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LEUKOCYTE ACTIVATION AND METHODS OF USE THEREOQF

RELATED APPLICATIONS

[06001] This application claims priority to United States Application number
61/435,018 filed January 21, 2011, the contents all of which are hereby incorporated by

reference in their entirety.
FIELD OF THE INVENTION

[0002] The field of the invention generally relates to compositions, methods and kits
for compositions, methods and/or kits for determining the likelihood of developing a disorder

of pregnancy, such as preterm delivery.
BACKGROUND OF THE INVENTION

[0003] The process of normal labor in humans represents a type of inflammatory
response. Many of the cellular and biochemical mediators of inflammation elicit specific
responses in the quiescent uterus, the cervix and the fetal membranes'. As part of this
process, leukocytes infiltrate the myometrium®, the cervix® and the fetal membranes™®. These
leukocytes, along with the resident cells of the reproductive tissues secrete inflammatory
mediators including cytokines, matrix metalloproteinases (MMPs), and prostaglandins (PGs),
which participate in the regulation of the events of labor'”.

[0004] It has been proposed that specific leukocyte subsets infiltrate the fetal
membranes around the time of labor, creating an inflammatory microenvironment and
secreting mediators which may allow the final rupture of these tissues®®. Regarding to the
phenotype of the infiltrated leukocytes in the fetal membranes before and at the parturition
time, it has been reported that they generally consisting of granulocytes, T cells and a lesser

proportion of monocytes.
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[10005] Leukocyte recruitment and homing are regulated by specific mediators and
generally occur in sequential steps. First, tissues secrete chemokines which are the soluble
mediators that are responsible for the selective recruitment of leukocytes to a particular
tissue®. Once they have arrived at the tissue, leukocytes express cell adhesion molecules
(CAMs) which allow them to adhere to the vascular endothelium and subsequently to
extravasate from the blood vessel and into the tissue’. In the reproductive tissues, it has been
demonstrated that chemokines recruit specific leukocyte subsets before and during labor® '°.
[0006] Preterm delivery is the largest contributor to perinatal mortality and morbidity
with long term consequences and tremendous personal and societal costs. In Alberta, the
preterm birth rate is >9%, and in the USA it is >12%, of all pregnancies.

[0007] Currently, the best predictor of preterm birth is considered to be whether the
mother has had a previous preterm pregnancy. A mother has approximately a 15% chance of
delivering the next baby preterm as well. If the mother has had two previous preterm
pregnancies, the predictability for the current pregnancy doubles to about 30%.

[0008] If a mother was preterm herself, or if her first or second degree relatives had
preterm births, the risk of preterm birth is increased.

[0009] Twin studies estimate an overall heritability from 15% to 40%.

[0010] Presently, there 1s no reliable test of any kind that predicts women at risk of
preterm delivery.

[0011] The only pregnancy test on the market is the fetal fibronectin test from Hologic
in which a cervical swab can be tested for the presence of fetal fibronectin. This is used as a
test to predict pregnancy maintenance and does not predict preterm birth or pregnancy
termination. It selects for the women not to treat, but does not select for those who should be
treated.

[0012] It is, therefore, desirable to provide compositions, methods and/or kits for

determining the likelihood of developing a disorder of pregnancy, such as preterm delivery.
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[0013] This background information is provided for the purpose of making known
information believed by the applicant to be of possible relevance to the present invention. No
admission is necessarily intended, nor should it be construed, that any of the preceding

information constitutes prior art against the present invention.
SUMMARY OF THE INVENTION

[0014] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: obtaining peripheral leukocytes from said pregnant subject; and determining a
chemotactic activity of said leukocytes, wherein an increased likelihood of term delivery is
indicated when said chemotactic activity of said leukocytes is at a level characteristic of a full
term pregnancy.

[0015] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject undergoing preterm delivery,
comprising: obtaining peripheral leukocytes from said pregnant subject prior to about week
37 of pregnancy; and determining a chemotactic activity of said leukocytes, wherein an
increased likelihood of preterm delivery is indicated when said chemotactic activity of said
leukocytes 1s at a level characteristic of a full term pregnancy.

[0016] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject developing a disorder associated
with pregnancy, comprising: obtaining peripheral leukocytes from said pregnant subject prior
to about week 37 of pregnancy; and determining a chemotactic activity of said leukocytes,
wherein an increased likelihood of developing said disorder associated with pregnancy is
indicated when said chemotactic activity of said leukocytes is at a level characteristic of a full
term pregnancy.

