC-1 may
similarly be a useful tumour marker for cancers of the breast,
colon, bladder and the like.

[0029] Thus, in a fifth aspect, the present invention pro-
vides a method for the diagnosis or assessment of a cancer
characterised by an abnormal level of expression of MIC-1,
said method comprising;

[0030] (i) determining the amount of MIC-1 present
in a body sample taken from a test subject, and

[0031] (i) comparing said determined amount
against the amount, or range of amounts, present in
equivalent body sample(s) from normal subject(s).

[0032] Preferably, the body sample used in the method of
the fourth aspect is a sample of blood serum, plasma, urine,
cerebrospinal fluid, synovial fluid, seminal fluid or tissue
biopsy.

[0033] Further, the present applicants have found that
elevated MIC-1 levels in certain body samples can be
associated with rheumatoid arthritis. For example, exami-
nation of biopsies of subjects after treatment with a high
dose of intravenously administered corticosteroid, showed a
marked decrease in MIC-1 expression in infiltrating cells
(see FIG. 2).

[0034] Thus, in a sixth aspect, the present invention pro-
vides a method for the diagnosis of rheumatoid arthritis, said
method comprising;

[0035] (i) determining the amount of MIC-1 present
in a body sample from a test subject, and

[0036] (i) comparing said determined amount
against the amount, or range of amounts, present in
equivalent body sample(s) from normal subject(s).

[0037] The body sample used in the method of the sixth
aspect may be a sample of urine, cerebrospinal fluid, seminal
fluid or tissue biopsy. However, preferably, the body sample
is a sample of blood serum or plasma, or synovial fluid.
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[0038] The amount of MIC-1 present in a body sample
may be readily determined by, for example, immunoassays
or immunohistochemistry (e.g. with sections from tissue
biopsies) using antibodies (monoclonal or polyclonal) or
fragments thereof against MIC-1. Anti-MIC-1 antibodies
and fragments thereof can be produced by any of the
methods known to the art.

[0039] 1In aseventh aspect, the present invention provides
a method of treating inflammation in a subject, said method
comprising administering to said subject an effective amount
of MIC-1 optionally in admixture with a pharmacologically-
acceptable carrier and/or excipient.

[0040] In an eighth aspect, the present invention provides
a method for the diagnosis or assessment of inflammatory
disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having aspartic acid at position 202 or a position
corresponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

[0041] In a ninth aspect, the present invention provides a
method for assessing a predisposition to inflammatory dis-
ease and/or cancer in a human subject, said method com-
prising determining the presence of a MIC-1 variant protein
having aspartic acid at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

[0042] Preferably, the inflammatory disease of the eighth
and ninth aspects is rheumatoid arthritis. Preferably, the
cancer of the eighth and ninth aspects is prostate cancer.

[0043] With regard to rheumatoid arthritis, detection of a
MIC-1 variant protein having aspartic acid at position 202 or
a position corresponding to position 202 of immature wild
type human MIC-1 is indicative of rheumatoid arthritis or a
predisposition to rheumatoid arthritis. With regard to pros-
tate cancer, detection of a MIC-1 variant protein having
aspartic acid at position 202 or a position corresponding to
position 202 of immature wild type human MIC-1 may be
indicative of an absence of prostate cancer or no or only a
low predisposition to prostate cancer.

[0044] The presence of the variant MIC-1 protein may be
readily determined by immunoassay using antibodies, or
fragments thereof, capable of discriminating between nor-
mal human or “wild type” MIC-1 or variants which have
histidine at position 202 and MIC-1 variants which have
aspartic acid at position 202. Such antibodies, or fragments
thereof, may be raised with MIC-1 or Asp?®*-MIC-1 using
any of the methods commonly known in the art. Alterna-
tively, suitably discriminating antibodies, or fragments
thereof, may be raised using immunogenic peptides, option-
ally conjugated to a carrier protein such as bovine serum
albumin, which include an epitope spanning position 202 of
immature human wild type MIC-1 protein or, in a variant
protein, spanning a position corresponding to position 202
of immature human wild type MIC-1. For instance, a&
antibody which specifically binds to Asp**>-MIC-1 may be
raised using an immunogenic peptide comprising the amino
acid sequence; Ala-Arg-Asn-Gly-Asp-AspCys-Pro-Leu
(SEQ ID NO: 7).

[0045] Preferably, the presence of MIC-1 protein having

aspartic acid at position 202 or a position corresponding to
position 202 of immature human wild type MIC-1 is deter-
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mined by immunoassay using an antibody which specifi-
cally binds to such a protein. However, where an antibody,
or fragment thereof, is used which is specific for wild type
MIC-1 and/or variants which have histidine at position 202
or a position corresponding to position 202 of immature
human wild type MIC-1, the absence of any detectable
binding, or a reduced level of binding, can be taken as being
determinative of the presence of a MIC-1 variant protein
having aspartic acid at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1. For such assays, it is preferred that a positive control
be conducted to ensure the presence of a MIC-1 protein in
the sample (e.g. by immunoassay with a non-discriminatory
antibody, or fragment thereof, which binds to both wild type
and variant MIC-1 proteins).

[0046] Preferred body samples for use in the method of the
first and second aspect are samples of whole blood, serum,
plasma and urine. Tissue biopsies may also be suitable.

[0047] Tt will be understood that subjects which are het-
erozygous or homozygous for a MIC-1 protein having the
normal histidine at position 202 or a position corresponding
to position 202 of immature human wild type MIC-1 may,
conversely, show a reduced predisposition to inflammatory
disease such as rheumatoid arthritis but an increased pre-
disposition to cancer(s) such as prostate cancer.

[0048] Thus, in a tenth aspect, the present invention pro-
vides a method for the diagnosis or assessment of inflam-
matory disease and/or cancer in a human subject, said
method comprising deter the presence of a MIC-1 variant
protein having histidine at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

[0049] Assessment of inflammatory disease and/or cancer
includes assessment of disease course. For example, it has
been found that MIC-1 genotype and MIC-1 levels are
predictive of cancer reappearance (e.g. after surgical
removal) and mortality. That is, subjects which are homozy-
gous for wild type MIC-1 (and/or variants which have
histidine at position 202 or a position corresponding to
position 202 of immature human wild type MIC-1), typi-
cally enjoy a longer duration to cancer reappearance (i.c.
after treatment) than heterozygous subjects or subjects
which are homozygous for Asp®**-MIC-1 variant. Further, it
has been found that of the subjects homozygous for wild
type MIC-1 (and/or variants which have histidine at position
202 or a position corresponding to position 202 of immature
human wild type MIC-1), those with high levels of MIC-1
in a body sample (e.g. serum) show reduced survival times.
Similarly, it has been found that of subjects suffering from
rheumatoid arthritis, those which are heterozygous or
homozygous for Asp*®>-MIC-1 variant are likely to experi-
ence a worse degree of disease than subjects which are
homozygous for wild type MIC-1 (and/or variants which
have histidine at position 202 or a position corresponding to
position 202 of immature human wild type MIC-1).

[0050] In an eleventh aspect, the present invention pro-
vides a method for assessing a predisposition to inflamma-
tory disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having histidine at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.
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[0051] The invention further relates to methods for diag-
nosing and assessing a predisposition to inflammatory dis-
ease and/or cancer in a human subject involving genotyping
(i.e. assessment of the allelic MIC-1 composition) of said
subject. Such methods may utilise immunoassays involving
discriminating anti-MIC-1 antibodies such as those
described above, but may alternatively involve an assess-
ment at the DNA level using polymerase chain reaction
(PCR) analysis or any other appropriate technique for
detecting single nucleotide differences between alleles
(Chapter 7 of Current Protocols in Human Genetics Supple-
ment 21, provides a review of a number of such techniques).

[0052] Thus, in a further aspect, the present invention
provides a method for genotyping a human subject in
relation to MIC-1, said method comprising determining
whether said subject is homozygous or heterozygous for a
MIC-1 protein having histidine at position 202 (e.g. wild
type MIC-1) or a position corresponding to position 202 of
immature human wild type MIC-1 or a MIC-1 variant
protein which has aspartic acid at position 202 or a position
corresponding to position 202 of immature human wild type
MIC-1.

[0053] 1In a still further aspect, the present invention pro-
vides a method for diagnosing inflammatory disease and/or
cancer in a human subject or, otherwise, assessing a predis-
position to inflammatory disease-and/or cancer in a human
subject, said method comprising genotyping said subject in
relation to MIC-1 by determining whether said subject is
homozygous or heterozygous for a MIC-1 protein having
histidine at position 202 (e.g. wild type MIC-1) or a position
corresponding to position 202 of immature human wild type
MIC-1 or a MIC-1 variant protein which has aspartic acid at
position 202 or a position corresponding to position 202 of
immature human wild type MIC-1.

[0054] Subjects which are determined to be of homozy-
gous D6/D6 genotype (ie. wherein both MIC-1 alleles
encode a MIC-1 variant protein having aspartic acid at a
position corresponding to position 202 of immature human
wild type MIC-1) and those which are determined to be of
heterozygous H6/D6 genotype, may be expected to be
suffering from, or show a predisposition to, inflammatory
disease. Further, such subjects may be expected to be free of
prostate cancer and/or show 1o or only a low predisposition
to prostate cancer. Conversely, subjects determined to be of
homozygous H6/H6 genotype may be expected to show an
increased predisposition to prostate cancer.

[0055] Variant MIC-1 alleles may be conveniently deter-
mined by, for example, sequencing or restriction enzyme
digest analysis of polymerase chain reaction (PCR) products
obtained using DNA or RNA isolated from any suitable
sample (e.g. a cheek cell sample) taken from the test
individual. Alternatively, PCR may be conducted under high
stringency conditions using primers targeted to the variable
region of the MIC-1 encoding sequence to ensure that PCR
products are only produced from the targeted wild type or
variant MIC-1 sequence.

[0056] The DNA and amino acid sequences of human
MIC-1 (i.e. “wild type”) and the variant, Asp*°*-MIC-1 are
shown at FIG. 3.

[0057] As used herein, “immature human wild type MIC-
17 refers to MIC-1 protein having the amino acid sequence



US 2004/0053325 Al

shown in FIG. 3 as “MIC-1/H6”, and “wild type MIC-1”
refers to the mamre form (ie. with the leader sequence
having been removed through cleavage) of that protein.

[0058] The terms “comprise”, “comprises” and “compris-
ing” as used throughout the specification are intended to
refer to the inclusion of a stated step, component or feature
or group of steps, components or features with or without the
inclusion of a further step, component or feature or group of
steps, components or features.

[0059] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in the
present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the
prior art base or were common general knowledge in the
field relevant to the present invention as it existed in
Australia before the priority date of each claim of this
application.

[0060] The invention will hereinafter be described with
reference to the following non-limiting examples and
accompanying figures.

BRIEF DESCRIPTION OF THE
ACCOMPANYING FIGURES

[0061] FIG. 1 provides a graph showing the relationship
between serum MIC-1 and prostate specific antigen (PSA)
levels from 50 subjects with elevated levels of PSA.

[0062] FIG. 2 provides a graph showing serum MIC-1
levels in 14 unselected subjects with rheumatoid arthritis.

[0063] FIG. 3 provides the amino acid sequences (A) and
DNA sequences (B) of human MIC-1 and the variant,
Asp*®>-MIC-1.

