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Description
FIELD OF THE INVENTION

[0001] The present invention concerns methods of identifying extra-uterine (or ectopic) pregnancies and involves the
screening of samples for the presence of certain molecules now known to be markers of extra-uterine pregnancies.

BACKGROUND

[0002] A small percentage of all pregnancies occur in an extra-uterine location and are otherwise known as ectopic
pregnancies. There are approximately 12,000 ectopic pregnancy cases annually in the UK (1).

[0003] An extra-uterine or ectopic pregnancy occurs when an immunologically and morphologically normal embryo
implants abnormally. Typically, implantation of the fertilised embryo occurs outside of the womb and may involve im-
plantation within the fallopian tubes (tubal pregnancy) - although implantation can occur at other locations.

[0004] The pathogenic events that predispose to extra-uterine implantation remain undefined. Implantation of the
embryo at an ectopic site, such as the fallopian tube, would appear to be the result of the breakdown in the normal host
immune response to a foreign pathogen. Decidualisation (the change in the womb lining which occurs with pregnancy)
is a key immunological element for successful pregnancy. With extra-uterine gestation there is a decidual reaction in
the uterine cavity but not usually in the fallopian tube.

[0005] The mis-diagnosis of an ectopic pregnancy can result in death. At present, ectopic pregnancies are diagnosed
by means of an assessment of the patient’s general condition (with particular emphasis on the presence of bleeding
and pain), repeated (serial) beta - human chorionic gonadotropin (hCG) tests and trans-vaginal ultrasound (to establish
whether or not there is a intra-uterine pregnancy). These entities are time-consuming and are costly, both financially to
the National Health Service and psychologically to the patient. Moreover, they often result in the unnecessary need for
laparoscopy (keyhole surgery), with its inherent dangers, to confirm the diagnosis (4). Furthermore, half of all of ectopic
pregnancies are either un-diagnosed or mis-diagnosed. Early diagnosis is essential for optimal conservation of fallopian
tubal integrity (to preserve future fertility) and to prevent potentially life-threatening abdominal bleeding (2). As such,
there is a considerable drive to establish new diagnostic methods.

[0006] In the pre-genomic era, a one-by-one scientific approach has been unsuccessful in revealing markers that
could be used as a single blood test for ectopic pregnancy (5-7).

[0007] The object of the present invention is to obviate or mitigate at least one of the aforementioned problems.

SUMMARY OF THE INVENTION

[0008] The present invention provides an improved method for identifying an ectopic or extra-uterine pregnancy,
particularly, for example, tubal pregnancies. Specifically, the method requires identifying the level of certain genes and/or
proteins in a sample provided by a subject, and determining whether or not the level of those genes and/or proteins is
indicative of an ectopic pregnancy.

[0009] Accordingly, and in a first aspect, the present invention provides a method for identifying an ectopic pregnancy,
said method comprising the steps of;

(a) providing a sample from a subject;
(b) identifying a level of one or more of:

(i) inhibin/activin Bg subunit gene

(i) activin B

(iii) cysteine-rich secretory protein 3 (CRISP-3); and/or
(iv) carboxypeptidase-B 1 (CPB 1)

in the sample, wherein the level of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 is associated with,
or indicative of, an ectopic pregnancy.

[0010] Itis to be understood that the terms "inhibin/activin Bg subunit" and/or "activin B" as used herein, are intended
to serve as references to either the genes encoding the inhibin/activin Bg subunit and/or the protein products thereof
(i.e. activin B). Furthermore, it is to be understood that the term "level" or "amount" should be understood as relating to
levels or amounts of gene and/or protein expression.

[0011] Inaddition, itis to be understood that the terms "CRISP-3" and/or "CPB1" as used herein, are intended to serve
as references to either the genes encoding CRISP-3 and/or CPB 1 and/or the protein products thereof (i.e. CRISP-3
and/or CPB1). It is important to note that CRISP-3 may otherwise be known as specific granule protein of 28 kDa
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(SGP28). It has been found in seminal plasma, prostate, pancreas, neutrophils, saliva, sweat, and blood but little is
known about the function of the protein and a common mode of action has not been described (Bjartell A, et al. Prostate.
2006 66(6):591-603; Udby L, et al. J Androl. 2005 26(3):333-42). CPB1 or Carboxypeptidase B1 has been studied in
the context of pancreatic injury (Appelros S, et al. Gut. 1998 42:97-102; Appelros S et al. Br J Surg 2001 88: 216-7). It
is thought to stimulate the inflammatory response and has been found in plasma and urine.

[0012] It should be understood that in order to identify an ectopic pregnancy, one of skill may choose to identify a level
of any one of the substances (genes and/or proteins) described herein, in a sample provided by a subject. Alternatively,
one may identify a level of two or more of any of the abovementioned substances in the same or a number of different
samples provided by the subject.

[0013] Inone embodiment, the sample provided by a subject may comprise, for example, whole blood, plasma, serum,
saliva, sweat and/or urine. Preferably, the sample comprises whole blood, serum and/or plasma. Additionally, or alter-
natively, the sample may comprise a biopsy, scrapping or swab derived from a particular tissue. By way of example,
and in one embodiment, the sample may comprise uterine decidua. In a further embodiment, the sample may comprise
a secretion or a wash. For example, the sample may comprise a vaginal or uterine secretion.

[0014] The present invention has particular application in the identification of ectopic pregnancies in mammalian
subjects, particularly humans.

[0015] The subjects to be tested by the methods described herein may initially present with certain symptoms and,
as such, may be suspected of having an ectopic pregnancy. Symptoms indicative of an ectopic pregnancy may include,
for example, mild/severe pain, mild/severe vaginal bleeding, no detectable intra-uterine pregnancy on ultrasound and
an abnormal pattern of serial serum human chorionic gonadotrophin (hCG) levels (e.g. not doubling over 48 hours).
Alternatively, the subject may be asymptomatic and, in a further embodiment, the subject may be at risk of, or predisposed
to, developing an ectopic pregnancy.

[0016] Itis to be understood that in subjects identified as having an ectopic pregnancy, the level of inhibin/activin Bg
subunit gene expression is decreased when compared to the level of inhibin/activin Bg subunit gene expression in either
subjects who are not pregnant or those with a normal, intra-uterine pregnancy. Similarly the levels (particularly systemic
levels) of activin B are decreased when compared to the level (for example, the systemic level) of activin B present in
either subjects who are not pregnant or those with a normal intra-uterine pregnancy.

[0017] In subjects identified as having an ectopic pregnancy, the level of CRISP-3 may be increased when compared
to the level CRISP-3 present in either subjects who are not pregnant or those with a normal, intra-uterine pregnancy.
Furthermore, the level of CPB 1 in subjects identified as having an ectopic pregnancy is decreased when compared to
the level of CPB1 present in either subjects who are not pregnant or those with a normal intra-uterine pregnancy.
[0018] As such, in order to identify an ectopic pregnancy, one of skill in the art may compare the results obtained from
any of the methods described herein (i.e. the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3
and/or CPB1 in a sample provided by a subject), with the levels of the same proteins and/or genes in a reference or
control sample, or with a reference value.

[0019] Accordingly, in one embodiment, the present invention provides a method of identifying an ectopic pregnancy,
said method comprising the steps of;

(a) providing a sample from a subject;
(b) identifying a level of one or more of

(i) inhibin/activin Bg subunit gene;
(ii) activin B;

(iii) CRISP-3; and/or

(iv) CPB1;

in the sample; and

(c) comparing the level of inhibin/activin Bz subunit gene expression, activin B, CRISP-3 and/or CPB1 identified in
the sample, with the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB1 identified
in a reference sample or value;

wherein, the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB1 is associated with, or
indicative of, an ectopic pregnancy.

[0020] A "reference sample" may be considered to be a sample derived from a subject (a reference subject) who is
either not pregnant or who has a normal i.e. ongoing intra-uterine (foetal heart and pole seen on ultrasound within uterine
cavity), or failing intra-uterine pregnancy (no foetal heart but foetal pole within uterine cavity). Preferably, the reference
sample should be the same type of sample as the sample derived from the subject. For example, if the sample provided
by the subject comprises or consists of blood plasma, so too should the reference sample. Advantageously, the level
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of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB 1 in the sample provided by the subject
may be compared with the level of the same proteins and/or genes in a number of reference samples, each derived
from a different reference subject.

[0021] Areference value may be considered to represent the level of inhibin/activin Bg subunit gene expression, activin
B, CRISP-3 and/or CPB | present in a reference sample. Advantageously, a reference value may represent the mean
value of the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB1 present in a number of
reference samples derived from a number of different reference subjects.

[0022] In one embodiment, the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB 1
identified in a sample provided by a subject may also be compared to the level of the same proteins and/or genes in a
sample derived from a subject known to have an ectopic pregnancy. Such a sample may otherwise be known as a
positive control.

[0023] In summary, samples which reveal a level of inhibin/activin Bg subunit gene expression which is less than the
level of inhibin/activin Bg subunit gene expression present in a reference sample, may be derived from subjects who
have an extra-uterine pregnancy. A sample which reveals a level of inhibin/activin Bg subunit gene expression which is
greater than or equal to the level of inhibin/activin Bg subunit gene expression present in a reference sample, may be
derived from subjects who do not have an extra-uterine pregnancy. Samples which reveal a level of activin B which is
less than the level of activin B present in a reference sample, may be derived from subjects who have an extra-uterine
pregnancy. Samples which reveal a level of activin B which greater than or equal to the level of activin B present in a
reference sample, may be derived from subjects who does not have an extra-uterine pregnancy.

[0024] By way of example, when compared to the level of inhibin/activin Bg subunit gene expression present in a
reference sample, a decrease of about 1% in the amount of inhibin/activin Bg subunit gene expression in the sample
tested may indicate an extra-uterine pregnancy. Preferably, a decrease of about, 2%, more preferably about 5% and
even more preferably about 10%, in the amount of inhibin/activin Bg subunit gene expression in the sample tested, may
indicate an extra-uterine pregnancy. In other cases, a decrease of at least about 15% to about 100% is indicative of an
extra-uterine pregnancy.

[0025] When compared to the level of activin B present in a reference sample, a decrease of about 1% in the amount
of activin B in the sample tested may indicate an extra-uterine pregnancy. Preferably, a decrease of about, 2%, more
preferably about 5%, even more preferably about 10%, and more preferably still about 20% in the amount of activin B
in the sample tested, may indicate an extra-uterine pregnancy. In other cases, a reduction of about 30% to about 100%
in the amount of activin B is indicative of an extra-uterine pregnancy.

[0026] Samples which reveal a level of CRISP-3 which is greater than the level of CRISP-3 present in a reference
sample, may be derived from subjects who have an extra-uterine pregnancy. A sample which reveals a level of CRISP-
3 which is less than or equal to the level of CRISP-3 present in a reference sample, may be derived from subjects who
do not have an extra-uterine pregnancy. Samples which reveal a level of CBP1 which is less than the level of CBP1
present in a reference sample, may be derived from subjects who have an extra-uterine pregnancy. Samples which
reveal a level of CBP1 which greater than or equal to the level of CBP1 present in a reference sample, may be derived
from subjects who does not have an extra-uterine pregnancy.

[0027] By way of example, when compared to the level of CRISP-3 present in a reference sample, an increase of
about 1% in the amount of CRISP-3 in the sample tested may indicate an extra-uterine pregnancy. Preferably, an
increase of about, 10%, more preferably about 100% and even more preferably about 1000%, in the amount of CRISP-
3 in the sample tested, may indicate an extra-uterine pregnancy. Typically, an increase of at least about 10% to about
1000% is indicative of an extra-uterine pregnancy.