[0017] In a specific aspect, said disorder associated with pregnancy is preterm

delivery, preeclampsia, preterm premature rupture of membranes, or placental abruption.



10

15

20

25

WO 2012/097451 PCT/CA2012/000068

[0018] In a specific aspect, determining said chemotactic activity comprises
measuring migration of said leukocytes towards a chemoattractant.

[0019] In a specific aspect, said chemoattractant is a factor present in a sample
comprising choriodecidua extract, or fetal membrane extract, wherein each said extract is
obtained from a full term pregnancy subject.

[0020] In a specific aspect, said chemoattractant comprises a factor present within a
sample comprising a uterine extract or a cervical extract; wherein each said extract is obtained
from a full term pregnancy subject.

[0021] In a specific aspect, said uterine extract comprises an upper uterine extract, a
middle uterine extract, a lower uterine extract, or a cervical extract.

[0022] In a specific aspect, said leukocyte is a granulocyte, T-lymphocyte, monocyte,
NK cell, or B-lymphocyte.

[0023] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: obtaining a sample from a pregnant subject, contacting the sample with a reagent
to a biomarker, to form a complex between the agent and the biomarker present in the sample;
measuring the complex formed to determine the amount or concentration of said biomarker in
the sample; wherein an increased likelihood of term delivery is indicated when said biomarker
is at a level characteristic of a full term pregnancy.

10024] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject undergoing preterm delivery,
comprising: obtaining a sample from a pregnant subject prior to about week 37 of pregnancy;
contacting the sample with a reagent to a biomarker, to form a complex between the agent and
the biomarker present in the sample; measuring the complex formed to determine the amount
or concentration of said biomarker in the sample; wherein an increased likelihood of preterm

delivery is indicated when said biomarker is at a level characteristic of a full term pregnancy.
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[0025] In accordance with one aspect of the present invention, there is provided a
method for determining the likelihood of a pregnant subject developing a disorder associated
with pregnancy, comprising: obtaining a sample from a pregnant subject prior to about week
37 of pregnancy, contacting the sample with a reagent to a biomarker, to form a complex
between the agent and the biomarker present in the sample; measuring the complex formed to
determine the amount or concentration of said biomarker in the sample; wherein an increased
likelihood of developing said disorder associated with pregnancy is indicated when said

biomarker is at a level characteristic of a full term pregnancy.

[0026] In a specific aspect, said biomarker comprises a protein, a gene, or a mRNA.
[0027] In a specific aspect, said mRNA comprises ccl2 mRNA.

[0028] In a specific aspect, said sample comprises leukocytes.

[0029] In a specific aspect, said sample comprises an upper uterine extract, a middle

uterine extract, a lower uterine extract, a fetal membrane extract, or a placental extract.

[0030] In a specific aspect, said protein comprises a uterine activation protein (UAP).
[0031) In a specific aspect, said UAP comprises Fp and said sample comprises an
upper uterine extract.

[0032] In a specific aspect, said UAP comprises Otr and said sample comprises an
upper uterine extract, a middle uterine extract, or a lower uterine extract.

[0033] In a specific aspect, said subject is a human.

[0034] In accordance with one aspect of the present invention, there is provided a kit
for determining the likelihood of a pregnant subject undergoing term delivery, comprising: a
reagent for determining a chemotactic activity of feukocytes from said pregnant subject; and
instructions for the use thereof, wherein an increased likelihood of term delivery is indicated
when said chemotactic activity of said leukocytes is at a level characteristic of a full term
pregnancy.

[0035] In accordance with one aspect of the present invention, there is provided a kit

tor determining the likelihood of a pregnant subject undergoing preterm delivery, comprising:
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a reagent for determining a chemotactic activity of leukocytes from a pregnant subject prior to
about week 37 of pregnancy; and instructions for this use thereof, wherein an increased
likelihood of preterm delivery is indicated when said chemotactic activity of said leukocytes
is at a level characteristic of a full term pregnancy.

[0036] In accordance with one aspect of the present invention, there is provided a kit
for determining the likelihood of a pregnant subject developing a disorder associated with
pregnancy, comprising: a reagent for determining a chemotactic activity of leukocytes from a
pregnant subject prior to about week 37 of pregnancy; and instructions for the use thereof,
wherein an increased likelihood of developing said disorder associated with pregnancy is
indicated when said chemotactic activity of said leukocytes is at a level characteristic of a full
term pregnancy.