[0064] FIG. 4 provides a graph showing the sensitivity of
sheep and mouse anti-MIC-1 antisera. Plates were coated
with 1.8 ng rhMIC-1, 2 ng rhTGF-f1, or coating buffer
alone. Culture supernatant containing an anti-MIC-1 mouse
monoclonal antibody (MAb), culture media conditioned by
the mouse myeloma cell line SP2/0, unconditioned culture
media DMEM+Nutridoma), and antibody diluant (Ab dil)
were assessed undiluted while IgG enriched normal sheep
serum and the sheep polyclonal antibody 233-P were diluted
1:500,000 in Ab dil. Mouse IgG1 was assessed at 20 ng/ml.

[0065] FIG. 5 provides a recombinant human MIC-1
standard curve generated by sandwich EUSA utilising the
anti-MIC-1 MADb for capture and the sheep polyclonal
antibody 233B3-P for detection.

[0066] FIG. 6 provides the results of experimentation
showing that MIC-1 is present in maternal serum and
amniotic fluid during pregnancy in women. (A) Estimation
of MIC-1 concentrations in pooled normal human serum
(NHS), pooled staged maternal serum, and pooled amniotic
fluid (AF) as determined by sandwich ELISA. (B) Immu-
noprecipitation and western blot analysis of MIC-1 in
pooled normal human serum (lane 1), pooled staged mater-
nal serum (lane 2-4), and pooled amniotic fluid (lane 5).

[0067] FIG. 7 gives the maternal serum MIC-1 concen-
trations in four pregnant women from 30 weeks of gestation
until birth as determined by sandwich ELISA.

Mar. 18, 2004

[0068] FIG. 8 gives the results of measurements of MIC-1
concentrations in five different human placental extracts as
assessed by sandwich ELISA.

[0069] FIG. 9 provides the results of experimentation
conducted to assess MIC-1 expression and secretion by the
human trophoblastic cell line BeWo. (A) MIC-1 secretion by
BeWo cells after 1 and 5 days in culture as determined by
sandwich ELISA.

[0070] (B)Immunoprecipitation and western blot analysis
of secreted MIC-1 by BeWo cells. Lane 1, unconditioned
culture media; Lane 2, culture media which had been
conditioned by BeWo cells for 5 days.

[0071] (C) Reverse transcriptase-polymerase chain reac-
tion (RT-PCR) analysis of MIC-1 expression by unstimu-
lated BeWo cells. Lane 1, RT-PCR on total RNA from BeWo
cells cultured for 24 h; Lane 2, Negative control (no total
RNA); Lane 3, Positive PCR control.

[0072] FIG. 10 provides a typical standard curve from
MIC-1 sandwich ELISA (rthMIC-1, 1000-7.8 pg/ml, i.c. 8
doubling dilutions).

[0073] FIG. 11 shows restriction enzyme cleavage points
for Avall in wild type MIC-1 and Asp*°>-MIC-1 DNA
sequences.

[0074] FIG. 12 shows a digest of a genomic PCR of six
individuals labelled with indicated genotypes, confirmed by
DNA sequencing. Run on 3% agarose gel with ethidium
broxnide. The 45 base pair product of the PCR can be seen
in the homozygote H6 marked by an arrow.

[0075] FIG. 13 shows CEA levels compared with MIC-1
in ten patients with metastatic colorectal carcinoma.

[0076] FIG. 14 shows a graph of MIC-1 levels in meta-
static, compared with non-metastatic colorectal carcinoma.
Error bars represent standard error.

[0077] FIG. 15 provides a Kaplan-Meier plot for time to
relapse from diagnosis in patients who died of colorectal
carcinoma. Time is measured in months.

[0078] FIG. 16 provides a Kaplan-Meier plot for time to
relapse from diagnosis in homozygous H6/H6 patients. Time
measured in months.

[0079] FIG. 17 provides a Kaplan-Meier plot for time to
death from diagnosis in Dukes D CRC. Time measured in
months.

[0080] FIG. 18 provides a simple regression plot of
MIC-1 related to age.

[0081] FIG. 19 shows immunohistochemistry for MIC-1
with 233-P. A. Prostate carcinoma; B. Bowel carcinoma; C.
Breast carcinoma; D. Rheumatoid synovium. Arrows rep-
resent areas of MIC-1 stain. Panels on right are the respec-
tive controls stained with IgG enriched normal sheep serum.

[0082] FIG. 20 shows MIC-1 levels in normal subjects
compared with RA patients, as measured by MIC-1 sand-
wich ELISA.

[0083] FIG. 21 provides a graph showing the proportion
of erosive (black) versus non-erosive (white) RA among the
two most common genotypes, homozygous (H6/H6) and
heterozygous (H6/D6).
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[0084] FIG. 22 shows a graph of CRP compared to the
presence or absence of erosive RA.

[0085] FIG. 23 provides a graph showing CRP compared
to the homozygous (H6/H6) and heterozygous (H6/D6)
genotypes.

EXAMPLE 1

Assessment of MIC-1 Expression in Pregnant

Women
[0086] Methods:
[0087] Serum and Amniotic Fluid Samples:
[0088] Serum samples were obtained from 22 healthy

pregnant women with a normal singleton pregnancy. No
medication was being taken by any individual studied. In
each case, gestational age was determined by an early
pregnancy ultrasound scan. All women subsequently had a
normal vaginal delivery at term (37-41 weeks) of a healthy
normally grown infant. Serum samples were collected from
6 women between 10-14 weeks of pregnancy, and 8 women
between 26-30 weeks and 37-40 weeks of pregnancy. The
time periods indicated correspond to the end of each trimes-
ter. Samples corresponding to each trimester were pooled
prior to measurement of MIC-1 levels. Serial maternal
serum samples were also taken, on a weekly basis approxi-
mately, from 4 women from 30 weeks of gestation to
delivery. Again, all four women were healthy with a normal
singleton pregnancy and had a normal vaginal delivery at
term of a normal healthy infant In addition, amniotic fluid
was obtained from 10 women undergoing amniocentesis at
15-17 weeks of gestation for foetal ksryotyping. In all cases,
the indication for karyotyping was advanced maternal age
(>37 years). Amniotic fluid were also pooled prior to mea-
surement of MIC-1 levels.

[0089]

[0090] Between 100-150 mg of placental tissue (rinsed 4-5
times in saline solution and frozen in liquid nitrogen and
stored at -80° C.) was homogenised in 1 m. of phosphate-
buffered saline (PBS). Homogenates were centrifuged at
10,000 rpm for 30 seconds and the supernatant transferred to
tubes. Total protein was measured by the BCA total protein
assay (Pierce) following the manufacturer’s instructions.
BSA solutions ranging between 0-1000 ug/ml were used as
standard solutions.

[0091]

[0092] The human choriocarcinoma trophoblastic cell line
(BeWo) was purchased from ATCC (Rockville, Md.). Cells
were seeded into 96 well tissue culture plates at 5000 cells
per well in 250 ul of Dulbecco’s Modification of Eagle’s
Medium DMEM (Gibco BRL) containig 4.5 g/1 D-glucose,
110 mg/1 sodium pyruvate, 0.584 g/l L-glutamine, 4 mg/l
pyridoxine hydrochloride and 1x Nutridoma-SR (Boehringer
Manmheim, Germany) and cultured at 37° C. in the presence
of 5% carbon dioxide for 1-5 days. At this time, the culture
plates were spun at 1000 rpm for 10 minutes and the
supernatant was removed and stored at —20° C. until quan-
titation of MIC-1.

Placental Extracts:

BeWo Cell Culture:
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[0093] Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) Analysis of MIC-1 mRNA Synthesis:

[0094] Total RNA was isolated from BeWo cell monolay-
ers in 96-well plates using Tri-Pure Reagent (Roche) and the
method provided by the manufacturer. Reverse transcription
(RT) was carried out in a total reaction volume of 20 ul using
1 ug of RNA, a poly(T),5 primer and 50 units of Expand
Reverse Transcriptase (Roche) using the manufacturer’s
recommended conditions. A 5 ul aliquot of the RT reaction
was amplified in a PCR reaction using Pfu polymerase
(Promega) and primers;

(SEQ ID NO:5)

MSB-1 (5'-AGGACCTGCTAACCAGGCTGCGGGCCAACCAGAGC-3")

and

(SEQ ID NO:8)

MSB-5 (5'-GGCTAACAAGTCATCATAGGTCTGGAGCGACAC-3'),

[0095] which flank the single intron of MIC-1. PCR con-
ditions were as follows: an initial denaturation step at 95° C.
for 1 minute, followed by 35 cycles at 95° C. for 30 seconds,
60° C. for 30 seconds, 72° C. for 2 miautes. An RT reaction
in which the RNA was omitted was used as a negative
control, while a plasmid carrying the MIC-1 pre-pro-MIC/
FLAG coding sequence (Bootcov et al., 1997) was included
as a positive control. PCR products were separated on 0.8%
(w/v) agarose gels.

[0096] Generation of MIC-1 Antibodies:

[0097] A sheep anti-MIC-1 polyclonal antibody (PAb)
233B3 was generated by immunisation with recombinant
human MIC-1 (thMIC-1), which was synthesised in accor-
dance with the method described in International patent
publication No. WO 97/00958, in Complete Freunds Adju-
vant Additional boosts were given over a period of 6 months
and the sheep were bled 10 days after the final injection. An
enriched IgG fraction of normal sheep serum and 233B3
were prepared by caprylic acid precipitation followed by
ammonium sulphate precipitation. The IgG enriched 233B3
fraction was designated 233-P.

[0098] A mouse anti-MIC-1 monoclonal antibody (MAb)
secreting hybridoma was generated from mice immunised
with thMIC-1. Hybridomas were cultured in DMEM (Gibco
BRL) containing 4.5 g/l D-glucose, 110 mg/sodium pyru-
vate, 0.584 ¢/l L-glutamine, 4 mg/l pyridoxine hydrochlo-
ride supplemented with 20% FCS (CSL, Melbourne). For
MAD collection, the hybridomas were transferred into fresh
DMEM-hi glucose supplemented with Nutridoma-SR (Boe-
hringer Mannheim) for 7 days. The -culture supernatant’s
were spun at 2000 rpm for 10 minutes to remove cell debris
and frozen until used. The sensitivity of the PAb and MAb
preparations were examined by direct ELISA.

[0099] Direct ELISA:

[0100] Ninety-six well Maxsorp ELISA plates (Nunc)
were coated (100 ul/well) with either 18 ng/ml rhMIC-1 or
20 ng/ml thTGF-B1 (R&D Systems) in coating buffer (0.1M
carbonate in distilled H,O, pH 9.4-9.8) at 40° C. for 24
hours. Plates were then washed three times with 300 ul of
wash buffer (PBS containing 0.05% (v/v) Tween-20
(Sigma)) and non-specific binding was blocked with 250 ul
of 1% (w/v) BSA (Boehringer Aaheim) in PBS for 2 hours
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at 37° C. Hybridoma serum-free media containing the anti-
MIC-1 MAD, sheep PAb 233B3-P diluted 1:500,000 in
antibody diauant (PBS containing 1% (w/v) BSA and 0.05%
(v/v) Tween-20), culture media conditioned by the mouse
myeloma cell line SP2/0, DMEM+Nutridoma, immunoglo-
bin G. enriched normal sheep serum diluted 1;500,000 in
antibody diluant, 200 ng/ml mouse IgG1 (R&D Systems) in
DMEM+Nutridoma, or antibody diluant alone were then
added to the plates (100 ul/well) and incubated for 1 hour at
37° C. The plates were washed three times followed by the
addition of 100 ul/well of biotinylated donkey anti-sheep
IgG (Jackson Immunoresearch) or biotinylated goat anti-
mouse IgG (Jackson Immunoresearch) diluted 1:10,000in
antibody diluant and incubated for 1 hour at 37° C. The
plates were washed three times and 100 ul/well of horse-
radish peroxidase-conjugated streptavidin  (Genzyme)
diluted 1:2000 in antibody diluant was added to the plates
and incubated for 30 minutes at 37° C. Plates were washed
four times followed by the addition of 100 ul/well of
peroxidase substrate (1 mg/ml o-phenylenediamine dihydro-
chloride (Sigma) in 0.05M phosphate-citrate buffer contain-
ing 0.014% H,0,, pH5.0 (Sigma)). Colour development
was allowed to proceed for 5-15 minutes and was terminated
by the addition of 100 pl/well of 4N H,SO,,. The absorbance
was measured at 490 nm in a microplate reader (Pasteur
Diagnostics).