[0028] When compared to the level of CPB 1 present in a reference sample, a decrease of about 1% in the amount
of CPB 1 in the sample tested may indicate an extra-uterine pregnancy. Preferably, a decrease of about, 10%, more
preferably about 100%, even more preferably about 1000%, and more preferably still about 3000% in the amount of
CRISP-3 in the sample tested, may indicate an extra-uterine pregnancy.

[0029] One of skill in the art will be familiar with the techniques which may be used to identify levels of proteins and/or
genes, such as inhibin/activin Bg subunit, activin B, CRISP-3 and/or CPB 1 in samples such as those listed above.
[0030] In one embodiment, the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3 and/or CPB1
may be identified by techniques, such as immunological techniques, which exploit agents capable of binding the inhibin/
activin Bg subunit gene, activin B, CRISP-3 and/or CPB1. Such methods are particularly suited to identifying levels of
particular proteins.

[0031] In one embodiment, the present invention may provide a method comprising the step of contacting a substrate
(or portion thereof) with a sample to be tested, under conditions which permit the association, interaction, binding and/or
immobilisation of any inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 present in the sample, to said
substrate.

[0032] Suitable substrates may include, for example, glass, nitrocellulose, paper, agarose and/or plastics. A substrate
such as, for example, a plastic material, may take the form of a microtitre plate. One of skill will appreciate that where
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the levels of two or more of group consisting of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 are to
be identified ina sample, one or more substrates may be used. For example, where the levels of two of the abovementioned
group of substances are to be identified, two substrates may be used - one for each substance to be detected.

[0033] Alternatively, the substrate(s) to be contacted with the sample to be tested may comprise (an) agent(s) capable
of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1. Preferably, the agent(s) capable of
binding the inhibin/activin Bz subunit gene, activin B, CRISP-3 and/or CPB1, is/are bound to the substrate(s) (or at least
a portion thereof). Suitable binding agents may include, for example, antibodies such as monoclonal antibodies or
polyclonal antibodies (or antigen binding fragments thereof), oligonucleotides and/or other types of peptide or small
molecule capable of binding to the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1. Itis to be understood
that this definition applies to all types of binding agent mentioned herein. As such, the substrate(s) (or (a) portion9s)
thereof) may be contacted with the sample to be tested under conditions which permit binding or interaction between
the agents capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 and any inhibin/activin
Bg subunit gene, activin B, CRISP-3 and/or CPB 1 present in the sample.

[0034] Any inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 bound to the substrate(s) or agent(s)
capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1, may be detected with the use
of (a) further agent(s) capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 (referred
to hereinafter as the "primary binding agent(s)"). Additionally, or alternatively, the primary binding agents may have
affinity for, or bind to, the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1::substrate complexes or
complexes comprising the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 and the abovementioned
agents capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1.

[0035] The primary binding agents may be conjugated to moieties which permit them to be detected (referred to
hereinafter as "detectable moieties."). For example, the primary agents may be conjugated to an enzyme capable of
reporting a level via a colourmetric chemiluminescent reaction. Such conjugated enzymes may include but are not limited
to Horse Radish Peroxidase (HRP) and Alkaline Phosphatase (AlkP). Additionally, or alternatively, the primary binding
agents may be conjugated to a fluorescent molecule such as, for example a fluorophore (particularily useful for oligo-
nucleotide labelling), such as FITC, rhodamine or Texas Red. Other types of molecule which may be conjugated to
binding agents include radiolabelled moieties.

[0036] Alternatively, any inhibin/activin g subunit gene, activin B, CRISP-3 and/or CPB1 bound to the substrate or
agents capable of binding the inhibin/activin g subunit gene, activin B, CRISP-3 and/or CPB1, may be detected by
means of a yet further binding agent (referred to hereinafter as "secondary binding agents") having affinity for the primary
binding agents. Preferably, the secondary binding agents are conjugated to detectable moieties.

[0037] The amount of primary binding agent (or secondary binding agent bound thereto) bound to the inhibin/activin
Bg subunit gene, activin B, CRISP-3 and/or CPB1, may represent the level of the inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB 1 present in the sample tested.

[0038] In one embodiment, the above described methods for identifying a level of the inhibin/activin Bg subunit gene,
activin B, CRISP-3 and/or CPB1, may take the form of "dip-stick" test, wherein one or more substrate(s) (or portion(s)
thereof) is/are contacted with one or more sample(s) to be tested under conditions which permit the binding of any
inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 present in the sample(s) to the substrate(s) or a binding
agent bound or immobilised thereto.

[0039] In a further embodiment, the methods may take the form of an immunological assay such as, for example, an
enzyme-linked immunosorbent assay (ELISA). An ELISA may take the form of a "capture" ELISA wherein, a sample to
be tested is contacted with a substrate, and any inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 present
in the sample is "captured" or bound by a binding agent (capable of binding the inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB1) bound or immobilised to the substrate. Alternatively, the sample may be contacted with the
substrate under conditions which permit "direct" binding between any inhibin/activin Bg subunit gene, activin B, CRISP-
3 and/or CPB 1 present in the sample and the substrate.

[0040] Each of the ELISA methods described above may comprise a "direct" inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB1 detection step or an "indirect" identification step. ELISAs involving such steps may be known
as "direct" ELISAs or "indirect" ELISAs.

[0041] A "direct" ELISA may involve contacting the sample to be tested with a substrate under conditions which permit
the binding of any inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 present in the sample to the substrate
and/or a binding agent bound thereto. After an optional blocking step, bound inhibin/activin g subunit gene, activin B,
CRISP-3 and/or CPB1 may be detected by way of an agent capable of binding inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB 1 (i.e. a primary binding agent). Preferably, the primary binding agents are conjugated to a
detectable moiety.

[0042] An"indirect" ELISA may comprise the further step of, after contacting the inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB1 with a primary binding agent, using a further binding agent (secondary binding agent) with
affinity or specificity for the primary binding agent. Preferably, the secondary binding agent may be conjugated to a
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detectable moiety.

[0043] Other immunological techniques which may be used to identify a level of the inhibin/activin Bg subunit gene,
activin B, CRISP-3 and/or CPB 1 in a sample include, for example, immunohistochemistry wherein binding agents, such
as antibodies capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1, are contacted
with a sample, preferably a tissue sample, under conditions which permit binding between the inhibin/activin Bg subunit
gene, activin B, CRISP-3 and/or CPB 1 present in the sample and the inhibin/activin g subunit gene, activin B, CRISP-
3 and/or CPB1. Typically, prior to contacting the sample with the binding agent, the sample is treated with, for example
a detergent such as Triton X100. Such a technique may be referred to as "direct" immunohistochemical staining.
[0044] Alternatively, the sample to be tested may be subjected to an indirect immunohistochemical staining protocol
wherein, after the sample has been contacted with an/a inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB
1 binding agent, a further binding agent (a secondary binding agent) which is specific for, has affinity for or is capable
of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 binding agent, is used to detect inhibin/
activin g subunit gene, activin B, CRISP-3 and/or CPB 1::binding agent complexes.

[0045] The skilled man will understand that in both direct and indirect immunohistochemical techniques, the binding
agent or secondary binding agent may be conjugated to a detectable moiety. Preferably, the binding agent or secondary
binding agent is conjugated to a moiety capable of reporting a level of bound binding agent or secondary binding agent,
via a colourmetric chemiluminescent reaction.

[0046] In order to identify the levels of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 present in the
sample, one may compare the results of an immunohistochemical stain with the results of an immunohistochemical stain
conducted on a reference sample. By way of example, a sample which reveals less bound inhibin/activin Bg subunit
gene binding agent (or secondary binding agent) than in a reference sample, may have been provided by a subject with
an ectopic pregnancy. A sample which reveals less bound activin B binding agent (or secondary binding agent) than in
a reference sample, may have been provided by a subject who does not have an ectopic pregnancy. A sample which
reveals more bound CRISP-3 binding agent (or secondary binding agent) than in a reference sample, may have been
provided by a subject with an ectopic pregnancy. A sample which reveals less bound CBP1 binding agent (or secondary
binding agent) than in areference sample, may have been provided by a subject who does not have an ectopic pregnancy.
[0047] Samples which reveal an amount of inhibin/activin Bg subunit gene binding agent (or secondary binding agent)
which is greater than or equivalent to the amount of binding agent (or secondary binding agent) identified in a reference
sample, may have been derived from subjects who do not have an ectopic pregnancy. Samples which reveal an amount
of activin B binding agent (or secondary binding agent) which is greater than or equivalent to the amount of binding
agent (or secondary binding agent) identified in a reference sample, may have been derived from subjects who do not
have an ectopic pregnancy. Samples which reveal an amount of CRISP-3 binding agent (or secondary binding agent)
which is less than or equivalent to the amount of binding agent (or secondary binding agent) identified in a reference
sample, may have been derived from subjects who do not have an ectopic pregnancy. Samples which reveal an amount
of CBP1 binding agent (or secondary binding agent) which is greater than or equivalent to the amount of binding agent
(or secondary binding agent) identified in a reference sample, may have been derived from subjects who do not have
an ectopic pregnancy.

[0048] Other techniques which exploit the use of agents capable of binding the inhibin/activin Bg subunit gene, activin
B, CRISP-3 and/or CPB1 include, for example, techniques such as Western blot or dot blot. A Western blot may involve
subjecting a sample to electrophoresis so as to separate or resolve the components, for example the proteinaceous
and/or nucleic acid components, of the sample. The resolved components may then be transferred to a substrate, such
as nitrocellulose. In order to identify any inhibin/activin Bz subunit gene, activin B, CRISP-3 and/or CPB | present in the
sample, the substrate may be contacted with a binding agent capable of binding the inhibin/activin Bg subunit gene,
activin B, CRISP-3 and/or CPB1 under conditions which permit binding between any inhibin/activin Bg subunit gene,
activin B, CRISP-3 and/or CPB 1 present in the sample and the agents capable of binding the inhibin/activin fg subunit
gene, activin B, CRISP-3 and/or CPB1.

[0049] Advantageously, the agents capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or
CPB 1 may be conjugated to a detectable moiety.

[0050] Alternatively, the substrate may be contacted with a further binding agent having affinity for the binding agent
capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1. Advantageously, the further
binding agent may be conjugated to a detectable moiety.

[0051] In the case of a dot blot, the sample or a portion thereof, may be contacted with a substrate such that any
inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 present in the sample is bound to or immobilised on
the substrate. Identification of any bound or immobilised inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB
1 may be conducted as described above.

[0052] In any of the abovementioned techniques, the amount of primary or secondary binding agent detected is
representative of, or proportional to, the amount of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1
present in the sample.
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[0053] Other techniques which may be used to identify levels of inhibin/activin Bg subunit gene, activin B, CRISP-3
and/or CPB1 include, for example, polymerase chain reaction (PCR) based techniques such as real-time PCR (otherwise
known as quantitative PCR). Such a technique may be used to determine whether or not a particular nucleic acid
sequence is present in a sample and the level of expression of that nucleic acid. In the present case, real time-PCR
may used to determine whether or not the nucleic acid sequences of the inhibin/activin Bg subunit gene or the nucleic
acid sequence encoding activin B, CRISP-3 and/or CPB 1 are present in a sample and the level of expression of those
nucleic acid sequences. Typically, and in order to quantify the level of expression of a particular nucleic acid sequence,
reverse transcriptase PCR may be used to reverse transcribe the relevant mRNA to complementary DNA (cDNA).
Preferably, the reverse transcriptase protocol may use primers designed to specifically amplify an mRNA sequence of
interest. Thereafter, PCR may be used to amplify the cDNA generated by reverse transcription.

[0054] Typically, the cDNA is amplified using primers designed to specifically hybridise with a certain sequence and
the nucleotides used for PCR may be labelled with fluorescent or radiolabelled compounds.