[0037] In a specific aspect, said disorder associated with pregnancy is preterm
delivery, preeclampsia, preterm premature rupture of membranes, or placental abruption.
[0038] In a specific aspect, determining said chemotactic activity comprises
measuring migration of said leukocytes towards said reagent, wherein said reagent comprises
a chemoattractant.

[0039] In a specific aspect, said chemoattractant is a factor present in a sample
comprising choriodecidua extract, or fetal membrane extract, wherein each said extract is
obtained from a full term pregnancy subject.

[0040] In a specific aspect, said chemoattractant comprises a factor present within a
sample comprising a uterine extract or a cervical extract; wherein each said extract is obtained
from a full term pregnancy subject.

[0041] In a specific aspect, said uterine extract comprises an upper uterine extract, a
middle uterine extract, a lower uterine extract, or a cervical extract.

[0042] In a specific aspect, said leukocyte is a granulocyte, T-lymphocyte, monocyte,

NK cell, or B-lymphocyte.
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[0043] In accordance with one aspect of the present invention, there is provided a kit
for determining the likelihood of a pregnant subject undergoing term delivery, comprising: a
reagent for measuring the amount or concentration of a biomarker in a sample a pregnant
subject; and instructions for the use thereof, wherein an increased likelihood of term delivery
is indicated when said biomarker is at a level characteristic of a full term pregnancy.

[0044] In accordance with one aspect of the present invention, there is provided a kit
for determining the likelihood of a pregnant subject undergoing preterm delivery, comprising:
a reagent for measuring the amount or concentration of a biomarker in a sample from a
pregnant subject prior to about week 37 of pregnancy; and instructions for the use thereof,
wherein an increased likelihood of preterm delivery is indicated when said biomarker is at a
level characteristic of a full term pregnancy.

[0045] In accordance with one aspect of the present invention, there is provided a kit
for determining the likelihood of a pregnant subject developing a disorder associated with
pregnancy, comprising: a reagent for measuring the amount or concentration of a biomarker
in a sample from a pregnant subject prior to about week 37 or pregnancy, wherein an
increased likelihood of developing said disorder associated with pregnancy is indicated when

said biomarker is at a level characteristic of a full term pregnancy.

[0046] In a specific aspect, said biomarker comprises a protein, a gene, or a mRNA.
[0047] In a specific aspect, said mRNA comprises ccl2 mRNA.

[0048] In a specific aspect, said sample comprises leukocytes.

[0049] In a specific aspect, said sample comprises an upper uterine extract, a middle

uterine extract, a lower uterine extract, a fetal membrane extract, or a placental extract.

[0050] In a specific aspect, said protein comprises a uterine activation protein (UAP).
[0051] In a specific aspect, said UAP comprises Fp and said sample comprises an
upper uterine extract.

[0052] In a specific aspect, said UAP comprises Otr and said sample comprises an

upper uterine extract, a middle uterine extract, or a lower uterine extract.
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[0053] In a specific aspect, said subject is a human.
BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:

[0055] Figure 1 is a graph depicting total leukocyte chemotactic activity. Black bars
represent women who underwent labor at term (TL) and white bars represent women who did
not undergo labor and were delivered at term by cesarean section (TNL). The whole fetal
membranes and choriodecidua extracts from TL chemoattracted more leukocytes than those
extracts from TNL (p = a0.010; b0.008). In TL tissues, the whole fetal membranes and
choriodecidua extracts showed more leukocyte chemotactic activity than the amnion extracts
(p = ¢0.029; d0.016). Data are presented as mean = SEM of chemoattracted leukocytes by
each extract, from five different women per group, in triplicate.

[0056] Figure 2 1s a graph depicting granulocyte chemotactic activity. The number of
granulocytes chemoattracted by whole fetal membranes and the choriodecidua was
significantly higher in TL compared with TNL (p = a0.019; b0.008). In TL tissues, the whole
fetal membranes and choriodecidua extracts showed more leukocyte chemotactic activity than
the amnion extracts (p = ¢0.029; d0.016). Data are presented as mean = SEM of
chemoattracted leukocytes by each extract, from five different women per group, in triplicate.

[0057] Figure 3 i1s a graph depicting T-lymphocyte chemotactic activity. The number
of T-lymphocytes chemoattracted by whole fetal membranes and the choriodecidua from TL
was significantly higher than TNL (p = a0.010; b0.008). Data are presented as mean + SEM
of chemoattracted leukocytes by each extract, from five different women per group in
triplicate.