[0101] MIC-1 Sandwich ELISA:

[0102] A MIC-1 sandwich ELISA was established utilis-
ing the anti-MIC-1 mouse MADb for antigen capture and the
sheep PAb 233-P for detection. The optimum concentration
of both antibodies was determined empirically then used for
all subsequent studies. Ninety-six well Maxisorp ELISA
plates were coated with anti MIC-1 MAb supernatant diluted
1:5 (final immunoglobin concentration was approximately
20 ng/ml) in coating buffer at 40° C. for 24 hours. Plates
were then washed three times with 300 ul of wash buffer and
non-specific binding was blocked with 250 ul of 1% (w/v)
BSA in PBS for 2 hours at 37° C. thMIC-1 standards, tissue
culture supernatant, maternal serum, placental extracts, or
amniotic fluid diluted in antibody diluant, were then added
to the plates (100 ul/well) and incubated for 1 hour at 37° C.
The plates were washed three times followed by the addition
of 100 ul/well of the sheep PAb 233-P diluted 1:5000 in
antibody diluant and incubated for 1 hour at 37° C. The
plates were then washed three times and 100 well of
biotinylated donkey anti-sheep IgG diluted to 1:5000 in
antibody diluant was added and incubated for 1 hour at 37°
C. The plates were then developed as for the direct ELISA.
The concentration of MIC-1 in the samples was determined
by comparison with the rhMIC-1-standard curve. The level
of thMIC-1 in this standard curve was determined on the
basis of total protein content and thus in terms of absolute
amount is subject to significant error. However, as the same
standards were used throughout, this makes no difference to
the relative values estimated in this example. All samples
were assayed in triplicate on at least two occasions. Results
are presented as the mean +/-SD. The sensitivity of the
MIC-1 sandwich assay was assessed by testing with up to
500 pg/ml amounts of TGF-B1 and inhibin-A (which are
both members of the TGF-f superfamily).

[0103]

[0104] Immunoprecipitation was carried out using 0.2 ml
hybridoma serum-free media containing the anti-MIC-1

Immunoprecipitation:
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MAD adsorbed to protein-A Sepharose. Serum and medium
samples (1 ml) were incubated with these antibodies over-
night at 40° C. then washed 5 times with PBS containing 1%
(v/v) Triton X-100. Bound proteins were eluted using non-
reducing sodium dodecyl sulphate (SDS)-sample buffer and
analysed by SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) (Laemmi, 1970) followed by immunoblot analysis
with the sheep polyclonal antibody 233-P. Immunoblot
analysis was performed essentially as described by Bootcov
et al., (1997) except that polyclonal antibody 233-P was used
as primary antibody at a dilution of 1:7000 and the second-
ary antibody was donkey anti-sheep Ig-biotin at a dilution of
1:5000.

[0105] Results:
[0106] Sensitivity of Anti-MIC-1 PAb and MAb:
[0107] The ability of the sheep PAb 233-P and the mouse

MAD to bind to rhMIC-1 was examined by direct ELISA. It
was found that both undiluted tissue culture supernatant
containing the MAb and the sheep PAb 233-P at a dilution
of 1:500,000 in antibody diluant bound strongly to 1.8 ng
immobilised thMIC-1 (FIG. 4). Neither culture media con-
ditioned by the mouse myeloma cell line SP2/0, uncondi-
tioned culture media, mouse IgG1, immunoglobin enriched
normal sheep serum, or antibody diluant reacted with
thMIC-1. Minimal background binding to uncoated wells
was observed for all samples examined. No reactivity was
detected when either the anti-MIC-1 MADb or polyclonal
antibody 233-P were incubated with immobilised: rhTGF-

B1.
[0108] MIC-1 Sandwich ELISA:

[0109] A sandwich EUSA employing the anti-MIC-1
MADb and the PAb 233-P was established which could
accurately quantify rhMIC-1 in the Age of 10-500 pg/ml
(FIG. 5). To examine the effect of factors present in human
serum and culture media on estimation of this cytokine, 500
pg/ml of thMIC-1 was added to antibody diluant containing
c¢ither 10% (v/v) normal human serum or 10% (v/v)
DMEM+Nutridoma and then quantified. It was found that
the sandwich ELISA was accurate to within 5% of the
correct value. Run to run variation was less than 5%. In
sandwich ELISA with TGF-f1 and inhibin-A, no cross-
reaction with these structurally related cytokines was
observed.

[0110] MIC-1 Levels in Staged Maternal Pregnancy Sera
Increase During Pregnancy:

[0111] Pooled serum samples were diluted between 1:5-
1:20 in antibody diluant prior to MIC-1 quantitation by
sandwich ELISA. Tt was determined that pooled normal
human sera contained approximately 0.36 (+/-0.04) ng/ml
MIC-1 (FIG. 6A). In pooled maternal serum, the MIC-1
concentration was found to increase dramatically during
pregnancy. Maternal serum samples corresponding to the
first trimester contained approximately 6.3 (+/-0.02) ng/ml
MIC-1, which rose to 12.24 (+/-0.54) ng/ml during the
second trimester, and peaked at 15.3 (+/-1.31) ng/ml during
the third trimester.

[0112] TImmunoprecipitation was used to confirm the pres-
ence of MIC-1 in pooled maternal serum samples during
pregnancy. MIC-1 was visualised by immunoprecipitation
with the ant-MIC-1 MAD followed by immunoblot analysis
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with PAb 233B3-P. A band corresponding to the disulphide
linked mature MIC-1 peptide (approximately 25 kDa) can be
observed in the second and third trimester pregnancy serum
samples FIG. 6B, lanes 3-4). The highest level of MIC-1
was found in the third trimester sample. No similar band was
observed in normal serum or the sample corresponding to
the first trimester due to the lower sensitivity of immunoblot
analysis (FIG. 6B, lanes 1-2).

[0113] Maternal-serum MIC-1 concentrations were also
examined in serial samples from four pregnant women. At
30 weeks of gestation, serum from all four women examined
contained approximately 4 ng/ml MIC-1 (FIG. 7). Maternal
serum MIC-1 levels were found to increase from 30 weeks
of gestation until birth. Subjects designated MH and JB
exhibited a slight decrease in MIC-1 maternal serum levels
over the last week of pregnancy.

[0114] MIC-1 Can Be Detected in Amniotic Fluid.

[0115] In addition to maternal serum, amniotic fluid col-
lected from 10 women during the second trimester for
karyotyping purposes was pooled prior to quantification of
MIC-1 levels by sandwich ELISA. It was determined that
the pooled amniotic fluid sample contained approximately
13.68 (+/-0.16) ag/ml MIC-1 (FIG. 6A). Immunoprecipi-
tation and western blot analysis of pooled amniotic fluid
revealed a band of approximately 25 kDa, which corre-
sponds to the disulphide linked mature MIC-1 peptide (FIG.
6B, lane 5).

[0116] MIC-1 Can Be Detected in Human Placental
Extracts:
[0117] In order to test whether the placenta is a major

source of circulating MIC-1 in the serum of pregnant
women, 5 human placenta extracts were examined for the
presence of MIC-1 by sandwich ELISA. All five samples
were found to be positive for MIC-1 (FIG. 8), ranging in
concentration from 5.04-54 ng/ml. Significantly the sample
designated PL2, which was the only one derived from a
premature birth, contained much lower levels of MIC-1 than
the other samples.

[0118] Cultured BeWo Cells Constitutively Express
MIC-1 RNA and Secrete Mature MIC-1:

[0119] As high levels of MIC-1 were detected in placental
extracts it seemed likely that the placental trophoblastic cell
line, BeWo, also produces this cytokine. An examination of
tissue culture media conditioned by BeWo cells under rest-
ing conditions for the presence of secreted MIC-1 by sand-
wich ELISA was therefore conducted. It was determined that
media used to culture BeWo cells for 24 hours contained
approximately 21.6 (+/-2.95) ng/ml MIC-1 (FIG. 9A). The
concentration of MIC-1 in the culture media after a five day
incubation increased to approximately 117 (+/=7.2) ng/ml.
The ability of unstimulated BeWo cells to secrete MIC-1
was also examined by immunoprecipitation and western blot
analysis. High levels of secreted mature MIC-1, as indicated
by a band at approximately 25 kDa, were observed in media
condition by BeWo cells for 5 days (FIG. 9B). Additional
bands migrating at 55 Da and 12.5 kDa bands were
observed, which may represent incompletely processed
MIC-1 hemidimer and monomer respectively. Culture media
which had not been exposed to BeWo cells contained no
detectable MIC-1 when examined by sandwich ELISA or by
immunoprecipitation.
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[0120] RT-PCR was used to investigate the presence of the
MIC-1 transcript in unstimulated BeWo cells. Total RNA
was extracted from BeWo cells cultured for 24 hours and
subjected to RT-PCR as described. A single product of 0.4
kbp was observed, indicating that the MIC-1 transcript was
present in BeWo cells (FIG. 9C). No product was detected
in the absence of BeWo or plasmid DNA.

[0121]

[0122] The results of Example 1 indicate that MIC-1 is
present in large amounts in maternal sera and that levels rise
substantially with advancing gestation.

[0123] Whilst elevated levels of MC-1 occur in maternal
serum during pregnancy, this does not necessarily mean that
the developing foetus is exposed to this cytokine. However,
the detection of MIC-1 in amniotic fluid represents direct
evidence for foetal exposure. The level of MIC-1 in amniotic
fluid was comparable to that present in second and third
trimester maternal serum and well in excess of that present
in normal human serum. During pregnancy the foetus
ingests large amounts of amniotic fluid and may also absorb
amniotic fluid via the thin foetal epidermis. These findings
therefore provide strong evidence that the developing foetus
is exposed to high concentrations of MIC-1.

[0124] In order to investigate whether maternal serum and
amniotic fluid MIC-1 originates from a foetal or maternal
source, MIC-1 in human placental extracts was measured
and this demonstrated that they contain large amounts of
MIC-1 protein. Interestingly, the quantity of MIC-1 present
in 4 of the 5 placental extracts (>18 ng/ml) was higher than
that detected in pooled maternal sera and amniotic fluid.
Using immunohistochemistry and in situ hybridisation it has
been demonstrated that the MIC-1 transcript and protein is
present in the terminal villi of the placenta (Parallar et al.,
1998), a structure rich in syncitiotrophoblasts. It is therefore
reasoned that the BeWo human trophoblastic cell line may
synthesise and secrete this cytokine. The BeWo cells con-
stitutively express the MIC-1 transcript and secrete large
amounts of MIC-1 under resting conditions. These findings
suggest that the trophoblastic cells within the placenta are a
major source of the MIC-1 present in maternal serum and
amniotic fluid. However, the localisation of the MIC-1
transcript and protein to the developing epidermis in day 18
rat embryos (Paralkar et al., 1998) suggests the embryo may
also contribute to the MIC-1 levels observed.