[0055] One of skill in the art will be familiar with the technique of using labelled nucleotides to allow quantification of
the amount of DNA produced during a PCR. Briefly, and by way of example, the amount of labelled amplified nucleic
acid may be determined by monitoring the amount of incorporated labelled nucleotide during the cycling of the PCR.
[0056] Preferably, the results obtained may be compared with those obtained from a reference sample.

[0057] Further information regarding the PCR based techniques described herein may be found in, for example, PCR
Primer: A Laboratory Manual, Second Edition Edited by Carl W. Dieffenbach & Gabriela S. Dveksler: Cold Spring Harbour
Laboratory Press and Molecular Cloning: A Laboratory Manual by Joseph Sambrook & David Russell: Cold Spring
Harbour Laboratory Press.

[0058] Other techniques which may be used to determine the level of inhibin/activin Bg subunit gene, activin B, CRISP-
3 and/or CPB1 present in a sample include, for example Northern and/or Southern Blot techniques. A Northern blot may
be used to determine the amount of a particular mMRNA present in a sample and as such, could be used to determine
the amount of inhibin/activin Bg subunit gene and/or nucleic acid encoding activin B, CRISP-3 and/or CPB 1 present in
a sample. Briefly, mMRNA may be extracted from a sample using techniques known to the skilled artisan, and subjected
to electrophoresis. A nucleic acid probe, designed to hybridise (i.e. complementary to) an mRNA sequence of interest
- in this case mRNA derived from the inhibin/activin Bg subunit gene or that encoding the activin B proteins, may then
be used to detect and quantify the amount of a particular mRNA present in a sample. Advantageously, the results
obtained may be compared with those obtained from a reference sample.

[0059] Similarly, a Southern blot may be used to detect the presence and amount of any given DNA sequence in a
sample and may be used to detect sequences from the inhibin/activin g subunit gene and/or nucleic acid sequences
encoding activin B, CRISP-3 and/or CPB1. Briefly, nucleic acid may be extracted from a sample, subjected to a frag-
mentation protocol, resolved by electrophoresis and probed with a nucleic acid probe for the presence of a particular
sequence. In this case, the nucleic acid probe may hybridise to (i.e. complementary to) the nucleic acid sequences of
the inhibin/activin Bg subunit gene and/or those encoding activin B, CRISP-3 and/or CPB 1. Advantageously, the results
obtained may be compared with those obtained from a reference sample.

[0060] Additionally, or alternatively, a level of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1 present
in a sample may be identified by way of microarray analysis. Such a method would involve the use of a DNA micro-array
which comprises nucleic acid derived from the inhibin/activin Bg subunit gene and/or those encoding activin B, CRISP-
3 and/or CPB1. To identify the level of inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB 1 in a sample,
one of skill in the art may extract the nucleic acid, preferably the mRNA from a sample, and subject it to an amplification
protocol such as, reverse transcriptase PCR to generate cDNA. Preferably, primers specific for a certain mMRNA sequence
- in this case the sequences of the inhibin/activin Bg subunit gene and/or those encoding activin B, CRISP-3 and/or CPB
1 may be used.

[0061] The amplified (inhibin/activin Bg subunit gene and/or those encoding activin B, CRISP-3 and/or CPB1) cDNA
may be subjected to a further amplification step, optionally in the presence of labelled nucleotides (as described above).
Thereafter, the optionally labelled amplified cDNA may be contacted with the microarray under conditions which permit
binding with the DNA of the microarray. In this way, it may be possible to identify a level of inhibin/activin Bg subunit
gene expression and/or the level of expression of genes encoding activin B, CRISP-3 and/or CPB 1 present in the
sample tested. Advantageously, the results obtained may be compared with those obtained from a reference sample.
[0062] Further information regarding the above described techniques may be found in, for example, PCR Primer: A
Laboratory Manual, Second Edition Edited by Carl W. Dieffenbach & Gabriela S. Dveksler: Cold Spring Harbour Labo-
ratory Press and Molecular Cloning: A Laboratory Manual by Joseph Sambrook & David Russell: Cold Spring Harbour
Laboratory Press.

[0063] In one embodiment, the methods provided by the present invention may be combined with existing diagnostic
methods in order to provide a more reliable method of identifying ectopic pregnancies. For example, the present method
may be combined with serial hCG assays, ultra sound techniques and/or laparoscopic investigation.

[0064] One of skill in the art will appreciate that the methods described herein provide a number of assays each of
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which may be used to identify and/or diagnose an ectopic pregnancy. It is to be understood that while any given assay
may comprise the identification of a level of a substance selected from the group consisting of inhibin/activin Bg subunit
gene, activin B, CRISP-3 and CPB1 - the user may wish to conduct an assay involving the identification of levels two
or more of the abovementioned substances. One of skill in the art will appreciate that assays in which the levels of two
or more of the abovementioned substances (i.e. inhibin/activin Bg subunit gene, activin B, CRISP-3 and CPB1) are
identified, may provide methods capable of more rapidly and/or accurately identifying and/or diagnosing an ectopic
pregnancy.

[0065] In addition to the above, it is to be understood that changes in the level of expression of the inhibin o subunit
may also be indicative of an ectopic pregnancy. As such, each of the methods and procedures described herein may
also relate to the level of inhibin o subunit which, in cases of ectopic pregnancy, may be detected at a reduced (relative
to a control, or reference sample as described above) level. Furthermore, it should be understood that methods involving
the identification of levels of inhibin oo may be combined with any or all of the methods described herein which concern
the identification of, for example, inhibin/activin Bg subunit gene, activin B, CRISP-3 and/or CPB1.

[0066] The inventors have also discovered that the levels of the natural antimicrobial peptides secretory leucocyte
protease inhibitor (SLPI) and elafin are increased in subjects with an ectopic or tubal pregnancy. Accordingly, any of the
methods and/or techniques described herein may further be extended to encompass (or be taken as relating to) methods
of identifying ectopic pregnancies comprising identifying levels of SLPI and/or elafin in samples provided by subjects,
wherein the level of SLPI and/or elafin in the sample is indicative of an ectopic pregnancy. One of skill will appreciate
that any of the techniques described herein suitable for the detection of proteins in samples obtained from subjects (for
example immunological and/or PCR based techniques) may be used to identify a level of SLPI and/or elafin. Furthermore,
it should be understood that methods involving the identification of levels of SLPI and/or elafin may be combined with
any or all of the methods described herein which concern the identification of, for example, inhibin/activin Bg subunit
gene, activin B, CRISP-3, CPB1 and/or inhibin c.

[0067] In addition to the above, the inventors have noted that the levels of prolactin are decreased in subjects with an
ectopic or tubal pregnancy. Accordingly, any of the methods and/or techniques described herein may further be extended
to encompass (or be taken as relating to) methods of identifying ectopic pregnancies comprising identifying levels of
prolactinin samples provided by subjects, wherein the level of prolactin in the sample is indicative of an ectopic pregnancy.
One of skill will appreciate that any of the techniques described herein suitable for the detection of proteins in samples
obtained from subjects (for example immunological and/or PCR based techniques) may be used to identify a level of
prolactin. Furthermore, it should be understood that methods involving the identification of levels of prolactin may be
combined with any or all of the methods described herein which concern the identification of, for example, inhibin/activin
Bg subunit gene, activin B, CRISP-3, CPB1, inhibin o, SLPI and/or elafin.

[0068] By way of example, and in one embodiment, the method of identifying an ectopic pregnancy may comprise the
step providing one or more sample(s) from a subject and identifying a level of one or more of inhibin/activin fg subunit
gene, activin B, CRISP-3, CPB1, inhibin o, SLPI, elafin and/or prolactin in said sample(s).

[0069] In addition to the above and given the fact that levels of the substances (genes and/or proteins) mentioned
herein are associated with pregnancy, especially abnormal pregnancy, it may be possible to use any of the methods
described herein to identify and/or diagnose pregnancy and/or abnormal pregnancy.

DEATILED DESCRIPTION
[0070] The present invention will now be described in detail with reference to the following figures which show:
Figure 1.

[0071] Expression of inhibin/activin subunitmRNAin uterine decidua; a) BB subunitis differentially expressed (P<0.001,
ANOVA). It is reduced in women with tubal ectopic pregnancy (Ectopic) when compared to that of women undergoing
surgical management of miscarriage (Misc) (P<0.01, ANOVA) and surgical termination of pregnancy (TOP) (P<0.01,
ANOVA). b) There was no difference in BA expression in these groups (ANOVA). c) The o subunit is differentially
expressed in the group (P<0.05, ANOVA) with lower expression in ectopic pregnancy than in miscarriage (P<0.05,
ANOVA).

Figure 2.

[0072] Immunohistochemistry for inhibin/activin o and BA subunits; a) human corpus luteum immunostained for the
o subunit as a positive control showing localization (brown) in the granulosa-lutein cells (GLC) and no staining in the
surrounding stroma (St). b) Staining for the o subunit in endometrial glands from decidualized tissue (G) with lighter
staining in the stroma (S). c) Human follicle immunostained for the B subunit as a positive control showing marked
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staining (brown) in the granulosa cells (gc) with less staining in the neighboring theca cells (tc). d) Staining for the B
subunit in decidua showing some glandular (G) and stromal (S) localization. ) Decidual BB subunit localization from a
woman with a tubal ectopic pregnancy showing cytoplasmic staining in the glandular epithelium (G) and minimal staining
in the stromal cells (S). (f) Uterine decidua from a woman undergoing surgical management of miscarriage showing a
similar expression pattern in the glands (G) with evidence of more immunostaining in the stromal cells (S). (g) Uterine
decidua from a woman undergoing TOP showing BB immunolocalization in the both the glandular epithelium (G) and
stroma cells (S). Negative control section of (g) showing no specific immunostaining in the glands (G) or stroma (S).
Scale bar =50 wm except (c) where it is 100 pm

Figure 3.

[0073] Inhibin/activin subunit mMRNA expression during decidualization of endometrial stromal cells in vitro. a) The
expression of BB subunit increased (P<0.05) during decidualization (ANOVA, Pearson Correlation). b) The expression
of the o subunit also increased (P<0.05) but to a less marked degree (ANOVA, Pearson correlation). There was no
difference in the expression of the A subunit (ANOVA, Pearson correlation). T1=0 h, T2=24 h, T3 =48 h, T4 = 72 h,
T5=96h, T6 = 120 h.

Figure 4

[0074] Morphological assessment of the degree of endometrial decidualization in vivo. a) Scoring of the secretory
transformation of the glandular epithelium and level of stromal decidualization in endometrium collected from surgical
management of miscarriage (Misc), termination of pregnancy (TOP) and tubal ectopic pregnancy (Ectopic). b) Classifi-
cation of morphological degree of biopsy decidualization (+, +/-, -) showed that the endometrium from ectopic pregnancies
was less decidualized (P<0.05, Chi-Squared). c) Correlation between the level of decidualization (-,+/-,+) and decidual
inhibin/activin BB expression (P=0.0005, Spearman correlation).

Figure 5

[0075] Expression of key markers of decidualization. a) IGFBP1 expression was different between groups (P<0.005,
Kruskal Wallis). It was lower in tubal ectopic pregnancy (Ectopic) decidua when compared to that from miscarriage (Misc)
(P<0.01, Kruskal Wallis) or Termination of pregnancy (TOP)

[0076] (P<0.05, Kruskal Wallis). b) Prolactin expression also different between groups (P<0.01, Kruskal Wallis). It was
lower in ectopic pregnancies when compared to termination of pregnancy (P<0.05, Kruskal Wallis).