[0058] Figure 4 is a graph depicting monocyte chemotactic activity. The whole fetal
membranes and choriodecidua from TL chemoattracted significantly more monocytes than

those from TNL (p = a0.010; b0.008). The amnion from TNL chemoattracted significantly
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more monocytes than the choriodecidua and whole fetal membranes from TNL (p = ¢0.036;
d0.024). Data are presented as mean + SEM of chemoattracted leukocytes by each extract,
from five different women per group, in triplicate.

[0059] Figure 5 is a graph depicting NK cell chemotactic activity. NK-cell
chemoattraction was higher in the whole fetal membrane extracts from TL than TNL tissues
(p = a0.010). There was no significant difference in NK cell chemoattraction between the
amnion and the choriodecidua in TL and TNL. Data are presented as mean £ SEM of
chemoattracted leukocytes by each extract, from five different women per group, in triplicate.
[0060] Figure 6 is a graph depicting B-lymphocyte chemotactic activity. B-
lymphocyte chemoattraction was significantly higher by choriodecidua with TNL than TL (p
=a0.008). In TL, B-lymphocyte chemoattraction by the amnion was significantly higher than
by the choriodecidua (p = b0.016). Data are presented as mean + SEM of chemoattracted
leukocytes by each extract, from five different women per group, in triplicate.

[0061] Figure 7 is a representation of the process of normal leukocyte activation,
recruitment and infiltration. Leukocytes activated in response to chemotactic factors must
squeeze through junctions between endothelial cells to invade or infiltrate underlying tissues.
[0062] Figure 8 is a graph depicting human fetal membranes (chorio-decidua)
expressing chemotactic activity and this activity increases with labor at term. The increased
chemotactic activity attracts more total leukocytes as assessed using the modified Boyden
Chamber assay.

[0063] Figure 9 is a graph depicting the increased chemotactic activity of the human
chorio-decidua at term labor attracts selected populations of peripheral circulation leukocytes
using the Boyden Chamber assay. The ratio of attracted leukocytes in labor compared to not
in labor at term is demonstrated in the table.

[0064] Figure 10 is a graph depicting the timing of the infiltration of leukocytes into
the human fetal-maternal interface (chorio-decidua) during pregnancy. This figure is based on

our data and on literature values. It demonstrates the dynamic nature of leukocyte infiltration
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into the human uterus during pregnancy. Comparing peripheral leukocyte activation to
established norms at any time during pregnancy can inform about pregnancy health.

{0065] Figure 11 is a representation of the collection of leukocytes.

[0066] Figure 12 a depiction of the chemotaxis assay. Isolated leukocytes are placed
into the upper chamber and a standardized chemotactic protein extract from human chorio-
decidua is placed into the lower chamber. The chemotactic protein extract ‘attracts’
leukocytes. Only activated leukocytes will migrate from the upper to the lower chamber as
‘squeezing’ through the small 5 pm pores is an active process. Size of representative
leukocytes is shown along the bottom. The leukocytes are more receptive (or activated) to the
chemotactic stimulus closer to impending labor, hence more of them will migrate to the lower
chamber as the woman gets closer to delivery.

[0067] Figure 13 depicts the number and type of leukocytes in the lower chamber are
determined by flow cytometry which uses forward scatter, side scatter and fluorescence to
specific cell surface protein markers to detect the type of leukocytes in the sample.

[0068] Figure 14 depicts that forward and side scatter can be plotted to identify type
of leukoctyes; density of individual events can be used to determine number of leukocytes in
each category.

[0069] Figure 15. Leukocyte responsiveness to uterine and cervical chemotactic
signals. Total peripheral leukocytes from GD17, 20 and 22 were tested in chemotaxis assays
using extracts from different uterine segments (A) and cervix (B) obtained on GD22.
Leukocyte responsiveness on GD20 was higher than on GD17 in all cases, and it also was
higher on GD22 than on 20 only in response to upper uterine segment and cervical extracts.
Data are presented as mean + SEM of attracted leukocytes in triplicate by each group of
tissues (n=5 each). Means with different letters are significantly different.