[0125] The precise role of MIC-1 during pregnancy is
unknown. However, based upon the results described above
and experimentation reported elsewhere, it appears that
MIC-1 has an immunomodulatory role during pregnancy.
For example, it has been reported previously that rhMIC-1
inhibits the release of pro-inflammatory cytokines from
LPS-activated macrophages (Bootcov et al., 1997). Further,
MIC-1 is known to suppress the formation of erythrocyte
and granulocyte/macrophage cell lineages from normal
human non-adherent T-cell depleted marrow cells (cromas et
al., 1997). These findings indicate that MIC-1 is a broad
inhibitor of inflammation, suppressing both the development
of the monocyte/macrophage lineage and their ability to
produce pro-inflammatory mediators.

[0126] Intrauterine inflammation accompanying pro-in-
flammatory cytokine production has been associated with
foetal rejection or preterm labour (Romero et al., 1992;

Discussion:
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Hillier et al., 1993; Opsjon et al., 1993). In this context, the
present applicants consider that MIC-1 present in the pla-
centa and amniotic fluid acts to maintain pregnancy by
suppressing the production of pro-inflammatory cytokines
within the uterus. The finding in the present example that
placental extracts derived from a premature labour contained
depressed concentrations of MIC-1 when-compared to nor-
mal pregnancies provides strong support for this.

EXAMPLE 2

MIC-1 Variant Detection Detection and Genotyping
By Immunoassay

[0127] In the process of cloning MIC-1 it was realised that
there were at least two alleles of this TGF-fi superfamily
cytokine. In subsequent investigation of human material it
was confirmed that the 2 alleles were represented in the
general community. These alleles differ by a point mutation
yielding a change from histidine at position 6 of the amino
acid sequence of mature normal or “wild type” MIC-1 (H6),
to an aspartic acid at position 6 (D6). This represents a
non-conservative substitution of a weakly basic, aromatic
amino acid to a strongly acidic, acyclic amino acid.

[0128] Methods and Results:
[0129] Generation of Anti-MIC-1 Antibodies:

[0130] Anti-MIC-1 monoclonal antibody (MWb) secret-
ing hybridomas were generated from mice immunised with
recombinant human MIC-1 (thMIC-1), which was produced
in yeast (Pichia pastoris) in accordance with the method
described in International patent publication No. WO
97/00958. Hybridomas were cultured in DMEM (Gibco
BRL) containing 4.5 g/l D-glucose, 110 mg/1 sodium pyru-
vate, 0.584 ¢/l L-glutamine, 4 mg/l pyridoxine hydrochlo-
ride supplemented with 20% FCS (CSL, Melbourne). For
MAD collection, the hybridomas were transferred into fresh
DMEM-hi glucose supplemented with Nutridoma-SR
(Boelringer Mannheim) for 7 days. The culture supernatants
were spun at 2000 rpm for 10 minutes to remove cell debris
and frozen until used.

[0131] The collected Mabs were subjected to epitope
mapping studies using Western blot analysis an extensive
panel of MIC-1 relatives, mutants and chimaeras. None of
the Mabs was able to cross-react with either the murine
homologue of MIC-1 or with hTGF-f1, and all of the Mab
epitopes were conformation-dependent. A distinct cross-
reactivity pattern with the various antigens was observed for
each of the Mabs suggesting the presence of at least five
immunogenic regions on the MIC-1 surface. Two of the
Mabs (13C4H3 and 26G6H6) were selected for further study
on the basis of their high affinities (each having ED30’s in
the range of 1.3-2.5x107° M).

[0132] Mab 13C4H3 was found to bind to the amino
terminus (positions 1-13) of mature human wild type MIC-1
(i.e. with histidine at position 6) with significantly greater
affinity than that of the corresponding epitope of Asp®®-
MIC-1, and is therefore able to discriminate between human
wild type hOC-1 and Asp®°*>-MIC-1. As Mab 13C4H3 was
unable to recognise a murine-human MIC-1 chimaera
(wherein all of the amino acids of the amino terminus (1-13)
which are dissimilar to the human sequence, were replaced
with the corresponding amino acids of human MIC-1), it
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was concluded that additional residues outside of the amino
terminus which differ between the human and mouse pro-
teins are possibly also involved.

[0133] Mab 26G6H6 was found to be directed against an
epitope (comprising amino acids in the region of positions
24-37, 56-68 and 91-98 of mature human wild type MIC-1)
located near the tips of the so-called “fingers” of MIC-1.
Mab 26G6H6 did not discriminate between MIC-1 proteins
having histidine or aspartic acid at position 6.

[0134] These antibodies therefore enable the detection of
heterozygote and homozygote individuals by measuring
bound MIC-1 levels in immunoassays. That is, with Mab
13C4H3 it would be expected that maximal binding would
be observed with H6/H6 homozygotes and zero binding with
D6/D6 homozygotes, while an intermediate (e.g. 50%) level
of binding would be expected with H6/D6 heterozygotes.

[0135] The epitope binding specificities of the above anti-
MIC-1 antibodies are described in detail in Fairlic et al.,
2001.

[0136]

[0137] ELISA plates (Maxisorb, Nunc) were coated for 24
hours at 4° C. with 80 ul, 1:500 of 26G6H6 in bicarbonate
buffer pH 9.4-9.8 with care taken to prevent significant
evaporation, samples were diluted 1:3-1:100, depending on
estimated MIC-1 concentration, in Sample buffer (1% w/v
BSA (Progen), 0.05% v/v Tween (Sigma) in PBS, pH 7.2,
and a MIC-1 “Standard” prepared by diluting 1 ug/ml
thMIC-1 (in 1% BSA w/v, 3 mM HCI) 1:1000 in sample
buffer followed by eight doubling dilutions (1000 pg/ml-7.8

pg/ml).
[0138]

[0139] Coated plates were washed three times with wash
buffer (0.05% v/v Tween in PBS) 300 ul/well. Blocking was
performed by incubation with 250 ul 1% BSA w/v at 21
DegC for 1 hour. Blocking buffer was then removed and 100
ul/well of standards or samples added without intervening
washing for 1 hour at 21° C. Subsequently, the detection
antibody, 233-P, 1:25000, in sample buffer v/v, was added,
100 ul/well and incubated for 16 hours at 4° C. Donkey,
anti-sheep, biotinylated IgG (Jackson’s Laboratories)
1:5000 in sample buffer V/V, 100 ul/well, was then added
and incubated for 1 hour at 21° C. followed by incubation
with Streptaviden-HRP conjugate (Genzyme) 1:2000 in
sample buffer v/v, 100 gl/well, for 30 minutes at 21° C. OPD
(Sigma) 0.4 mg/ml, in the manufacturer’s recommended
buffer, was incubated at 100 ul/well until a clear difference
was seen between the 7.8 pg/ml standard and the zero
standard. The 1000 pg/ml standard should have an OD of at
least greater than one. Finally, the reaction was stopped with
100 ul/well of 2N H,SQO,.

[0140] Plates can be read at 490 nm and a standard curve
constructed using a two binding site hyperbole. Sample
values are extrapolated from this curve.

[0141] The plates were washed with 300 ul/well of wash
buffer after each step from before the addition of the
detection antibody 233-P till the addition of OPD.

Total MIC-1 Determination Using 26G6H6:

Assays were conducted as follows:
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[0142] Sensitivity and Specificity of anti-MIC-1 PAb and
Mab:
[0143] The ability of the sheep PAb 233-P and the mouse

MAD 13C4H3 to bind to thMIC-1 was examined by direct
ELISA. It was found that both undiluted tissue culture
supernatant containing the MAb 13C4H3 and the sheep PAb
233-P at a dilution of 1:500 000 in antibody diluent bound
strongly to 1.8 ng immobilised rhMIC-1. No reaction was
observed between rhMIC-1 and culture media conditioned
by the mouse myeloma cell line SP2/0, unconditioned
culture media, mouse IgG1, immunoglobin enriched normal
sheep serum, or antibody diluent. Minimal background
binding to uncoated wells was observed for all samples
examined. No reactivity was detected when either 13C4H3
or 233-P were incubated with immobilised rhTGF-f1.

[0144] Specificity of the antibodies was determined by
immunoprecipitation of purified rhMIC-1 with MAb
13C4H4 and 26G6H6, followed by immunoblot analysis
with various MIC-1 specific antibodies. All the MIC-1
antibodies specifically recognised the 25 kD dimeric MIC-1.
Additionally, blocking of the antibodies was performed by
pre-incubating the antibody with purified rhMIC-1, prior to
Western Blot analysis. This greatly reduced the interaction
of the antibody with the MIC-1 specific 25 kD band,
confirming specificity of the antibodies Mab 13C4H4,
26G6H6 and 233-P. Furthermore, those antibodies tested,
failed to recognise inhibin, another member of the TGF-f3
superfamily. A typical assay standard curve is shown in FIG.
10 with error bars representing one standard deviation.

[0145] Determination of MIC-1 Genotype Using 13C4H4:

[0146] The higher affinity of the detection antibody 233-P,
to a multitude of MIC-1 epitopes, compared to 13C4H4 led
to a greater difference in the detected MIC-1 between the H6
and D6 alleles. This difference is a function of the differing
affinities of the H6 and D6 epitopes to 13C4H4. The
presence of 233-P, in a long incubation, leads to progres-
sively less D6 being bound to the capture antibody, 13C4H4.
These, now unbound, molecules become progressively
bound to the higher affinity components of the polyclonal
antibody that are specific for the 13C4H4 binding site. These
molecules are now excluded from measurable MIC-1.

[0147] Another effect is also observed. That is, cach
molecule of MIC-1 that is excluded from binding the capture
antibody excludes a multiple of 233-P antibodies. This
occurs as 233-P is polyclonal and binds to multiple parts of
the MIC-1 molecule. The result is that these immune com-
plexes, between MIC-1 and 233-P, are excluded from the
assay. As the 233-P antibody is the major contributor to
background, the observed difference in MIC-1 concentration
is further magpified. In the case of a homozygous D6/D6
genotype, the background staining is reduced to the point
that a reading below the zero is obtained over wide concen-
tration differences. In the case of the H6 allele, the rate of
MIC-1 becoming free to bind the polyclonal antibody,
solely, is much less, creating a wider difference in observed
MIC-1 concentration.

[0148] The two sandwich enzyme linked immunosorbant
assays involved in the determination of the MIC-1 concen-
tration and MIC-1 allele in a particular sample, use 26G6H6
and 13C4H4 as the capture antibodies, respectively. The
samples analysed may be from tissue culture (tissue culture
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medium or cell extract), human serum or plasma, or any
human sample that is in fluid phase or may be processed into
fluid phase by any process.

[0149] The assays used ELISA plates (Maxisorb, Nunc)
coated for 24 hours at 4° C. with 80 ul, 1:500 of 13C4H4 in
bicarbonate buffer pH 9.4-9.8 (care should be taken to
prevent significant evaporation). Samples were diluted 1:3-
1:100, depending on estimated MIC-1, determined in
13C4H4 assay concentration, in Sample buffer (1% wiv
BSA (Progen), 0.05% v/v Tween (Sigma) in PBS, pH 7.2.
The sample concentration should be between 50 and 150
pg/ml. The MIC-1 Standard (1 ug/ml recombinant MIC-1 in
196 BSA w/v, 3 mM HCL) was diluted 1:1000 in sample
buffer and eight doubling dilutions then performed (1000
pg/ml-7.8 pg/ml).