Figure 6

[0077] Serum activin B and progesterone concentrations. a) Serum activin B is lowest in tubal ectopic pregnancies
(Ectopic) when compared to miscarriages (Misc) and termination of pregnancy (TOP) (P=0.001, ANOVA) b) Serum
activin B is lower in tubal (EP) than intrauterine pregnancies (IUP) (P<0.005, t-test). c) There is a correlation (P=0.005,
Spearman correlation) between activin B and the degree of decidualization (+, +/-, -). d) Serum Progesterone is lowest
in miscarriages (P<0.05, Kruskal Wallis). e) There was no difference in progesterone concentrations when intrauterine
pregnancies were compared to tubal pregnancies (t-test). f) There was no correlation between the degree of decidual-
ization and serum progesterone concentrations (Spearman correlation).

Figure 7

[0078] Quantitative RT-PCR to demonstrate levels of CRISP-3 (Figure 7a) and CPB1 (Figure 7b) in uterine decidua
from women with intra- (STOP and miscarriage) and extra-uterine (tubal) pregnancies.

Figure 8

[0079] Immunohistochemistry for CRISP3 in uterine decidua from tubal pregnancy. Expression strongest in the glan-
dular epithelium and secretions.

Figure 9

[0080] Graphical representation of relative SLPI (A) and elafin (B) mMRNA expression in uterine decidua from women
undergoing surgical termination of pregnancy (STOP), surgical management of miscarriage, and surgical management
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of ectopic pregnancy.
Figure 10

[0081] SLPI and elafin protein expression demonstrated by immunohistochemistry in uterine decidua from women
undergoing surgical management of ectopic pregnancy, surgical management of miscarriage and surgical termination
of pregnancy (STOP). SLPI protein expression in leukocytes (L) and epithelial glands (G) of uterine decidua from a
woman undergoing surgical management of ectopic pregnancy (A and B) and undergoing surgical management of
miscarriage (C). Elafin protein expression in the decidual leukocyte (L) populations of a woman undergoing surgical
management of ectopic pregnancy (D), surgical management of miscarriage (E) and surgical termination of pregnancy
(F). Membraneous elafin protein expression (M) in the epithelial glands is also seen in D. Negative controls for SLPI
and elafin are shown in G and H, respectively (both uterine decidua from a woman undergoing surgical management
of ectopic pregnancy). Scale bars= 50um.

Example 1
Materials and methods
Tissue collection

[0082] Ethical approval for this study was obtained from Lothian Research Ethics Committee and informed written
consent was obtained from all patients before sample collection. First trimester decidualized endometrium was obtained
from women (age 18-45 years) undergoing surgical termination of pregnancy (TOP, n=8, group 1, mean gestation 58.7
days), surgical management of embryonic missed miscarriage (n=6, group 2, mean gestation 57.7 days) and surgical
management of tubal pregnancy (n=11, group 3, mean gestation 58.1 days). None of the women undergoing surgical
management of tubal ectopic pregnancy presented acutely with hemodynamic shock, and all required serial serum beta-
HCG and ultrasound monitoring prior to diagnosis. The decidualized endometrium and trophoblast were obtained by
suction curettage from groups 1. and 2. The decidualized endometrium was obtained by suction endometrial biopsy
(Pipelle™, Eurosurgical Ltd, Cranleigh, UK) from group 3. The decidualized endometrium was isolated from the trophob-
last macroscopically. The decidualized endometrium was (a) immersed in RNAlater™ (Ambion, Texas, USA) at 4°C
overnight then flash frozen at - 70°C; and (b) fixed in 10% neutral buffered formalin overnight at 4°C, stored in 70%
ethanol, and wax embedded for staining with haematoxylin and eosin and immunohistochemistry. The presence of
trophoblast was ruled out morphologically and by using immunohistochemical staining for cytokeratin as described
previously (14). Endometrial samples were obtained at hysterectomy for benign gynaecological conditions from women
(18-45 years) who had regular menstrual cycles (28-35 days) and were not pregnant (15). Endometrial samples were
collected at room temperature and transported to the laboratory in RPMI (Life Technologies, USA) and processed for
endometrial stromal cell isolation as described below.

RNA extraction

[0083] Total RNA was extracted from the decidualized endometrium as detailed in the manufacturers’ protocol (Qiagen,
West Sussex, UK). The concentration and quality of the extracted RNA was assessed using an Agilent bioanalyser. All
samples were standardized for quality control and assigned an RNA integrity number (RIN). RNA samples were con-
sidered to be of good quality when a mean RIN value of 7.5 was obtained (16).

Microarray analysis

[0084] In brief, 4 p.g of total RNA from each sample was used to generate double stranded cDNA using the One-cycle
cDNA Synthesis Kit (Affymetrix, UK) followed by purification with GeneChip Sample Cleanup Module (Affymetrix, UK).
The double-stranded cDNA was used as template for the in vitro transcription using the GeneChip IVT Labeling Kit
(Affymetrix, UK) yielding biotin-labeled cRNA. Following cleanup and quantification by spectrophotometric analysis, the
purified biotinylated target cRNA was then fragmented into short sequences. The hybridization cocktail consisted of 15
p.g fragmented biotin labelled cRNA spiked with eukaryotic hybridization control. Thereafter 80 p.l of the hybridization
cocktail was hybridized to the test-chips to check the cRNA integrity and assess the system veracity. After that, the
Human HG-U133 Plus 2.0 microarrays (Affymetrix, UK) were directly loaded with 200 w.l of hybridization cocktail solution
and then placed in Genechip Hybridisation Oven 640 (Affymetrix, UK) rotating at 60 rpm at 45 C for 16 h. After hybridization,
the arrays were washed on a Genechip Fluidics Station 450 (Affymetrix, UK) and scanned using a Genechip Scanner
3000 (Affymetrix, UK) according to the manufacturer’s protocol. To ensure quality and consistency of the sample labelling
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process and array hybridizations, control information from all 26 arrays was collated and reviewed before the data
analysis and all were found to be consistent with Affymetrix recommendations. Expression was calculated using the
robust multiarray average algorithm (17) implemented in the Bioconductor (http://www.bioconductor.org) extensions to
the R statistical programming environment (18). Robust multiarray average (RMA) generates a background-corrected
and quantile-normalized measure of expression (19) on the log 2 scale of measurement. To further investigate the
performance of the array hybridizations, scatter plots comparing each array with every other were produced in Biocon-
ductor extensions to the R statistical programming environment. These plots confirmed a linear distribution between
arrays and showed a dynamic uninterrupted range of expression values from low to high signal values. Box and whisker
visualizations also confirmed that the data had comparable distributions and were of sufficient quality for further analysis.
Data and protocols are available to download from the publicly accessible MIAME compliant database 'GPX’
(www.gti.ed.ac.uk/GPX, accession number GPX-000067.1). Following data normalization by RMA the data was filtered
to remove invariant transcripts that would contribute to multiple testing errors in the subsequent statistical analysis, using
an arbitrary signal intensity threshold value of 64. Following the explorative analysis, a rigorous statistical approach was
exploited to identify a subset of differentially expressed genes. In brief, genes differentially expressed between the
intrauterine and ectopic pregnancy samples were identified using a t-test comparison followed by multiple test correction
using the Benjamini-Hochberg false discovery detection method (20). Gene lists were then created using a fold change
threshold of >2 and a corrected P-value of <0.05.

Quantitative RT-PCR

[0085] After DNAse treatment, using RQ1 DNase (Promega, Southampton, UK) the RNA was reverse transcribed
into cDNA using random hexamers (Applied Biosystems, Foster City, CA). Tagman Q-RT-PCR was then used to measure
gene levels using Applied Biosystems prevalidated 'assay-on-demand’ specific primers and probes (Eurogentec, South-
ampton, UK) for prolactin and insulinlike growth factor binding protein-1 (IGFBP1) as well as the inhibin BA subunit
(M13436), the inhibin BB subunit (M13437) and the inhibin o subunit (M13144) (21), and levels were related to a ribosomal
18S internal control (Applied Biosystems). All samples were performed in duplicate and a relative comparison was made
to an appropriate control tissue cDNA. Using the 2- AACt method, mRNA expression results were normalized against
18S and expressed as foldchange compared to controls (TOP sample group).

Immunohistochemistry

[0086] Briefly, immunolocalization of inhibin/activin BB subunit and o-inhibin were carried out using antibodies devel-
oped and kindly provided by Prof. N. Groome, Oxford Brookes

[0087] University, Oxford, UK and Prof. Alan McNeilly, MRC Human Reproductive Sciences Unit, Edinburgh, UK,
respectively. In order to perform the experiment in a controlled and easily repeatable manner, the Bond-X automated
immunostaining machine (Vision Biosystems, Newcastle, UK) was utilized. Five micron paraffin sections of uterine
decidua were cut, dewaxed, rehydrated and subjected to pressure cooked antigen retrieval in 0.01 mol 1-1 citrate buffer
(pH 6.0) before being place on the Bond-X machine. This method on the Bond-X automated machine utilises a specific
polymer high contrast program. Slides were peroxidase blocked for 5 min, incubated for 2 h with the primary antibodies
(46A/F BB mouse monoclonal antibody for inhibin B subunit (22)) and ASMR150 for o-inhibin, rabbit polyclonal antibody
(23)), diluted 1:500 in the diluent supplied and then incubated with the post-primary reagent for 15 min. To confirm
antibody specificity, control sections were incubated with diluent alone or with non-specific immunoglobulins, diluted to
the same concentration as primary antibody in supplied diluent. Sections were then incubated with the polymer reagent
for 15 min to increase sensitivity of detection prior to DAB detection for 10 min. Sections were counterstained in hae-
matoxylin for 5 min. Slides were then removed from the machine and dehydrated and mounted using Pertex.

Endometrial stromal cell isolation and culture

[0088] Endometrial tissue was subjected to collagenase/DNAase (Sigma-Aldrich, USA) digestion for 2 h at 37 C. After
digestion, the stroma was dispersed, whereas the epithelial structures remained mostly intact. Human endometrial
stromal cells were separated on a size basis, as previously described (24). Endometrial stromal cells were plated in 6
well standard culture plates at a density of 2.4 x 105/well in RPMI with 2% fetal calf serum, gentamycin, penicillin and
streptomycin as described previously (Irwin et al, 1991). The cells were treated with medroxyprogesterone acetate
(10-6M), oestradiol (10-7M) and 8-bromo cAMP (0.1 mg/ml) for 24, 48, 72, 96 and 120 hours. The cells were harvested
at each time point for RNA extraction.
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Serum Assays

[0089] Serum progesterone concentrations were measured using a standard radioimmunoassay (15). Activin B con-
centrations were measured using the activin B ELISA that incorporates the use of monoclonal antibody 46A/F (as both
capture and detection antibody) (22) with an SDS and heat pre-treatment of samples (Ludlow et al., manuscript in
preparation). Serum was tested without dilution and theassay had a lower detection limit of 19pg/ml.

Analysis of Sections

[0090] The samples of decidualized endometrium were classified blindly by a subspecialist gynaecological pathologist
according to the degree of endometrial change. Secretory transformation of the glandular epithelium (absent/early, high
and exhausted) and stromal differentiation (non-decidualized, predecidual, confluent decidual change) were scored
using the classification of Zimmerman et al. (25). Samples with exhausted glandular transformation with confluent stromal
decidualization were classed overall as decidualized (+), those with absent/early secretory transformation and non-
decidual stroma were classified as decidualized (-) and other samples were classified as decidualized (+/-).

Statistical Analysis (for all data outwith microarray analysis)

[0091] Where the data were normally distributed, three groups were analyzed by ANOVA with Bonferroni pairwise
comparisons. Two groups were analyzed using a t-test. Where the data were not normally distributed Kruskal Wallis
testing with Dunn’s pairwise comparisons was used to compare three groups. Chi-Squared test was used to compare
proportions and Spearman (non-parametric) or Pearson (parametric) coefficients were used to assess linear correlations.
The statistical test used is given in the text and figure legend and significance was at the P<0.05 level.