[0150]

[0151] Coated plates were washed three times with wash
buffer (0.05% v/v Tween in PBS) 300 ul/well. Blocking was
performed by incubation with 250 ul 1% BSA wjv at 21° C.
for 1 hour. Blocking buffer was then removed and 100
ul/well of standards or samples added without intervening
washing for 1 hour at 21° C. The detection antibody, 233-P,
1:10000, in sample buffer v/v, was added, 100 ul/well and
incubated for 16 hours at 4° C. Donkey, anti-sheep, bioti-
nolated IgG (Jackson’s Laboratories) 1:5000 in sample
buffer v/v, 100 ul/well, was then added and incubated for 1
hour at 21° C. followed by incubation with Streptaviden-
HRP conjugate (Genzyme) 1:2000 in sample buffer v/v, 100
ulpwell, for 30 minutes at 21° C. OPD (Sigma) 0.4 mg/ml,
in the manufacturer’s recommended buffer, was incubated at
100 pl/well until a clear difference was seen between the 7.8
pg/ml standard and the zero standard. The 1000 pg/ml
standard should have an OD of at least greater than one. The
reaction is stopped with 100 ul/well of 2N H,SO,.

[0152] Plates were read at 490 nm and a standard curve
constructed using a two binding site hyperbole model.
Sample values can be extrapolated from this curve.

[0153] The plates were washed with 300 ul/well of wash
buffer after each step from before the addition of the
detection antibody 233-P till the addition of OPD.

[0154] Discussion:

[0155] To determine the MIC-1 allele, the observed
MIC-1 concentration, obtained from the 13C4H6 assay was
divided by the total MIC-1 concentration, determined in the
26G6HO assay. The cut-off ratios for the various alleles were
determined by homozygous H6/H6 and D as well as het-
erozygous (HD) controls used in both assays. Validation data
was included as set out below.

[0156] A ratio of less than O indicates a homozygous
D6/D6 genotype, 0-0.6 is heterozygous and greater than 0.7
is homozygous H6/H6. It is noted that there are ratios greater
than 1. Because of the dynamics of the assay, with regard to
homozygous D6/D6 protein, higher concentrations lead to
an OD further below zero.

[0157] Data derived from 38 healthy ambulatory labora-
tory workers is shown below in tabulated form. Of these, 18
had their MIC-1 genotype determined by DNA sequencing.
There was a 100% agreement between the 18 subjects’ DNA
sequence and genotype determined by the ELISA method. A
further 95 samples were analysed from healthy blood donors

The assays were conducted as follows:
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with 48 males and 47 females, with an age range of 20-69
and 17-71 years respectively. There were five subjects with
a homozygous D6/D6 genotype, 45 with a heterozygous
genotype and 45 with a homozygous H6/H6 genotype.

EXAMPLE 3

Ratiometric PCR RFLP Assay for Determination of
MIC-1 Genotype

[0158]
assays have been a mainstay of DNA mutational analysis for

Restriction fragment length polymorphism (RFLP)

many years. Some of these assays have been superseded by
more sensitive, less labour intensive polymerase chain reac-
tion (PCR) assays. In other, mutation detection, assays the
two methods have been combined to detect different-DNA
polymorphisms. In the case of MIC-1, the area of point
mutation for the H6-D6 allele is approximately 90% GC
rich. This makes it very difficult to use strategies such as
competitive PCR to determine allelic, or genotypic differ-
ences. This necessitated the use of a RFLP analysis of PCR
amplified DNA segments.

[0159] The RFLP assay depends on differences in DNA
restriction enzyme sites conferred by differences in the DNA
sequence. These sites are usually unique or give a distinct
difference in the pattern of bands seen when restriction
enzyme digests are separated, according to molecular
weight. Typically, this is done using agarose gel DNA
electrophoresis. In the region of the allelic differences in
MIC-1 there are useful unique restriction sites conferred by
the point mutation C to G. This necessitated a novel modi-
fication to the REFTP assay exploiting the properties of DNA
agarose gel electrophoresis with ethidium bromide detec-
tion. A high agarose concentration (e.g 3%) has been
employed to give better resolution for small molecular DNA
bands. When irradiated with UV light, differences in
ethidium bromide staining are proportional to differences in
DNA concentration.

[0160] PCR  primers (5p, 5'GCCGCCGCGTCG-
CAGTCGGA3' SEQ ID NO: §; 3p, 5' CAGGCGGTGCAG-
GCTCGTCTAT3' SEQ ID NO: 9) were designed to give a
product such that the common AVRII sites in the D6 allele
gave a major product, upon digestion, of 147 bp. In the case
of the H6 allele, the extra AVRII site gave a major product
of 102 bp, close to the detection limit of DNA agarose gel
electrophoresis. The remaining fragment is a smaller 45 bp
product that is difficult to see on agarose gel (see restriction
maps in FIG. 11).

[0161] Methods:
[0162] PCR From Genomic DNA:
[0163] A standard master mix for pfu DNA polymerase

(Stratagene) was made up as per the manufacturer’s recom-
mendations with 1 ul each of 10 pM 5p and 3p primers to a
volume if 20 ul per reaction. 100 ng of genomic DNA from
each test subject was used as template.
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PCR:
Denaturation 94° C. 1 min
Annealing 65° C. 1 min
Extension 72° C. 2 min
[0164] Performed for 40 cycles in MJ Research PTC-200

Peltier thermal cycler. Digest PCR products at 3° C. over-
night with AVA II (New England Biolabs), as per the
manufacturer’s instructions.

[0165] Run on 3% agarose gel, 0.02% w/v cthidium
bromide, at 80 V until separate bands were observable.
Genotypes were then determined as per controls (DD, HD,

[0166] Results and Discussion:

[0167] As shown in FIG. 12, in the case of the homozy-
sous D6/D6 allele only products of 147 base pairs are
visible. The heterozygotes gave two products, 147 and 102
bp in a ratio of 3:1, while the homozygous H6/H6 gave equal
amounts of the 147 and 102 bp fragment The exaggerated
differences in the ratio of digestion products between the
homozygous H6/H6 and the heterozygous allele is easily
observable by the eye, and requires no specialised analysis.
There are slight differences in intensity observed between
the 147 and 102 bp products. This is due to differences in the
amount of ethidium bromide intercalation. This effect fur-
ther enhances differences in intensity of staining at different
ratios of small products of DNA digestion. In the case of
larger DNA fragments this effect is far less pronounced.

[0168] Of the 38 healthy ambulatory laboratory workers,
18 had their MIC-1 genotype determined by sequencing.
Products from the above PCR were purified from agarose
gel and sequenced using the manufacturer’s recommended
protocol for the Perkins-Elmer ABI prism DNA sequencer.
Each subject had forward and reverse sequencing using the
5p and 3p primers respectively.

[0169] Results from ELISA, ratiometric PCR RFLP and
DNA sequencing were tabulated (Table 1). There was 100%
concordance between these methods for the 18 subjects that
had DNA sequencing performed. A further 21 subjects had
their genotype determined by ELISA to determine the range
of 13/26 ratios for a range of concentrations of MIC-1 of
various genotypes.

TABLE 1
DNA
®/Geno-

SPECID R26 RI13 13/26 MIC-1pg/ml  type SEQUENCE
SH 54 15 03 270 HD HD
TL 66 74 11 328 HH HH
AB 50 12 02 250 HD HD
DX 41 9 02 205 HD HD
DF 38 45 12 192 HH HH
AC 124 118 09 620 HH HH
JL 36 6 02 179 HD HD
NX 182 123 07 912 HH HH
TK 37 7 02 185 HD HD
DJ 48 44 09 238 HH HH
GG 45 <0 <0 227 DD DD
JK 83 21 03 414 HD HD
Kw 46 7 01 228 HD HD
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TABLE 1-continued

DNA
®/Geno-
SPECID R26 R13 13/26 MIC-1pg/ml  type SEQUENCE
wWwW 58 66 11 291 HH HH
KS 74 71 1 369 HH HH
RO 838 216 03 4190 HD HD
DB 33 38 12 162 HH HH
GL 40 50 12 199 HH
KM 80 98 12 400 HH
AsB 719 384 0S5 3594 HD
NR 12 90 08 559 HH
MS 49 69 14 243 HH
Cs 49 57 12 243 HH
RL 271 131 0S5 1355 HD
Kiw 44 7 02 218 HD
BS 130 48 04 651 HD
MM 65 21 03 324 HD
JZ 66 27 04 332 HD
ML 209 108 0S5 1046 HD
MN 4 51 12 220 HH
CH 39 8§ 02 197 HD
IS 39 47 12 196 HH
Lp 42 <0 <0 209 DD
HL 90 46 05 450 DH
GH 40 14 03 201 HD
LS 37 38 11 182 HH
DS 503 521 1 2516 HH
PF 113 47 04 565 HD

@ indicates text missing or illegible when filed

EXAMPLE 4

ELISA Assays Performed With Samples From
Rheumatoid Arthritis (RA) Patients

[0170] ELISA assays according to the following methods
were performed on serum samples taken from an unselected
population of 21 individuals with RA, and a further 9
individuals having very severe RA which had failed to
respond to traditional therapies. The results are presented in
Table 2 below.

[0171] Methods:
[0172] MIC-1 Sandwich ELISA:
[0173] A MIC-1 sandwich ELISA was established utilis-

ing the anti-MIC-1 mouse Mabs (13C4H3 and 26G6H6) for
antigen capture and the labelled sheep polyclonal antibody
(PAb 233-P) for detection. The optimum concentration of
the antibodies was determined empirically then used for all
subsequent studies. Ninety-six well Maxisorp ELISA plates
were coated with anti MIC-1 MAb supernatant diluted 1:5
(final immunoglobin concentration was approximately 20
ng/ml) in coating buffer at 40° C. for 24 hours. Plates were
then washed three times with 300 ul of wash buffer and
non-specific binding was blocked with 250 ul of 1% (w/v)
BSA in PBS for 2 hours at 37° C. thMIC-1 standards, tissue
culture supernatant and serum were then added to the plates
(100 ul/well) and incubated for 1 hour at 37 C. The plates
were washed three times followed by the addition of 100
ul/well of the sheep PAb 233B3-P diluted 1:5000 in antibody
diluant and incubated for 1 hour at 37° C. The plates were
then washed three times and 100 ul/well of biotinylated
donkey anti-sheep IgG diluted to 1:5000 in antibody diluant
was added and incubated for 1 hour at 37° C. The plates
were then developed as for the direct ELISA The concen-
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tration of MIC-1 in the samples was determined by com-
parison with the thMIC-1 standard curve.

TABLE 2
Rheumatoid Arthritis No. (No.)/% of at least one D6 allele
Unselected RA 21 /5%
Severe RA* 9 (4)/44%

*RA severe enough to need experimental treatment (e.g. bone marrow
transplant).

[0174] The results suggest that D6/D6 homozygote and
HO6/D6 heterozygote individuals have an increased predis-
position to severe rheumatoid arthritis.

EXAMPLE 5

ELISA Assays Performed With Samples From
Prostate Cancer Patients

[0175] ELISA assays were carried out in a manner analo-
gous to the methods described above in Example 4 for RA,
this time using serum samples taken from prostate cancer
patients; 28 individuals with above average levels of pros-
tate specific antigen (PSA), and 41 individuals with PSA
levels within the normal range. The results are presented in
Table 3 below.

TABLE 3
Prostate Cancer No. (No.)/% of at least one D6 allele
PSA <11 41 (16)/39%
PSA> 11 28 ©)0%
[0176] Of the samples with an elevated PSA level, no

individuals were D6/D6 homozygotes or H6/D6 heterozy-
gotes. This result suggests that the D6/D6 genotype and
H6/D6 genotype may be protective for the development of
prostate cancer and that this tumour is more frequently
associated with other genotypes.