Results
Microarray analysis of decidualized endometrium

[0092] A comparison of gene expression in the decidualized endometrium from women with intrauterine (n=14) and
tubal pregnancies (n=11) revealed that 669 genes were differentially expressed (FC>*2, P<0.05). One notable gene
highlighted by this analysis was the inhibin/activin BB subunit. This was downregulated in the decidualized endometrium
from women with tubal ectopic pregnancies with a fold reduction of 2.34. Quantitive RTPCR confirmed reduced expression
in the decidualized endometrium from tubal pregnancies when compared to miscarriage (P<0.01) and termination of
pregnancy (P<0.01) groups (Fig. 1 a).

Inhibin/ activin subunits in decidualized endometrium

[0093] In order to be secreted from the cell the BB subunit has to form a dimer. As it can combine with itself to form
activin B, the inhibin o subunit to form inhibin B and the activin BA subunit to form activin AB, the expression of the o
and BA subunits was therefore also investigated. Expression of the BA subunit did not follow the same pattern (Fig. 1b)
and there were no significant differences between groups. Although the changes in expression of inhibin o subunit
between groups was less marked (Fig. 1c), it was lower in ectopic pregnancy decidualized endometrium than in that of
miscarriage (P<0.05).

Localization of inhibin o and BB subunits in decidualized endometrium

[0094] In order to further investigate the inhibin oo and BB subunits in the decidualized endometrium they were localized
using immunohistochemistry. Specific immunostaining for both these proteins could be detected in the glandular and
stromal areas of the decidualized endometrium (Fig. 2a-d). However there was variable staining in the decidual stroma
between patients that was particularly marked for the BB subunit (Fig. 2ch). When the endometrium was less decidualized
and had a more proliferative phenotype (Fig. 2e), the staining was noted to be glandular. When the endometrium had
a more secretory phenotype (Fig. 2f) the staining was mainly glandular with light stromal involvement. However in fully
decidualized samples (Fig. 2g) there was marked stromal immunostaining.

Expression of inhibin o. and B subunits during decidualization

[0095] As there was an indication that the localization of the BB subunit in the stromal compartment of early pregnancy
endometrium changed with the level of decidualization, human endometrial fibroblasts were examined in vitro. Exposure
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to decidualizing stimuli in vitro increased the expression of the inhibin/activin B subunit (P<0.05) in a time dependent
manner (Fig. 3a). There were no changes with regards to the expression of the inhibin A subunit (Fig. 3c) although
there was a significant but much less marked increase in the o subunit (P<0.05) (Fig. 3b) during stromal fibroblast
decidualization in vitro.

Decidual morphology in ectopic pregnancies, miscarriages and viable pregnancies

[0096] As 3B expressionseems to be related to stromal decidualization, and was lower in the decidualized endometrium
of ectopic pregnancies, the morphology of the glandular and stromal compartments in each tissue sample was assessed
in haematoxylin and eosin stained sections by an expert in endometrial pathology blinded to tissue identity. The glandular
compartment (P<0.05) showed a lesser degree of secretory transformation and the stromal compartment (P<0.05)
showed less decidualization when compared to intrauterine pregnancies (Fig. 4a). Furthermore, the overall level of
endometrial decidualization was less in ectopics than TOP or miscarriage (P<0.05) (Fig. 4b). When the samples were
stratified based on the overall degree of morphological decidualization (Fig. 4c) there was also a clear correlation with
inhibin BB subunit expression (P=0.0005).

Expression of other markers of decidualization in early pregnancy decidualized endometrium

[0097] As these investigations had suggested that the endometrium from ectopic pregnancy showed less advanced
decidualization, the expression of genes known to be involved in decidualization were also studied in the tissue samples.
IGFBP1 (Fig. 5a) expression was reduced in the decidua of ectopic pregnancies when compared to that of miscarriages
(P<0.01) and terminations of pregnancy (P<0.05). Prolactin (Fig. 5b) expression was also reduced in ectopic pregnancy
decidua when compared to that of termination of pregnancy (P<0.05).

Serum Activin B concentrations

[0098] In order to determine whether changes in the decidual expression of the inhibin/activin BB subunit could be
detected systemically, serum activin B concentrations were assayed. Activin B concentrations were different between
the groups analyzed (Fig. 6a) (P=0.001), like progesterone (P<0.05) (Fig. 6d). However activin B was lower in the serum
of women with ectopic pregnancies (P<0.01) than in viable intrauterine pregnancies (Fig. 6d) unlike serum progesterone
concentrations (Fig. 6e). In addition there was a clear correlation between serum activin B (P=0.005) and the degree of
decidualization (Fig. 6¢) that was not seen when progesterone was analyzed (Fig. 6f).

Discussion

[0099] This study demonstrates that there are differences in the function of the decidualized endometrium in tubal
ectopic and intra-uterine pregnancies of similar gestations. We have shown that inhibin/activin BB subunit expression
is related to the degree of decidualization of the endometrium and is reduced in tubal ectopic pregnancies. In addition,
this difference could be assessed systemically. Serum activin B was reduced in tubal ectopic pregnancy, and serum
concentrations correlated with the degree of morphological decidualization and the difference was more marked than
that seen with serum progesterone concentrations. It is clear that locally produced growth factors have major roles in
endometrial development (26). Indeed the transforming growth factor-f3 superfamily members are abundantly expressed
inthe endometrium. Inhibin/activin o, BA and BB subunits have previously been shown to be expressed in the endometrium
across the menstrual cycle and in the decidua of early pregnancy (27). It was felt that their function was to facilitate
remodelling and tissue repair following menstruation (27). However as their expression is increased in early pregnancy
it is likely they have a role in the endometrial response to pregnancy (28). There is no doubt that activin itself can affect
endometrial function. Activin receptors are present on endometrial stromal cells (29) and their expression increases
during decidualization (30). Indeed treatment of endometrial stromal cells with activin A promoted decidualization, and
the expression of decidual markers such as prolactin (31), and treatment with follistatin significantly retarded the decidual
response (31,32). It has also been shown that activin A and inhibin A differentially regulate the expression of stromal
matrix metalloproteinases and this suggests a role for activin signalling in the remodelling associated with implantation
and feto-maternal interaction (30,33). As well as having a role promoting decidualization, activin subunit expression itself
increases during decidualization (27,34). The regulation of this is not clear but in vivo there seems to be a dialogue with
the implanting trophoblast. During blastocyst attachment, the localization of inhibin/activin BA expression within the
decidua changes suggesting paracrine regulation (35). It is therefore not surprising that activins may function as markers
of endometrial function and may be differentially regulated in intrauterine pregnancy. Although most previous reports
relate to the BA subunit expression and suggest a key role of activin A in decidualization, it was the B subunit that was
differentially expressed in this study. Although B expression in decidualized endometrium has been reported previously
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(27), the role, regulation and effects of activin B have not yet been assessed. Certainly both endometrial BB subunit
expression and serum activin B are highly correlated with the degree of endometrial decidualization in this study. It is
not known whether it is influenced directly by neighbouring trophoblast cells. In a tubal ectopic pregnancy, progesterone
secretion is maintained but there is no direct physical interaction between the trophoblast and decidualized endometrium.
We hypothesized that, in contrast, in intra-uterine pregnancy, the trophoblastinteraction would influence decidual function
and, hence, decidual markers would be useful for the diagnosis of tubal ectopic pregnancy. Previously assessed markers
have focussed on the ectopic implantation (serum creatine kinase (15)), corpus luteum function as a marker of hCG
dynamics (serum progesterone (36)) or a marker of both (serum VEGF (37)). These tests have not yet proven to be of
particular clinical use in the diagnosis of ectopic pregnancy. The concept of activins and inhibins as markers of ectopic
pregnancy is not new. In an early study inhibin A and the free circulating pro-aC inhibin were investigated and found not
to discriminate tubal ectopic pregnancy (11). WO 2006/026243 A (SEGAL SHIMON [US], 2006-03-09) D1 discloses a
method for identifying an ectopic pregnancy comprising identifying a level of inhibin A in a sample. SEIFER D B ET AL
("Serum inhibin levels are lower in ectopic than intrauterine spontaneously conceived pregnancies.",FERTILITY AND
STERILITY, vol. 65, no. 3, March 1996, pages 667-669) discloses the detection of total inhibin and inhibin A and its link
to ectopic pregnancy. A recent study has suggested that activin A itself might function as a marker of ectopic pregnancy
(38). Serum activin A was lower in ectopic pregnancies (38). As both the ectopic pregnancy and the corpus luteum
expresses BA subunits rather than BB subunits (39,40) the source of this activin A is not clear. It seems likely that the
source of activin B is the decidua and whether this can function as an adjuvant marker for decidualization and tubal
ectopic pregnancy should be assessed in prospective studies. The demonstration of inhibin/activin BB underexpression
in the decidualized endometrium of women with tubal ectopic pregnancies, associated with lower serum activin B con-
centrations, is clinically important. The role and regulation of activin B in decidualization should be addressed to further
dissect the roles of trophoblast and progesterone in this process. In addition the role of decidual assessment or activin
B measurement in the diagnosis of ectopic pregnancy should be investigated further. We believe that further potential
biomarkers of tubal pregnancy could be discovered by focusing on secreted proteins associated with uterine decidual-
ization.
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luteal phase in the primate ovary. Journal of molecular endocrinology 10:245-257
Example 2
MATERIALS AND METHODS

[0101] Ethical approval for this study was obtained from Lothian Research Ethics Committee (04/S1103/20). Written
and informed consent was obtained from all patients before sample collection. Uterine decidua was obtained from
obtained from women (age 18-45 years) undergoing surgical termination of pregnancy (STOP, n=8, group 1), surgical
management of miscarriage (n=6, group 2) and surgical management of tubal pregnancy (n=11, group 3). The decidua
and trophoblast were obtained by suction curettage from groups 1 and 2. The decidua was obtained by Pipelle™
endometrial biopsy from group 3. The decidua was isolated from the trophoblast macroscopically. Decidual biopsies
were immersed in RNAlater™ (Ambion, Texas, USA) at 4°C overnight then flash frozen at -70°C.

Total RNA was extracted from the decidual biopsies as detailed in the manufacturers’ protocol (Qiagen, West Sussex, UK).

RNA QC

[0102] Total RNA was quality confirmed on RNA 6000 Nanochips in the Agilent 2100 Bioanalyzer. Only very high
quality RNA (RIN>7.5) preparations were considered for micro-array screening. RNA concentrations were confirmed by
spectrophotometric analysis on a Nanodrop spectrophotometer (Nanodrop Technologies, USA).

MICROARRAY ANALYSIS

[0103] In brief, 4p.g of total RNA from each sample was used to generate double stranded cDNA using the One-cycle
cDNA Synthesis Kit (Affymetrix, UK) followed by purification with GeneChip Sample Cleanup Module (Affymetrix, UK).
The double-stranded cDNA was used as template for the in vitro transcription using the GeneChip IVT Labeling Kit
(Affymetrix, UK) yielding biotin-labeled cRNA. Following cleanup and quantification by spectrophotometric analysis, the
purified biotinylated target cRNA was then fragmented into short sequences. The hybridisation cocktail consisted of 15
p.g fragmented biotin-labeled cRNA spiked with eukaryotic hybridisation control. 80 pl of the hybridisation cocktail was
first hybridised to the test-chips to check the cRNA integrity and assess the system veracity. After that, the Human HG-
U 133 Plus 2.0 microarrays (Affymetrix, UK) were directly loaded with 200 wl of hybridisation cocktail solution and then
placed in Genechip Hybridisation Oven 640 (Affymetrix, UK) rotating at 60 rpm at 45 °C for 16 h. After hybridisation, the
arrays were washed on a Genechip Fluidics Station 450 (Affymetrix, UK) and scanned using a Genechip Scanner 3000
(Affymetrix, UK) according to the manufacture’s protocol.

[0104] To ensure quality and consistency of the sample labelling process and array hybridizations, control information
from all 25 arrays was collated and reviewed before the data analysis and all were found to be consistent with Affymetrix
recommendations.

[0105] Expression was calculated using the robust multiarray average algorithm (8) implemented in the Bioconductor
(http://www.bioconductor.org) extensions to the R statistical programming environment (9). Robust multiarray average
(RMA) generates a background-corrected and quantile-normalized measure of expression (10) on the log 2 scale of
measurement. To further investigate the performance of the array hybridizations, scatter plots comparing each array
with every other were produced in Bioconductor extensions to the R statistical programming environment. These plots
confirmed a linear distribution between arrays and showed a dynamic uninterrupted range of expression values from
low to high signal values. Box and whisker visualizations also confirmed that the data had comparable distributions and
were of sufficient quality for further analysis (see supplemental data available online).

[0106] Data and protocols are available to download from the publicly accessible MIAME compliant database 'GPX’
(www.gti.ed.ac.uk/GPX, accession number GPX-000067.1).

[0107] Followingdata normalisation by RMA the data was filtered to remove invariant transcripts which would contribute
to multiple testing errors in the subsequent statistical analysis, using an arbitrary signal intensity threshold value of 64
i.e. transcripts were removed from further analysis if they showed absolute intensity values of less than 64 in 50% of
the sample arrays (12 arrays).

[0108] Following the explorative analysis, a rigorous statistical approach was exploited to identify genes which were
significantly different in terms of expression levels between the intra-uterine and extra-uterine samples. Inference testing
in the form of an empirical Bayes test was applied to the data. This was followed by multiple test correction using the
Benjamini-Hochberg false discovery detection method (11). Gene lists were then created using a fold change threshold
of >1.5 and a corrected p-value of <0.05.

[0109] To confirmthe results of this statistical analysis and the validity of the gene list, quantitative real-time polymerase
chain reaction (Q-RT-PCR) of two of the genes with the greatest fold change was undertaken. RNA was reverse tran-
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scribed using Applied Biosystems RT kit (Applied Biosystems, Cheshire, UK) following manufacturer’s instructions.
Tagman Q-RT-PCR was then used to measure gene levels using Applied Biosystems prevalidated ’assay-on-demand’
20X Tagman primers and probe and a standard Tagman reaction mix (including ribosomal 18S primers and probe as
an internal standard for RNA loading). Samples were analyzed on an ABI Prism 7900 using standard conditions. Using
the 2-2ACt method, mMRNA expression results were normalised against 18S and expressed as fold-change compared to
controls (STOP sample group, n=8). A one-way analysis of variance (ANOVA) and a least significant difference post
hoc multiple comparisons were then used to determine if differences in expression were significant (SPSS, Inc, Chicago,
IL).

[0110] Standard immunohistochemistry protocols were also used to examine protein expression for one of the genes
in paraffin-embedded deciduas from each patient group.

RESULTS

[0111] Following explorative analysis, a general linear model enhanced by an empirical Bayes methodology was used
to test for statistically significant differential expression between intra-uterine (groups 2+3 combined, n=14) and extra-
uterine (group 1, n=11) samples. Average fold-changes (FC) were computed and p-values were adjusted for multiple
testing using the Benjamini-Hochberg false discovery detection method. 1061 genes were found to be differentially
expressed (FC>1.5, adjusted p-value <0.05) in the extra-uterine pregnancy group. Specifically, two genes were identified
as potential biomarkers: cysteine-rich secretory protein 3 (CRISP3) was increased 9.13 fold (p=0.005) and carboxypepti-
dase B1 (CPB1) was decreased 26.52 fold (p=0.005) in the extra-uterine compared to the intra-uterine groups. This was
confirmed by RT-PCR (see Figure 1). CRISP3 protein expression was also demonstrated by immunohistchemistry in
the glands and macrophages of decidua from each patient group (see Figure 2). There were no differences in CRISP3
distribution at the immunohistochemical level.

DISCUSSION

[0112] As well as furthering our understanding of extra-uterine implantation, the detection of gene products, such as
CRISP3 and CPB1, that are over, or under-expressed, in subjects with ectopic pregnancies is clinically very important.
It provides the clinical pathologist with a means of diagnosing ectopic pregnancy in any subject with a failing early
pregnancy in whom the diagnosis is uncertain, by simply examining a sample of, for example, the uterine decidua.
Samples such as, for example, blood, serum, plasma and/or uterine decidua can be easily obtained and, for example,
a sample of uterine decidua, may be obtained by taking a biopsy from the uterus without subjecting the patient to a
general anaesthetic. In addition, this would provide potential for patients to avoid hospital admission and invasive inves-
tigation. The identification of such genes also provides the potential for the development of a reliable blood test for
ectopic pregnancy. This would reduce the number of costly and time-consuming investigations currently required for the
diagnosis of ectopic pregnancy.
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Example 3

[0114] During inflammation a number of mediators and effectors of immunity are recruited to aid resolution and an
over exuberant, or prolonged, response can result in tissue damage. Amongst the mediators responsible for such tissue
damage are proteases, which function as part of the innate immune response. (Dallegri and Ottonello 1997). The host
response also includes the production of a number of important anti-proteases, such as the anti-microbials, secretory
leucocyte protease inhibitor (SLPI) and elafin, in order to counteract the actions of proteases and therefore prevent
resultant damage to host tissues (Sallenave et al, 1994; Sallenave 2000; Schalkwijk et al, 1999). SLPI inhibits a number
of proteases, including neutrophil elastase, trypsin and cathepsin G, whilst elafin appears to be restricted to regulating
neutrophil elastase and proteinase 3 (Thompson and Ohlsson, 1986, Wiedow et al, 1991, Sallenave and Ryle 1991).
[0115] SLPI and elafin and are expressed throughout the female genital tract (King et al, 2000, King et al, 2003b).
The human endometrial epithelium expresses SLPI during the secretory phase of the cycle and the neutrophils in the
endometrium are a particularly rich source of elafin during menstruation (King et al, 2003a). SLPI and elafin expression
have also been demonstrated in the cervix and decidualised endometrium (Helmig et al, 1995, Pfundt et al, 1996, King
et al, 2000, King et al, 2003a). The expression of SLPI and elafin during the menstrual cycle may indicate a role in tissue
remodelling and 'wound’ healing (van Bergen et al, 1996; Wingens et al, 1998; Ashcroft et al, 2000; Zhu et al, 2002;
Angelov et al, 2004). In common with the rest of the female reproductive tract, the fallopian tube morphology undergoes
cyclical changes under the influence of oestrogen and progesterone (Sulz et al, 1998), and SLPI and elafin expression
have been shown to have a similar temporal expression pattern in the fallopian tube to the endometrium (Dalgetty et al,
2006).

[0116] However, the changes in SLPI and elafin expression that occur in the context of tubal implantation have not
been demonstrated. Direct comparison of tubal with intra-uterine sites is difficult due to the anatomical differences of
the two implantation sites. However, similar to the endometrial response to an intra-uterine pregnancy, with a tubal
gestation there is a decidual reaction in the uterine cavity but not usually in the fallopian tube (Stock, 1991). Decidualisation
of the endometrial epithelium and stroma is a key immunological element for successful implantation (Christian et al,
2002). The uterine decidua contains innate immune leukocytes, such as CD56+ natural killer (UNK) cells, macrophages
and mast cells (Bulmer et al, 1988; King and Loke, 1991; Hunt 1994; Clark 1995; Marx et al, 1999). We therefore
compared SLPI and elafin expression in the uterine decidua of women with ongoing intra-uterine (women undergoing
surgical termination of pregnancy), failed intra-uterine (women with miscarriage) and tubal gestations. Quantitative RT-
PCR and immunohistochemistry were used to demonstrate mRNA and protein expression, respectively.

Material and Methods
Tissue collection

[0117] Ethical approval for this study was obtained from Lothian Research Ethics Committee (04/S 1103/20). Written
and informed consent was obtained from all patients before sample collection. Uterine decidua and serum samples were
obtained from obtained from women (age 18-45 years) undergoing surgical termination of pregnancy (STOP, n=7, group
1), surgical management of embryonic missed miscarriage (n=6, group 2) and surgical management of tubal pregnancy
(n=10, group 3). None of the women undergoing surgical management of tubal ectopic pregnancy presented acutely
with haemodynamic shock, and all required serial serum beta-HCG and ultrasound monitoring prior to diagnosis. The
decidua and trophoblast were obtained by suction curettage from groups 1 and 2. The decidua was obtained by Pipelle™
endometrial biopsy from group 3. The decidua was isolated from the trophoblast macroscopically. Decidual biopsies
were (a) immersed in RNAlater™ (Ambion, Texas, USA) at 4°C overnight then flash frozen at -70°C; and (b) fixed in
10% neutral buffered formalin overnight at 4°C, stored in 70% ethanol, and wax embedded for immunohistochemistry.
Serum samples were stored for analysis of progesterone levels.

Chlamydia trachomatis detection by PCR

[0118] DNA was extracted from the decidual biopsies as detailed in the manufacturers’ protocol (Qiagen, West Sussex,
UK). The PCR protocol used in-house plasmid-based methodology.

Quantitative real-time PCR
[0119] Total RNA was extracted from the decidual biopsies as detailed in the manufacturers’ protocol (Qiagen, West
Sussex, UK). The concentration and quality of the extracted RNA was assessed using an agilent bioanalyser. All samples

were standardised for quality control and assigned an RNA integrity number (RIN). RNA samples were considered to
be of good quality when a mean RIN value of 7.5 was obtained (Schroeder et al. 2006). SLPI and elafin levels were
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determined by quantitative real-time PCR. This technique relates the amount of SLPI and elafin mRNA present to levels
of ribosomal 18S, controlling for the amount of RNA present. Details of the RT and PCR methods have been fully detailed
elsewhere (King et al, 2000). The elafin and SLPI primers and probe used were previously designed in our laboratory
using PRIMER express software (PE Biosystems, Foster City, USA) (King et al, 2000 and 2003). Elafin primers and
probe were as follows: forward primer 5-TGGCTCCTGCCCCATTATC-3’, reverse primer 5-CAGTATCTTTCAAG-
CAGCGGTTAG-3’, probe 5-ATCCGGTGCGCCATGTTGAATCC-3'. SLPI primers and probe were as follows: forward
primer 5-GCATCAAATGCCTGGATCCT-3’, reverse primer 5-GCATCAAACATTGGCCATAAGTC-3, probe 5'-
TGACACCCCAAACCCAACAAGGAGG-3'. Within-assay variation of PCR measurements were calculated from six rep-
licates. The variability of the reverse transcription step was determined by reverse transcribing one RNA sample on eight
separate occasions. The eight cDNA samples were then included within one PCR run, and variability (relative to SD)
was calculated. The possibility of genomic DNA contamination was excluded by DNAase treatment and by measurement
of beta-actin levels in RNA samples (which were not reverse transcribed). The relative mean of the samples from each
clinical group was logged and analysed by ANOVA followed by Tukey posthoc analysis.