EXAMPLE 6

MIC-1 and Carcinoembreyonic Antigen (CEA)

[0177] Carcinoembryonic antigen is a protein that is pro-
duced by large bowel carcinoma. It is commonly used as a
measure of tumour bulk. This makes CEA a useful measure
of response 1o various treatments. We analysed serum from
ten patients with metastatic CRC and determined their
MIC-1 serum level. CEA serum level was measured by
standard routine laboratory analysis. There was a significant
positive correlation between MIC-1 and CEA serum levels
(FIG. 13). In view of the small numbers examined this is
likely to be a highly significant finding.

EXAMPLE 7

MIC-1 and Colorectal Carcinomia

[0178] Epithelial malignancies form the most common
group of cancers and are therefore of great scientific, medi-
cal and economic importance. Epithelial cells are subject to
important regulatory influences, prominent amongst which
are the TGF-p1 cytokines. They have been shown to regulate
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epithelial growth, cell motility and adhesion as well as being
angiogenic and immunomodulatory. Multiple abnormalities
of the TGF-p1 pathways have been described in breast,
colonic and prostatic malignancies. These include abnor-
malities in their secretion, receptor expression and post-
receptor pathways. In the case of the prostate, in vitro and in
vivo-cell line, as well as animal studies, have shown that
TGF-B1 plays a role in cell cycle “check points” and
subsequent apoptosis via p53 dependant and independent
pathways. Although TGF-fi1 has been shown to be a nega-
tive regulatory growth factor expressed by normal prostate,
throughout the course of prostate cancer the secretion may
rise as a result of deregulation of the pathway. Increased
serum levels of TGF-f1, measured in platelet depleted
serum, are associated with a reduced survival and more rapid
progression of disease. MIC-1 is a divergent member of the
TGF-p1 superfamily originally identified on the basis of
increased expression associated with macrophage activa-
tion. Like TGF-p1, MIC-1 is expressed in normal prostate
and has been implicated in P53 dependent and independent
cellular functions. Unlike TGF-f1, it is not produced by
circulating vascular elements and can thus be readily mea-
sured in serum or plasma. In this example, evidence is
provided for both the local expression of MIC-1 in colorec-
tal carcinoma (CRC) and systemic release of this cytokine
into blood. Results obtained also show a correlation between
serum MIC-1 levels and genotypes with clinical stage and
progression of CRC indicating that measurement of this
cytokine has clinical and therapeutic application.

[0179] Methods
[0180] Tissue Samples:
[0181] 224 consecutive individuals undergoing surgical

resection of adenocarcinoma of the colon or rectum at St
Vincent’s Hospital, Sydney, were enrolled in this study.
Individuals were excluded where pre-operative radiotherapy
or chemotherapy had been administered. Individuals with
inflammatory bowel disease, or with a known history of
familial adenomatous polyposis (FAP) or hereditary non-
polyposis coli (HNPCC) were also excluded, as were those
individuals where the primary tumour was incompletely
resected.

[0182] Fresh representative tissue samples (500 mg) from
all tumours and paired normal colonic mucosa were imme-
diately frozen at 70° C. In total, 224 fresh tumour specimens
were assayed from 141 males and 88 females (ages 32 to 93;
mean 66.6£12.4 years). Nineteen of these tumours were
TNM stage I, while 22 were stage II, 111 were stage 1II and
72 were stage TV. Family histories of colorectal carcinoma
and other malignancies were obtained by interviewing indi-
viduals or their next of kin. Attempts were made to verify all
suspected diagnoses of cancer and uncertain causes of death,
either by obtaining death certificates and medical records or
by contacting the treating physician. The family history was
used to identify those families that met either the Amsterdam
or modified Amsterdam criteria for HNPCC.

[0183]

[0184] For all tumours, the histopathological type, stage
and size of the tumour were determined independently by a
histopathologist within the Department of Anatomical
Pathology, St Vincents Hospital. The tumour glade, extent of
mucin production, tumour growth pattern, as well as the

Histopathological Analysis of Tumours:
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presence of a Crohn’s-like inflammatory infiltrate, intraepi-
thelial lymphocytes or peritumoural lymphocytes, were
determined prospectively without knowledge of the mis-
match repair status. Tumours in which less than 10% of cells
formed glands were classified as high grade (poorly differ-
entiated), while those containing more than 50% extracel-
lular mucin were classified as mucinous.

[0185] The tumour growth pattern was interpreted as
either infiltrative or expansile, as per previously published
criteria. The extent of peritumoural and Crohn’s-like lym-
phoid reactions was classified according to the method of
Jass et al., 1996. Intraepithelial lymphocytes were identified
by light microscopy on haexnatoxylin and eosin sections as
cells with the morphology of lymphocytes, seen wholly
within tumour epithelium. They were classified as conspicu-
ous when more than 30 were present per 10 high power
fields.

[0186] Tumour volume was estimated from reported
tumour dimensions, using the formula V=p ((L+T)/4)2xD,
where V=volume (ml); L=longitudinal dimension (cm);
T=circumferential dimension (cm); D=depth of tumour

(cm).
[0187]

[0188] Mutations at the first and second bases of codon 12
of the K-ras gene were detected using REMS-PCR as
previously described. For the identification of accumulation
of p53 within tumour cells, paraffin sections of tumour tissue
were subjected to immunohistochemical analysis of p53,
using the mouse anti-human p53 antibody DO7 (DAKO). A
tumour was considered to show accumulation of p53 protein
when more than 20% of tumour cells showed nuclear
staining of moderate to high intensity, in the absence of
staining in the stromal cells and normal epithelium.

[0189] In addition, the samples were examined using the
MIC-1 ELISA described in Example 1 to determine the
MIC-1 level and genotype. The MIC-1 serum levels and
genotypes were compared to the data previously collected as
outlined above, using analysis of variance, parametric and
nonparametric correlates, Kaplan-Meier analysis as well as
simple and logistic regression.

[0190]

[0191] MIC-1 levels were stratified into normal and abnor-
mal groups based on a normal range determined by analysis
of 200 normal serum samples collected from healthy blood
donors. The MIC-1 level was classified as abnormal if it was
greater than 1050 pg/ml. Statistical analysis was performed
using both serum and the stratified levels as stated. Where
parametric testing was used the log of the serum level was
used.

[0192] Subjects with higher MIC-1 serum levels had a
higher Tumour TNM grade. Using analysis of variance
(ANOVA), there were significant differences between
grades 1 and 4 as well as grades 2 and 4 (p<0.05). The TNM
tumour grade was stratified in to two groups, low grade
(TNM grade 1-2) and high grade (TNM 3-4). To test whether
the groups were significantly different, the data was analysed
using the equality of variance F-test with the hypothesis that
the groups were equal. The groups were different (p<0.0001:
F=21.01). This difference in variance indicates that a higher
MIC-1 is significantly associated with a higher grade of
tumour.

Analysis of Somatic Changes in p53 and K-ras:

Results:
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[0193] Individuals with a high, abnormal MIC-1 levels
had a greater chance of having metastatic disease, using
ANOVA (p<0.04) (FIG. 14).

[0194] When analysing the subgroup of individuals that
died of cancer there was a significant association with the
homozygous H6/H6 MIC-1 genotype and a prolonged dis-
ease-free survival time. Also, heterozygous H6/D6 and
homozygous D6/D6 had, respectively, shorter disease-free
survival times (p<0.02: Logrank (Mantel-Cox)) (FIG. 15).
This indicates a gene dose effect. When analysing all indi-
viduals there was a similar relationship between MIC-1
genotype and time from diagnosis to relapse. The same gene
dose effect that is present in those who died of CRC is
present in the whole population.

[0195] As the homozygous H6/H6 group had an increased
disease-free survival, the present applicants analysed nor-
mal, compared with abnormal MIC-1 levels within this
subgroup. Individuals having abnormally high levels of
homozygous H6/H6 MIC-1 had a shorter time to relapse of
disease, from diagnosis and initial treatment (p<0.03) (FIG.
16). There was no statistically significant difference in
disease-free survival, between normal and abnomal serum
MIC-1 levels, for subjects with the heterozygous H6/D6 or
homozygous D6/D6 MIC-1 genotypes. This indicates that
there are functional consequences of MIC-1 genotype on
tumour behaviour.

[0196] When all individuals were analysed for the effect of
MIC-1 genotype on the time to death, due to CRC, from
diagnosis, there was a slight effect. Homozygous D6/D6 and
heterozygous H6/D6 had an overall survival advantage
compared with homozygous H6/H6. Again, a gene dose
effect was discernible, but this did not reach statistical
significance. As there were a small number of homozygous
D6/D6 subjects they were excluded. The remaining indi-
viduals were stratified according to Dukes stage. There was
an increased survival advantage with the heterozygous
H6/D6 MIC-1 genotype in all groups. This reached signifi-
cance in the Dukes stage D group (P<0.05) (FIG. 17). This
is likely to be due to the larger overall tumour bulk in Dukes
stage D which lead to higher levels of MIC-1 and therefore
a larger effect.

[0197] There was also a highly significant correlation,
using the correlation z-test, between MIC-1 and age
(p=0.0006: Z=3.5) (FIG. 18). There was no such trend in the
normal population.

[0198] There was no significant relationship between
MIC-1 levels and sex, p5 3 phenotype, erb2, mlh1 mlh2 or
tumour volume. Additionally, there was no significant dif-
ference in the MIC-1 level compared with genotype.

[0199] Discussion:

[0200] MIC-1 level correlates with the TNM stage of
tumour, and the Dukes stage as well as with the presence of
metastasis. This indicates that the greater the tumour bulk,
the higher the MIC-1 level. The tumour volume measured
was the volume of the primary tumour and was not neces-
sarily a good representation of the entire tumour burden.
When looking at the effect of genotype, there appears to be
a paradox. The homozygous H6/H6 genotype is associated
with a longer disease-free survival time, yet shorter overall
survival. These observations could be explained by the
following theory. Homozygous H6/H6 MIC-1 retards
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tumour growth, but also has a negative effect, in that it
inhibits the immune system. After a period of time of initial
tumour suppression, the tumour becomes resistant and
increasingly higher levels of MIC-1 are produced. At this
point the detrimental effects of the high levels of MIC-1 on
the immune system become apparent, and contribute to the
faster progression to death. In contrast, heterozygous H6/D6
and homozygous D6/D6 MIC-1 do not retard tumour
growth, but on the positive side, they also do not suppress
the immune system. So although the disease returns more
quickly, there is less immune suppression. Consequently
there is better tumour control and therefore longer overall
survival.

[0201] This is likely to be parallel to the case of TGF-p1
in prostate cancer. As the prostate tumour develops, it is
initially responsive to the negative growth effects of TGF-
f1, but eventually loses its effect on the tumour due to
various changes in signalling pathways. These changes lead
to increased production of TGF-f1 and concomitant immu-
nosuppression, with faster disease progression.

[0202] Elevated TGF-B1 levels have been associated with
decreased overall survival in prostate cancer. TGF-f1 has
been proven to decrease cell mediated immunity to prostate
cancer in a dose related fashion. MIC-1 was initially isolated
from a subtraction cloning library selected for macrophage
activation, indicating it is likely to have effects on cellular
immunity. The presence of a D allele is associated with an
increased survival advantage. It is likely that this survival
advantage is mediated by differential changes in cellular
immune function mediated by H and D alleles. In the
presence of the homozygous H6/H6 MIC-1 genotype, as the
MIC-1 serum level rises there is more immunosuppression
than equivalent changes in other MIC-1 genotype serum
level changes. In the case of the D allele there is less
immunosuppression, possibly allowing cellular immunity to
keep the tumour in check, providing a survival advantage.
The reason this effect is only significant in the Dukes stage
D is two-fold. Firstly, there are low numbers in each group.
Secondly, there are higher serum levels of MIC-1 in the
Dukes stage D, hence a greater effect. These two factors
contribute to the pattern seen with earlier stages of disease
which don’t reach statisitical significance. This is similar to
the situation with TGF-p1. In the case of animals with
dysfunction in one of the two TGF-f1 genes, there is an
increased incidence of neoplasia.

[0203] In the case of MIC-1, with two allelic variants
leading to genotypic differences in its function, mechanistic
questions are raised. The point mutation in the MIC-1
molecule is in an area that is not known to be a receptor
binding site for the TGF-f1 superfamily. The similar situ-
ation with TGF-f1, that the present applicants have
described, is traditionally thought to be due to receptor and
post-receptor abnormalities. In the case of MIC-1, the D
mutation is close to the cleavage site of the mature peptide
from the propeptide. Interference with the cellular process-
ing, and, possibly secretion of MIC-1 may be an alternative
explanation of functional differences between the alleles.

[0204] Clinically, the MIC-1 level and genotype may be
used to stratify patients with respect to likelihood of pro-
gression to relapse and death. With reference to treatment,
patients who have a D allele may benefit from homozygous
H6/H6 MIC-1, but this would have to be balanced against
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the immunosuppressive effects of administration which may
be overcome by targeted delivery.

EXAMPLE 8

Changes in MIC-1 Levels in Rheumatoid Arthritis

[0205] The present applicants also looked at two groups of
individuals with rheumatoid arthritis (RA). One was an
unselected group of 20 patients with RA who had had
previous treatment and were presenting with a flareir of
discase. These individuals were treated with 1 gram of
intravenous methyl prednisolone, an anti-inflammatory
drug. Individuals were assessed pre-treatment and 4 and 24
hours post-treatment Serum C-reactive protein (CRP) was
determined for these time points using standard laboratory
techniques.

[0206] The second group consisted of 23 individuals who
underwent autologous stem cell transplant for severe, active
RA. These individuals had previously failed treatment with
five disease modifying drugs. Stem cells were harvested
after pre-treatment with granulocyte-colony stimulating fac-
tor. Individuals were then treated with high doses of cyclo-
phosphamide, a chemotherapeutic agent. The autologous,
previously harvested, stem cells, were then infused. This
effectively “rescued” bone marrow function. Blood samples
were taken 6 days before treatment and at 1.5 months post
treatment. The CRP and tumour necrosis factor (TNF) serum
levels were determined.

[0207] Allindividuals had a joint swollen score and a joint
tender score determined, by standard methods, as well as a
health assessment questionnaire (HAQ) performed. These
measurements were determined for each time point.

[0208] Serum samples were analysed for MIC-1 genotype
and serum level by our standard ELISA method for each
time point. These results were compared with the above
variables and the MIC-1 serum levels of a normal population
of 100-normal blood donors.

[0209]

[0210] Using an unpaired t-test MIC-1 serum levels were
significantly higher in RA patients (n1=43) compared with a
normal population (n=100)(RA: mean=893 pg/ml: SD=614:
normal: mean=406 pg/ml: SD=253 p<0.0001) (FIG. 20).

[0211] In the transplant population, MIC-1 serum levels
were higher 1.5 months post-transplant compared to pre-
transplant serum levels (using paired t-test analysis;
p=0.021). Also, it is notable that the joint swollen and tender
scores and HAQ also fell significantly (p<0.003) 1.5 months
post-transplant. There were no significant changes in CRP
and TNF serum levels (paired t-test). The degree of change
of MIC-1 levels between pre- and 1.5 months post-trans-
plant was positively correlated with the change in joint score
at 1.5 months (p=0.006; correlation Z-test). An abnormally
high MIC-1 serum level (>1050 pg/ml) post-transplant is
negatively correlated with changes in TNF levels (p<0.03;
Mann-Whitney-u test). The MIC-1 serum levels pre-trans-
plant were related to TNF serum levels pre-transplant, but
this just failed to reach significance (p=0.058; Kendall
correlation test). There were no other significant relation-
ships.

[0212] Taken together these trends may indicate that the
MIC-1 serum level is a predictor of synovial joint dysfunc-

Results:
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tion 1.5 months post transplant. The data also indicates that
MIC-1 serum levels, and changes in those levels, may be
related to the TNF serum level. TNF is a cytokine known to
contribe to RA pathogenesis. Alternatively, this may repre-
sent increased cytokine secretion from re-constituting bone
MAarrow.

[0213] In the unsclected RA population, there was a rela-
tionship between MIC-1 serum levels and age, but this just
failed to reach significance (p=0.064) using the correlation
Z test.

[0214] In the transplant group homozygous H6/H6 geno-
type, individuals had higher TNF serum levels and higher
joint swollen scores post-transplant (p<0.05; ANOVA). This
was also true for the pre-transplant TNF level, but this fell
just short of statistical significance (p=0.058; ANOVA).

[0215] In the unselected RA group, the HD genotype was
2 times more likely to have erosive disease (p<0.02) (FIG.
21). These individuals also had significantly lower levels of
C-reactive protein (CRP) pre-treatment and at 4 and 24
hours after treatment (p<0.02; Maim-Whitney-u test). Indi-
viduals with erosive disease also had lower levels of CRP at
all three time points (p<0.05; Mann-Whitney-u test) (FIGS.
22 and 23). This suggests that the genotype of MIC-1 has a
functional role in determining the manifestations of RA.

[0216]

[0217] There are clear relationships between MIC-1 geno-
type and erosive disease. MIC-1 genotype is also related to
variations in CRP serum levels in RA. CRP is one of the
major measurements of inflammatory activity in RA Addi-
tionally, the MIC-1 serum level is significantly raised in RA
compared to a normal group. Changes in MIC-1 serum
levels are likely to be related to TNF serum level changes.
These are MIC-1 genotype dependant. TNF is another
cytokine that plays a major role in RA pathogenesis. The
combined analysis of these correlations is that MIC-1 is
likely to play a role in the pathogenesis of RA and that a
given individual’s MIC-1 genotype can predict the course of
disease.
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[0245] 1t will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects as illustrative and not
restrictive.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1
<211> LENGTH: 308
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-continued

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Pro Gly Gln Glu Leu Arg Thr Leu Asn Gly Ser Gln Met Leu Leu
1 5 10 15

Val Leu Leu Val Leu Ser Trp Leu Pro His Gly Gly Ala Leu Ser Leu
20 25 30

Ala Glu Ala Ser Arg Ala Ser Phe Pro Gly Pro Ser Glu Leu His Ser
Glu Asp Ser Arg Phe Arg Glu Leu Arg Lys Arg Tyr Glu Asp Leu Leu
50 55 60

Thr Arg Leu Arg Ala Asn Gln Ser Trp Glu Asp Ser Asn Thr Asp Leu
65 70 75 80

Val Pro Ala Pro Ala Val Arg Ile Leu Thr Pro Glu Val Arg Leu Gly
85 90 95

Ser Gly Gly His Leu His Leu Arg Ile Ser Arg Ala Ala Leu Pro Glu
100 105 110

Gly Leu Pro Glu Ala Ser Arg Leu His Arg Ala Leu Phe Arg Leu Ser
115 120 125

Pro Thr Ala Ser Arg Ser Trp Asp Val Thr Arg Pro Leu Arg Arg Gln
130 135 140

Leu Ser Leu Ala Arg Pro Gln Ala Pro Ala Leu His Leu Arg Leu Ser
145 150 155 160

Pro Pro Pro Ser Gln Ser Asp Gln Leu Leu Ala Glu Ser Ser Ser Ala
165 170 175

Arg Pro Gln Leu Glu Leu His Leu Arg Pro Gln Ala Ala Arg Gly Arg
180 185 190

Arg Arg Ala Arg Ala Arg Asn Gly Asp Asp Cys Pro Leu Gly Pro Gly
195 200 205

Arg Cys Cys Arg Leu His Thr Val Arg Ala Ser Leu Glu Asp Leu Gly
210 215 220

Trp Ala Asp Trp Val Leu Ser Pro Arg Glu Val Gln Val Thr Met Cys
225 230 235 240

Ile Gly Ala Cys Pro Ser Gln Phe Arg Ala Ala Asn Met His Ala Gln
245 250 255

Ile Lys Thr Ser Leu His Arg Leu Lys Pro Asp Thr Val Pro Ala Pro
260 265 270

Cys Cys Val Pro Ala Ser Tyr Asn Pro Met Val Leu Ile Gln Lys Thr
275 280 285

Asp Thr Gly Val Ser Leu Gln Thr Tyr Asp Asp Leu Leu Ala Lys Asp
290 295 300

Cys His Cys Ile
305

<210> SEQ ID NO 2

<211> LENGTH: 308

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Pro Gly Gln Glu Leu Arg Thr Leu Asn Gly Ser Gln Met Leu Leu
1 5 10 15
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-continued

Val Leu Leu Val Leu Ser Trp Leu Pro His Gly Gly Ala Leu Ser Leu
20 25 30

Ala Glu Ala Ser Arg Ala Ser Phe Pro Gly Pro Ser Glu Leu His Thr
35 40 45

Glu Asp Ser Arg Phe Arg Glu Leu Arg Lys Arg Tyr Glu Asp Leu Leu
50 55 60

Thr Arg Leu Arg Ala Asn Gln Ser Trp Glu Asp Ser Asn Thr Asp Leu
65 70 75 80

Val Pro Ala Pro Ala Val Arg Ile Leu Thr Pro Glu Val Arg Leu Gly
85 90 95

Ser Gly Gly His Leu His Leu Arg Ile Ser Arg Ala Ala Leu Pro Glu
100 105 110

Gly Leu Pro Glu Ala Ser Arg Leu His Arg Ala Leu Phe Arg Leu Ser
115 120 125

Pro Thr Ala Ser Arg Ser Trp Asp Val Thr Arg Pro Leu Arg Arg Gln
130 135 140

Leu Ser Leu Ala Arg Pro Gln Ala Pro Ala Leu His Leu Arg Leu Ser
145 150 155 160

Pro Pro Pro Ser Gln Ser Asp Gln Leu Leu Ala Glu Ser Ser Ser Ala
165 170 175

Arg Pro Gln Leu Glu Leu His Leu Arg Pro Gln Ala Ala Arg Gly Arg
180 185 190

Arg Arg Ala Arg Ala Arg Asn Gly Asp His Cys Pro Leu Gly Pro Gly
195 200 205

Arg Cys Cys Arg Leu His Thr Val Arg Ala Ser Leu Glu Asp Leu Gly
210 215 220

Trp Ala Asp Trp Val Leu Ser Pro Arg Glu Val Gln Val Thr Met Cys
225 230 235 240

Ile Gly Ala Cys Pro Ser Gln Phe Arg Ala Ala Asn Met His Ala Gln
245 250 255

Ile Lys Thr Ser Leu His Arg Leu Lys Pro Asp Thr Val Pro Ala Pro
260 265 270

Cys Cys Val Pro Ala Ser Tyr Asn Pro Met Val Leu Ile Gln Lys Thr
275 280 285

Asp Thr Gly Val Ser Leu Gln Thr Tyr Asp Asp Leu Leu Ala Lys Asp
290 295 300

Cys His Cys Ile
305

<210> SEQ ID NO 3

<211> LENGTH: 927

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

atgccecggge aagaactcag gacgctgaat ggctctcaga tgctcctggt gttgetggtg 60
ctctegtgge tgccgcatgg gggegecctg tctctggecg aggcgagecg cgcaagttte 120
ccgggaccct cagagttgca caccgaagac tccagattcc gagagttgcg gaaacgctac 180
gaggacctgc taaccaggct gcgggccaac cagagctggg aagattcgaa caccgacctce 240

gtcceggece ctgcagtccg gatactcacg ccagaagtgc ggctgggatc cggcggeccac 300

ctgcacctgc gtatctctcg ggccgeccectt cccgagggge tccccgagge ctceccgectt 360



US 2004/0053325 Al Mar. 18, 2004
19

-continued

caccgggcte tgttecegget gtceccgacg gegtcaaggt cgtgggacgt gacacgacct 420
ctgcggegte agctcagect tgcaagaccc caggegeccg cgctgcacct gegactgteg 480
ccgecgecgt cgcagtcgga ccaactgetg gcagaatctt cgtccgcacg gecccagetg 540
gagttgcact tgcggccgca agccgcecagg gggcgccgca gagcegcegtge gegcaacggg 600
gaccactgtc cgctecgggec cgggegttge tgccgtetge acacggtcecg cgegtegetg 660
gaagacctgg gctgggccga ttgggtgetg tcgccacggg aggtgcaagt gaccatgtge 720
atcggegegt geccgageca gttcecgggeg gcaaacatge acgcgcagat caagacgage 780
ctgcaccgec tgaagcccga cacggtgeca gecgcecctget gegtgeccge cagectacaat 840
cccatggtge tcattcaaaa gaccgacacc ggggtgtcge tccagaccta tgatgacttg 900
ttagccaaag actgccactg catatga 927
<210> SEQ ID NO 4