Elafin immunohistochemistry

[0120] Tissue sections were dewaxed in xylene and then rehydrated in descending grades of alcohol. Non-specific
endogenous peroxidase activity was blocked with 2% hydrogen peroxide (Sigma Aldrich, Poole, UK) in distilled water
for 10 minutes at room temperature. Diluted normal goat serum (20% vol/vol in phosphate-buffered saline) (Diagnostics
Scotland, Edinburgh, UK) was applied to all tissue sections for 20 min at room temperature. Avidin-biotin and protein
blocks were further applied to the tissue sections for 20 min each at room temperature with alternate 5 minutes phosphate-
buffered saline washes. Sections were then incubated overnight at 4 °C with rabbit anti-elafin polyclonal antibody (Sal-
lenave et al, 1994) which was diluted at 1:700 in antibody diluent (Dako, Ely, UK). In negative control sections, the
primary antibody was substituted with an approximately equivalent Ig concentration of rabbit IgG (RIgG; Vector Labo-
ratories, Peterborough, UK). Sections were incubated with biotinylated goat anti-rabbit (Vector) and were then subjected
to an avidin-biotin peroxidase detection system (Vector; both were incubated for 30 minutes at room temperature). The
peroxidase substrate, diaminobenzidine, was used to identify positive immunostaining. Sections were counterstained
with Harris’s haematoxylin (Pioneer Research Chemicals, Colchester, UK), dehydrated in ascending grades of alcohol,
and mounted from xylene in Pertex (Cell-path, Hemel Hempstead, UK).

SLPI immunohistochemistry

[0121] The method used was identical to the elafin immunohistochemistry protocol, with the following exceptions. The
non-immune block was performed with diluted horse serum (Vector) for 20 minutes at room temperature. The primary
antibody was mouse anti-SLPI (Hycult Biotechnology, Uden, The Netherlands) diluted at 1:20 in antibody diluent (Dako).
Negative controls were incubated with an equimolar concentration of mouse IgG (MIgG), and the secondary antibody
was biotinylated horse anti-mouse Ig (Vector).

Results

Serum progesterone levels

[0122] Serum progesterone levels were analysed for each patient. There was no statistically significant difference
demonstrated between each group using Kruskall-Wallis followed by Dunn’s posthoc analysis (see Table 1).

Table 1
STOP** (group 1, n=7)  Miscarriage** (group 2,n=6)  Tubal (group 3, n=10)
Gestation (days) 58.75+/-2.49 57.66+/-7.81 58.09+/-8.28
Serum progesterone (ng/L)  66.01+/-10.31 33.92+/-14.99 58.53+/-47.22
SLPI * 4.8 +/-1.45 5.09 +/- 2.22 12.37 +/- 2.66
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(continued)

STOP** (group 1, n=7)  Miscarriage** (group 2,n=6)  Tubal (group 3, n=10)
Elafin* 4.6 +/-1.38 9.00 +/- 2.53 73.57 +/-35.29

*mRNA expression relative to control (mean +/- SEM)
**one sample discarded for elafin analysis
STOP= surgical termination of pregnancy

Separation of decidua from trophoblast

[0123] Haematoxylin and eosin staining and immunohistochemistry for cytokeratin demonstrated clear isolation of
decidua from trophoblast by macroscopic separation in saline. The state of inflammation of the samples was also
determined - each sample was examined for presence of necrosis, and lymphocyte and polymorph infiltration. These
features were present to varying degrees but there was no obvious statistical difference (data not shown). All stained
tissue sections were examined by an expert histopathologist.

Chlamydia serology
[0124] All decidual biopsies were screened for Chlamydia trachomatis infection and shown to be negative.
SLPI and elafin mRNA expression in uterine decidua from intra- and extra-uterine pregnancies

[0125] Elafin and SLPI mRNA were detected in the uterine decidua of each clinical group. Relative SLPI mRNA
expression was greater in the uterine decidua of women with tubal pregnancy (12.37 +/- 2.66) compared to the decidua
from women undergoing STOP (4.8 +/- 1.45) and surgical management of miscarriage (5.09 +/- 2.22) (Table 1, Figure
9A). ANOVA analysis of logged data demonstrated a statistically significant difference (overall p<0.0185, Tukey posthoc
analysis p<0.05) between the tubal pregnancy and miscarriage groups. Elafin mRNA expression also was higher in the
decidua from women with tubal pregnancy (73.57 +/-35.29) compared to those with miscarriage (9.00 +/- 2.53) or
undergoing a surgical termination of pregnancy (4.6 +/-1.38) (Table 1, Figure 9B). However, this observation was not
significant using ANOVA, or non-parametric, statistical analysis of the normal, or logged, data. This was attributed to
the high variability of expression in the tubal pregnancy group. Two samples were excluded from analysis (one from a
patient undergoing a STOP and one from a patient with a first trimester miscarriage) because their relative mRNA values
for elafin were greater than two standard deviations of the mean of the other samples.

Immunohistochemical localisation of elafin and SLPI protein in uterine decidua from intra- and extra-uterine pregnancies

[0126] Elafin and SLPI protein expression and distribution were demonstrated in the uterine decidua by immunohis-
tochemistry (Figure 10A-F). There was no obvious difference in elafin and SLPI protein expression pattern in any of the
clinical groups. SLPI protein expression was demonstrated in the epithelium (see Figure 10A and B) and decidual
leukocytes (see Figure 10C). SLPI protein expression was particularly strong in the cytoplasm of the epithelial glands
(see Figure 10B). Elafin protein expression was restricted to the decidual leukocyte populations (Figure 10E and F).
However, in some cases, there was evidence of membraneous elafin protein expression in the epithelial glands (Figure
10D). The negative controls for elafin and SLPI immunoexpression showed no evidence of positive staining (Figure 10G
and H, respectively). All stained tissue sections underwent qualitative analysis by an expert pathologist. No quantitative
analysis was performed due to the poor reproducibility and inter-observer agreement of immunohistochemistry scoring
(Taylor 1994).

Discussion

[0127] To our knowledge, we report novel differences in gene expression of natural antimicrobial peptides (SLPI and
elafin) in the uterine decidua collected from women with tubal pregnancy compared to those with anintra-uterine gestation.
This study also demonstrates that SLPI mMRNA expression is significantly higher (p<0.05) in the uterine decidua of women
with a tubal compared to a failed intra-uterine gestation (miscarriage). Previous studies have only compared the cellular
composition of the uterine decidua, with particular attention to the leukocyte populations, and found no obvious distinction
between extra- and intra-uterine pregnancies (Bulmer et al, 1987; Stewart-Akers et al, 1997).

[0128] The mostobvious difference inthe decidua between the tubal pregnancy and intra-uterine groups is the absence
of trophoblast. There is no published data to our knowledge to suggest that SLPI or elafin expression are regulated by
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trophoblast signals. Nevertheless, recent in-vitro studies, using a functional genomics approach, have shown that con-
ditioned media from trophoblasts alters the local immune environment of the decidua to facilitate embryo implantation
by causing a significant induction of proinflammatory cytokines and cells (Hess et al, 2007). This provides an interesting
potential mechanism for the changes observed in our study.

[0129] Alternatively, if the uterine environment truly reflects that of the fallopian tube, the abnormal expression of SLPI
in the uterine decidua may simply be a consequence of extra-uterine implantation. In the fallopian tube, it is essential
that the normal oviductal epithelium has the capacity to recognise and respond to ascending pathogens while simulta-
neously avoiding a state of unnecessary inflammation that might disrupt the epithelial barrier. Foreign pathogens are
recognised by pattern recognition receptors present on the oviduct cells, such as the membraneous Toll-Like Receptors
(TLRs) (Darville et al, 2003; Pioli et al, 2004). Binding initiates a signalling cascade, leading to NF-kappaB activation
and the subsequent production of pro-inflammatory and immunoregulatory cytokines, chemokines and co-stimulatory
molecules (e.g. IL-1, TNF) (Bowie et al, 2000). NF-kappaB may indirectly increase SLPI expression via the up-regulation
of these inflammatory molecules (Bingle at al, 2001; King et al, 2002). There is often no evidence of acute inflammation
around a tubal implantation site (Kutluay et al, 1994). In ectopic pregnancy, tubal expression of SLPI during embryo
implantation may reduce the inflammatory response and subsequent early tubal damage by inhibiting protease actions.
SLPI has been shown to reduce tissue damage in models of emphysema and fibrosis of the lung, and studies have
shown that reduced levels of SLPI in the gastric mucosa of patients with Helicobacter pyloriinduced gastritis (Hritz et
al, 2006; Mitsuhashi et al, 1996; Mulligan et al, 1993; Rudolphus et al, 1993; Wex et al. 2004a; Wex et al, 2004b; Wex
et al. 2006). The elevated levels of SLPI in the event of an ectopic implantation may serve as an explanation for the lack
of acute inflammation observed.

[0130] However, itis also possible that the abnormal expression of SLPI may predispose to, rather than be a conse-
quence of, tubal pregnancy. Chlamydia trachomatis, the most common bacterial sexually transmitted infection in the
United Kingdom, has been shown to be the principal risk factor for tubal pregnancy (Farquhar 2005, Cassell et al, 2006).
Nevertheless, although it has been suggested that Chlamydial infection is one of the major causes of tubal damage
(Odland et al, 1993), the pathogenic events that lead from Chlamydial infection to tubal pregnancy are unclear. In-vitro
studies have demonstrated that Chlamydia induces expression of SLPI in cervical epithelium and trophoblast (Wheel-
house et al, manuscript in preparation). It is possible that Chlamydia acts via NF kappaB by way of the above signalling
cascade, and that persistent, or repeated, infection causes atypical expression of SLPI in the uterus and fallopian tube
leading to a susceptibility to tubal implantation. However, none of the specimens examined in our study were positive
for Chlamydial infection.

[0131] The demonstration of an altered mRNA expression pattern of SLPI in women with ectopic compared to intra-
uterine pregnancies contributes further to our current knowledge of embryo implantation. Although immunohistochemistry
demonstrated no obvious difference in the pattern of distribution of elafin and SLPI protein expression, we acknowledge
the difficulty in accurately determining secretory proteins using this technique and are aware that further quantitative
protein analysis and functional studies are required.
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Claims

A method for identifying an ectopic pregnancy, said method comprising the step of;

(a) identifying a level of inhibin/activin Bg subunit gene expression and/or activin B in a sample provided from
a subject,

wherein the level of the inhibin/activin Bg subunit gene expression and/or activin B is associated with, or indicative
of, an ectopic pregnancy.
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The method of claim 1, further comprising the step of identifying a level of CRISP-3 in a sample, wherein the level
of CRISP-3 is associated with, or indicative of, an ectopic pregnancy.

The method of claim 1 or 2, further comprising the step of identifying a level of CPB1 in a sample, wherein the level
of CPB1 is associated with, or indicative of, an ectopic pregnancy:

The method of claims 1-3, further comprising the step of identifying a level of inhibin o in a sample, wherein the
level of inhibin o is associated with, or indicative of, an ectopic pregnancy.

The method of claims 1-4, further comprising the step of identifying a level of SLPI in a sample, wherein the level
of SLPI is associated with, or indicative of, an ectopic pregnancy.

The method of claims 1-5, further comprising the step of identifying a level of elafin in a sample, wherein the level
of elafin is associated with, or indicative of, an ectopic pregnancy.

The method of claims 1-6, further comprising the step of identifying a level of prolactin in a sample, wherein the
level of prolactin is associated with, or indicative of, an ectopic pregnancy.

The method of any preceding claim, wherein an ectopic pregnancy is identified by a decrease in the level of inhibin/
activin Bg subunit gene expression and/or activin B in the sample as compared to the levels of inhibin/activin Bg
subunit gene expression and/or activin B in samples derived from subjects who are not pregnant or those with a
normal intra-uterine pregnancy.

The method of claim 8, wherein a decrease of about 1%, 2%, 5%, 10%, 20%, 30%-100% in the amount of activin
B in a sample relative to a reference or control sample is associated with, or indicative of, an ectopic pregnancy.