<211> LENGTH: 927

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

atgcececggge aagaactcag gacgctgaat ggctctcaga tgctocetggt gttgetggtg 60
ctctegtgge tgocegecatgg gggegecetg toctetggecg aggcgagecg cgcaagttte 120
ccgggacccet cagagttgca ctccgaagac tccagattcc gagagttgcg gaaacgctac 180
gaggacctgc taaccaggct gcgggccaac cagagctggg aagattcgaa caccgacctce 240
gtcceggece ctgcagteceog gatactcacg ccagaagtge ggotgggatc cggeggecac 300
ctgcacctge gtatctecteg ggecegecett cccgagggge tcccocgagge ctcecgectt 360
caccgggctc tgttccgget gtccccgacg gecgtcaaggt cgtgggacgt gacacgaccg 420
ctgcggegte agctcagect tgcaagaccc caggcgeccg cgctgcacct gegactgteg 480
ccgcecgecgt cgcagtcgga ccaactgetg gcagaatctt cgtccgcacg gccccagcetg 540
gagttgcact tgcggccgca agccgccagg gggcgccgca gagcgcgtgce gcgcaacggg 600
gacgactgtc cgctcgggec cgggegttge tgccgtctge acacggtccg cgcgtcegetg 660
gaagacctgg gctgggccga ttgggtgetg tcgccacggg aggtgcaagt gaccatgtge 720
atcggecgegt gcccgageca gttccgggeg gcaaacatgc acgcgcagat caagacgagce 780
ctgcaccgcc tgaagcccga cacggtgcca gcgccctgcet gecgtgcccge cagctacaat 840
cccatggtge tcattcaaaa gaccgacacc ggggtgtcgc tccagaccta tgatgacttg 900
ttagccaaag actgccactg catatga 927
<210> SEQ ID NO 5

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: PCR primer
<400> SEQUENCE: 5

aggacctgct aaccaggctg cgggccaacc agagc 35

<210> SEQ ID NO 6
<211> LENGTH: 33
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-continued

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

<400> SEQUENCE: 6

ggctaacaag tcatcatagg tctggagcga cac

<210> SEQ ID NO 7

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Ala Arg Asn Gly Asp Asp Cys Pro Leu
1 5

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

<400> SEQUENCE: 8

gccgecgecg tcegcagtegg a

<210> SEQ ID NO 9

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

<400> SEQUENCE: 9

caggcggtge aggctcgtet tgat

PCR primer

33

PCR primer

21

PCR primer

24

1. A method of diagnosis of miscarriage risk and/or
premature birth, said method comprising;

(i) determining the amount of MIC-1 present in a body
sample taken from a pregnant test subject having a
known gestation age, and

(i) comparing said determined amount against the
amount, or range of amounts, present in equivalent
body sample(s) taken from normal pregnant subject(s)
of a gestation age which is substantially equivalent to
said known gestation age of said test subject.

2. A method according to claim 1, wherein said body
sample is selected from whole blood, blood serum, plasma,
amniotic fluid, placental extracts, urine and cerebrospinal
fluid.

3. A method according to claim 2, wherein the body
sample is selected from blood serum, amniotic fluid and
placental extracts.

4. A method according to any one of claims 1 to 3,
wherein the body sample is a blood serum sample.

5. Amethod according to claim 4, wherein the test subject
is in the first trimester of pregnancy and wherein a deter-
mined amount of MIC-1 present in the blood serum of said

test subject that is less than or equal to 4 ng/ml is indicative
of increased risk of miscarriage and/or premature birth.

6. A method according to claims 4, wherein the test
subject is in the second trimester of pregnancy and wherein
a determined amount of MIC-1 present in the blood serum
sample of said test subject that is less than or equal to 8
ng/ml is indicative of increased risk of miscarriage and/or
premature birth.

7. Amethod according to claim 4, wherein the test subject
is in the third trimester of pregnancy and wherein a deter-
mined amount of MIC-1 present in the blood serum of said
test subject that is less than or equal to 12 ng/ml is indicative
of increased risk of miscarriage and/or premature birth.

8. A method according to any one of claims 1 to 3,
wherein the body sample is an amniotic fluid sample.

9. A method according to claim 8, wherein said test
subject is in the second trimester of pregnancy and wherein
a determined amount of MIC-1 present in the amniotic fluid
sample of said test subject that is less than or equal to 10
ng/ml is indicative of an increased risk of miscarriage and/or
premature birth.

10. A method according to any one of claims 1 to 3,
wherein the body sample is a placental extract sample.

11. A method according to claim 10, wherein said test
subject is in the third trimester of pregnancy and wherein a
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determined amount of MIC-1 present in the placental extract
sample that is less than or equal to about 18 ng/ml is
indicative of an increased risk of miscarriage and/or prema-
ture birth.

12. A method according to claim 10, wherein said test
subject is in the third trimester of pregnancy and wherein a
determined amount of MIC-1 present in the placental extract
sample that is less than or equal to about 10 ng/ml is
indicative of an increased risk of miscarriage and/or prema-
ture birth.

13. A method of treating a pregnant subject to reduce the
risk of miscarriage and/or premature birth, said method
comprising administering to said subject an effective amount
of MIC-1 optionally in admixture with a pharmacologically-
acceptable carrier and/or excipient.

14. A method according to claim 13, wherein said effec-
tive amount of MIC-1 is such that the total amount of
administered MIC-1 and endogenous MIC-1 present in the
placental tissues of said subject is maintained in the range of
15-70 ng/ml.

15. A method according to claim 13, wherein said effec-
tive amount of MIC-1 is such that the total amount of
administered MIC-1 and endogenous MIC-1 present in the
placental tissues of said subject is maintained in the range of
30-50 ng/ml.

16. A method of treating a pregnant subject to reduce the
risk of miscarriage and/or premature birth, said method
comprising administering to said subject a recombinant
adenoviral or adenoviral-associated vector including an
expressible MIC-1-encoding nucleotide sequence or, other-
wise, adminstering to said subject liposomes containing a
linear MIC-1-encoding DNA operably linked to an appro-
priate promoter sequence.

17. A method of diagnosis of foetal abnormalities, said
method comprising;

(i) determining the amount of MIC-1 present in a body
sample taken from a pregnant test subject having a
known gestation age, and

(i) comparing said determined amount against the
amount, or range of amounts, present in equivalent
body sample(s) from normal pregnant subject(s) with a
gestation age which is substantially equivalent to said
known gestation age of said test subject.

18. A method of diagnosis or assessment of a cancer

characterised by an abnormal level of expression of MIC-1,
said method comprising;

(1) determining the amount of MIC-1 present in a body
sample taken from a test subject, and

(i) comparing said determined amount against the
amount, or range of amounts, present in equivalent
body sample(s) from normal subject(s).

19. A method according to claim 18, wherein said body
sample is selected from blood serum, plasma, urine, cere-
brospinal fluid, synovial fluid, seminal fluid or tissue biopsy.

20. A method according to claim 18 or 19, wherein said
cancer is prostate cancer, breast cancer, colonic cancer,
rectal cancer or bladder cancer.

21. A method of diagnosis of rheumatoid arthritis, said
method comprising;

(i) determining the amount of MIC-1 present in a body
sample from a test subject, and
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(il) comparing said determined amount against the
amount, or range of amounts, present in equivalent
body sample(s) from normal subject(s).

22. A method according to claim 21, wherein the body
sample is selected from blood serum, plasma and synovial
fluid.

23. A method according to any one of claims 1 to 12 or
17 to 22, wherein the amount of MIC-1 present in the body
sample is determined by immunoassay or immunohis-
tochemistry using antibodies or fragments thereof against
MIC-1.

24. A method of treating inflammation in the subject, said
method comprising administering to said subject an effective
amount of MIC-1 optionally in admixture with a pharma-
cologically-acceptable carrier and/or excipient.

25. Amethod of diagnosis or assessment of inflammatory
disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having aspartic acid at position 202 or a position
corresponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

26. A method of assessing a predisposition to inflamma-
tory disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having aspartic acid at position 202 or a position
corresponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

27. Amethod of diagnosis or assessment of inflammatory
disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having histidine at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

28. A method for assessing a predisposition to inflamma-
tory disease and/or cancer in a human subject, said method
comprising determining the presence of a MIC-1 variant
protein having histidine at position 202 or a position corre-
sponding to position 202 of immature human wild type
MIC-1 in a suitable sample from said subject.

29. A method according to any one of claims 25 to 28,
wherein the inflammatory disease is rheumatoid arthritis.

30. A method according to any one of claims 25 to 28,
wherein the cancer is prostate cancer.

31. A method according to any one of claims 25 to 28,
wherein the presence of a MIC-1 variant protein in the said
sample is determined by immunoassay using antibodies or
fragments thereof which preferentially bind to either human
wild type MIC-1 and/or variants which have histidine at
position 202, or MIC-1 variant proteins which have aspartic
acid at position 202.

32. A method according to any one of claims 25 to 31,
wherein said sample is selected from whole blood, blood
serum, plasma, urine or tissue biopsy.

33. A method for genotyping a human subject in relation
to MIC-1, said method comprising determining whether said
subject is homozygous or heterozygous for a MIC-1 protein
having histidine at position 202 or a position corresponding
to position 202 of immature human wild type MIC-1 or a
MIC-1 variant protein which has aspartic acid at position
202 or a position corresponding to position 202 of immature
human wild type MIC-1.

34. A method for diagnosing or assessing inflammatory
discase and/or cancer in a human subject or, otherwise,
assessing a predisposition to inflammatory disease and/or
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cancer in a human subject, said method comprising geno- MIC-1 or a MIC-1 variant protein which has aspartic acid at
typing said subject in relation to MIC-1 by determining position 202 or a position corresponding to position 202 of
whether said subject is homozygous or heterozygous for a immature human wild type MIC-1.

MIC-1 protein having histidine at position 202 or a position

corresponding to position 202 of immature human wild type ok ko ko
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FIGURE 1

Serum MIC-1 compared with PSA
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