The method of claim 5, wherein an increase of about 1, 2, 3, 4, 5, 10, 20, 30 or 40 fold in the level of SLPI present
in a sample relative to a reference or control sample is associated with, or indicative of, an ectopic pregnancy.

The method of claims 6, wherein an increase of about 1, 2, 3, 4, 5, 10, 20, 30 or 40 fold in the level of elafin present
in a sample relative to a reference or control sample is associated with, or indicative of, an ectopic pregnancy.

The method of claims 7, wherein a decrease of about 1,2,3,4,5,6,7,8,9,10, 20,30, 50, 70, 80 or 100% in the amount
of prolactin in the sample relative to a reference or control sample is associated with, or indicative of, an ectopic
pregnancy.

The method of any preceding claim, wherein the sample provided by a subject comprises one or more samples
selected from the group consisting of whole blood, plasma, serum, saliva, sweat, urine and biopsies/scrappings/
swaps/washes of tissues or secretions.

The method of any preceding claim, wherein the sample comprises uterine decidua.

The method of claims 1-16, wherein the level of inhibin/activin Bg subunit gene expression, activin B, CRISP-3,
CPB1, inhibin o, SLPI, elafin and/or prolactin is identified by techniques selected from the group consisting of
techniques involving agents capable of binding the inhibin/activin Bg subunit gene, activin B, CRISP-3, CPB1, inhibin
o, SLPI, elafin and/or prolactin; ELISA; immunohistochemistry; Western blot; dot blot; techniques involving polymer-
ase chain reaction (PCR); Northern blot and/or Southern blot; and microarray analysis.

The method of any preceding claim in combination with one or more existing in vitro methods for diagnosing an
ectopic pregnancy.

Patentanspriiche

1.

Verfahren zum Erkennen einer ektopischen Schwangerschaft, wobei das Verfahren den Schritt umfasst des:

(a) Erkennens eines Niveaus der Genexpression der Inhibin-/Activin Bg-Untereinheit und/ oder von Activin B
in einer Probe, die von einem Subjekt bereitgestellt wird,
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wobei das Niveau der Genexpression der Inhibin-/Activin Bg-Untereinheit und/oder von Activin mit einer ektopischen
Schwangerschaft verbunden oder ein Anzeichen dafir ist.

Verfahren nach Anspruch 1, des Weiteren den Schritt des Erkennens eines Niveaus von CRISP-3 in einer Probe
umfassend, wobei das Niveau von CRISP-3 mit einer ektopischen Schwangerschaft verbunden oder ein Anzeichen
daflr ist.

Verfahren nach Anspruch 1 oder 2, des Weiteren den Schritt des Erkennens eines Niveaus von CPB1 in einer Probe
umfassend, wobei das Niveau von CPB1 mit einer ektopischen Schwangerschaft verbunden oder ein Anzeichen
dafir ist.

Verfahren nach den Anspriichen 1-3, des Weiteren den Schritt des Erkennens eines Niveaus von Inhibin o in einer
Probe umfassend, wobei das Niveau von Inhibin o mit einer ektopischen Schwangerschaft verbunden oder ein
Anzeichen dafir ist.

Verfahren nach den Anspriichen 1-4, des Weiteren den Schritt des Erkennens eines Niveaus von SLPI in einer
Probe umfassend, wobei das Niveau von SLPI mit einer ektopischen Schwangerschaft verbunden oder ein Anzei-
chen daflir ist.

Verfahren nach den Anspriichen 1-5, des Weiteren den Schritt des Erkennens eines Niveaus von Elafin in einer
Probe umfassend, wobei das Niveau von Elafin mit einer ektopischen Schwangerschaft verbunden oder ein Anzei-
chen dafir ist.

Verfahren nach den Anspriichen 1-6, des Weiteren den Schritt des Erkennens eines Niveaus von Prolactin in einer
Probe umfassend, wobei das Niveau von Prolactin mit einer ektopischen Schwangerschaft verbunden oder ein
Anzeichen daflrr ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei eine ektopische Schwangerschaft durch eine Abnah-
me des Niveaus der Genexpression der Inhibin-/Activin Bg-Untereinheit und/oder von Acitivin in der Probe im Ver-
gleich mit den Niveaus der Genexpression der Inhibin-/Activin 3g-Untereinheit und/oder von Acitivin in Proben, die
von Subjekten stammen, die nicht schwanger sind oder denjenigen mit einer normalen intrauterinen Schwanger-
schaft, erkannt wird.

Verfahren nach Anspruch 8, wobei eine Abnahme von etwa 1 %, 2 %, 5 %, 10 %, 20 %, 30 % - 100 % der Menge
an Activin B in einer Probe im Vergleich mit einer Bezugs- oder Kontrollprobe mit einer ektopischen Schwangerschaft
verbunden oder ein Anzeichen dafiir ist.

Verfahren nach Anspruch 5, wobei eine 1-, 2-, 3-, 4-, 5-, 10-, 20- 30- oder 40-fache Erhdhung des Niveaus von in
der Probe vorliegendem SLPI im Vergleich mit einer Bezugs- oder Kontrollprobe mit einer ektopischen Schwanger-
schaft verbunden oder ein Anzeichen dafir ist.

Verfahren nach Anspruch 6, wobei eine 1-, 2-, 3-, 4-, 5-, 10-, 20- 30- oder 40-fache Erhohung des Niveaus von in
einer Probe vorliegendem Elafin im Vergleich mit einer Bezugs- oder Kontrollprobe mit einer ektopischen Schwan-
gerschaft verbunden oder ein Anzeichen dafur ist.

Verfahren nach Anspruch 7, wobei eine Abnahme von etwa 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 20, 30, 50, 70, 80 oder 100
% der Menge von Prolactin in der Probe im Vergleich mit einer Bezugs- oder Kontrollprobe mit einer ektopischen
Schwangerschaft verbunden oder ein Anzeichen dafir ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die Probe, die von einem Subjekt bereitgestellt wird,
eine oder mehrere Proben ausgewahlt aus der Gruppe bestehend aus Vollblut, Plasma, Serum, Speichel, Schweil},
Urin und Biopsien/Abschabungen/Abstrichen/Spilungen von Geweben oder Absonderungen umfasst.
Verfahren nach einem der vorhergehenden Anspriiche, wobei die Probe Gebarmutterdecidua umfasst.
Verfahren nach den Anspriichen 1 - 16, wobei das Niveau der Genexpression der Inhibin-/Activin Rg-Untereinheit,

von Activin B, CRISP-3, CPB1, Inhibin o, SLPI, Elafin und/oder Prolactin durch Techniken erkannt wird ausgewahlt
aus der Gruppe bestehend aus Techniken, die Agentien, die dazu fahig sind, das Inhibin-/Activin Rg-Untereinheits-
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gen, Activin B, CRISP-3, CPB1, Inhibin o, SLPI, Elafin und/oder Prolactin zu binden; ELISA; Immunhistochemie;
Western-Blot; Dot-Blot involvieren; Techniken, die Polymerasekettenreaktionen (PCR); Northern-Blot und/oder
Southern-Blot; und Mikroarrayanalyse involvieren.

Verfahren nach einem der vorhergehenden Anspriiche in Kombination mit einem oder mehreren bestehenden In
Vitro-Verfahren zum Diagnostizieren einer ektopischen Schwangerschaft.

Revendications

1.

10.

11.

12.

Méthode pour l'identification d’une grossesse ectopique, ladite méthode comprenant I'étape:

(a) d'identification d’'un niveau d’expression de géne d’inhibine/activine sous-unité Bg et/ou d’activine B dans
un échantillon fourni a partir d’'un sujet,

dans laquelle le niveau d’expression de géne d’inhibine/activine sous-unité g et/ou d’activine B est associé a, ou
indicateur de, une grossesse ectopique.

Méthode selon la revendication 1, comprenant en outre I'étape d’identification d’'un niveau de CRISP-3 dans un
échantillon, dans lequel le niveau de CRISP-3 est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon la revendication 1 ou 2, comprenant en outre I'étape d’identification d’'un niveau de CPB1 dans un
échantillon, dans lequel le niveau de CPB1 est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon les revendications 1-3, comprenant en outre I'étape d’identification d’un niveau d’inhibine oo dans un
échantillon, dans lequel le niveau d’inhibine o est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon les revendications 1-4, comprenant en outre I'étape d’identification d’'un niveau de SLPI dans un
échantillon, dans lequel le niveau de SLPI est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon les revendications 1-5, comprenant en outre I'étape d’identification d’'un niveau d’élafine dans un
échantillon, dans lequel le niveau d’élafine est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon les revendications 1-6, comprenant en outre I'étape d’identification d’'un niveau de prolactine dans
un échantillon, dans lequel le niveau de prolactine est associé a, ou indicateur de, une grossesse ectopique.

Méthode selon I'une quelconque des revendications précédentes, dans laquelle une grossesse ectopique est iden-
tifiée par une diminution dans le niveau d’expression de géne d’inhibine/activine sous-unité g et/ou d’activine B
dans I'échantillon lorsqu’il est comparé aux niveaux d’expression de géne d'inhibine/activine sous-unité Bg et/ou
d’activine B dans des échantillons dérivés de femmes qui ne sont pas enceintes ou de celles avec une grossesse
intra-utérine normale.

Méthode selon la revendication 8, dans laquelle une diminution d’environ 1%, 2%, 5%, 10%, 20%, 30%-100% dans
la quantité d’activine B dans un échantillon relativement a un échantillon de référence ou témoin est associée a, ou
indicatrice de, une grossesse ectopique.

Méthode selon la revendication 5, dans laquelle une augmentation d’environ 1, 2, 3, 4, 5, 10, 20, 30 ou 40 fois dans
le niveau de SLPI présent dans un échantillon relativement a un échantillon de référence ou témoin est associée
a, ou indicatrice de, une grossesse ectopique.

Méthode selon la revendication 6, dans laquelle une augmentation d’environ 1, 2, 3, 4, 5, 10, 20, 30 ou 40 fois dans
le niveau d’élafine présente dans un échantillon relativement a un échantillon de référence ou témoin est associée
a, ou indicatrice de, une grossesse ectopique.

Méthode selon la revendication 7, dans laquelle une diminution d’environ 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 20, 30, 50, 70,

80 ou 100% dans la quantité de prolactine dans I'échantillon relativement a un échantillon de référence ou témoin
est associée a, ou indicatrice de, une grossesse ectopique.
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Méthode selon I'une quelconque des revendications précédentes, dans laquelle I'échantillon fourni par un sujet
comprend un ou plusieurs échantillons choisis dans le groupe constitué de sang entier, de plasma, de sérum, de
salive, de sueur, d’urine et de biopsies/raclages/échanges/lavages de tissus ou de sécrétions.

Méthode selon 'une quelconque des revendications précédentes, dans laquelle I'échantillon comprend une décidue
utérine.

Méthode selon les revendications 1-16, dans laquelle le niveau d’expression de gene d’inhibine/activine sous-unité
Bg, d’'activine B, de CRISP-3, de CPB1, d’inhibine o, de SLPI, d’élafine et/ou de prolactine est identifié par des
techniques choisies dans le groupe constitué de techniques impliquant des agents capables d’une liaison avec le
géne d’inhibine/activine sous-unité Bg, I'activine B, CRISP-3, CPB1, I'inhibine o, SLPI, I'élafine et/ou la prolactine;
ELISA; une immunohistochimie; un transfert de type Western; une technique dot blot; techniques impliquant une
réaction en chaine de la polymérase (PCR); un transfert de type Northern et/ou un transfert de type Southern; et
une analyse de microéchantillons.

Méthode selon I'une quelconque des revendications précédentes en combinaison avec une ou plusieurs méthodes
in vitro existantes pour le diagnostic d’'une grossesse ectopique.
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