[0070] Figure 16. Chemokine expression in peripheral leukocytes. Panel A, relative
expression of ¢cl2 in total peripheral leukocyte population; Panel B, relative expression of

cxcll in total peripheral leukocyte population; and panel C, relative expression of cxc//0 in

- 10 -
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total peripheral leukocyte population. Data shown are means + SEM of determinations in
duplicate per group (n = 5 each). Means with different letters are significantly different.

[0071] Figure 17. Leukocyte subsets in the maternal periphery. A. Total Leukocytes.
Monocyte proportions decreased from GD17 to 20 and increased from GD20 to 22. T cells
decreased and granulocytes increased on GD22 in comparison to GD20. Data are presented as
mean £+ SEM of determinations in duplicate per group of tissues (n=5 each). Means with
different letters are significantly different.

[0072] Figure 18. Leukocyte chemotaxis of maternal and fetal tissues. Maternal and
fetal tissues from GD17, 20 and 22 were tested in chemotaxis assays using leukocytes on
GD22. Uterine segments (upper; middle; lower). Upper uterine segment extracts have higher
leukocyte chemotaxis on GD22 than on 20; in contrast, middle uterine segment extracts have
lower leukocyte chemotaxis on GD22 than on 20. Data are presented as mean + SEM of
attracted leukocytes in triplicate by each group of tissues (n=5 each). Means with different
letters are significantly different.

[0073] Figure 19. Progesterone (P4) and estradiol-17(3 (E2) concentrations in serum
and reproductive tissues. P4 (A, B, C, D) and E2 (E, F, G, H) concentrations are shown on the
y-axis, and each GD is represented on the x-axis. A and E in serum, B and F in cervix, C and
G in ovary, D and H in uterus. Data shown are means + SEM of determinations in duplicate
per group (n= 5 each). Means with different letters are significantly different. P4 decreased
and E2 increased in all cases from GD20 to 22.

[0074] Figure 20. Relative expression of UAPs in uterine segments. Relative
expression of Fp (A, B and C), and Ot (D, E and F) is shown on the y-axis, and each GD is
represented on the x-axis. [p and Otr levels were higher on GD22 than on 17 and 20 in all of
the cases (p<0.05). Data shown are means + SEM of determinations in duplicate per group
(n=5 each). Means with difterent letters are significantly different.

[0075] Figure 21. Depicts a Table of primers used for RT-PCR.
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[0076] In the Detailed Description that follows, the numbers in bold face type serve to
identify the component parts that are described and referred to in relation to the drawings
depicting various embodiments of the invention. It should be noted that in describing various
embodiments of the present invention, the same reference numerals have been used to identify
the same of similar elements. Moreover, for the sake of simplicity, parts have been omitted

from some figures of the drawings.
DETAILED DESCRIPTION

[0077] As will be described in more detail below, one aspect of the present invention
relates to compositions, methods and/or kits for identifying the phenotype of leukocytes
chemoattracted to a biological sample from a subject.

[0078] Also as will be described in more detail below, one aspect of the present
invention relates to compositions, methods and/or kits for determining the likelihood a
pregnant subject undergoing term delivery, and of a developing a pregnancy-associated
disorder.

[0079] In one example, there is provided a method for determining the likelihood of a
pregnant subject undergoing term delivery, comprising: obtaining peripheral leukocytes from
said pregnant subject; and determining a chemotactic activity of said leukocytes, wherein an
increased likelihood of term delivery is indicated when said chemotactic activity of said
leukocytes is at a level characteristic of a full term pregnancy.

[0080] In one example, there is provided a method for determining the likelihood of a
pregnant subject undergoing preterm delivery, comprising: obtaining peripheral leukocytes
from said pregnant subject prior to about week 37 of pregnancy; and determining a
chemotactic activity of said leukocytes, wherein an increased likelihood of preterm delivery is
indicated when said chemotactic activity of said leukocytes is at a level characteristic of a full

term pregnancy.

12
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[0081] In one example, there is provided a method for determining the likelihood of a
pregnant subject developing a disorder associated with pregnancy, comprising: obtaining
peripheral leukocytes from said pregnant subject prior to about week 37 of pregnancy; and
determining a chemotactic activity of said leukocytes, wherein an increased likelihood of
developing said disorder associated with pregnancy is indicated when said chemotactic
activity of said leukocytes is at a level characteristic of a full term pregnancy.

[0082] The term “subject” or “patient” or “individual”, as used herein, refers to a
eukaryote. A biological sample is typically obtained from a eukaryotic organism including,
but not limited to, mammals. Mammalian subjects include, but are not limited to, primates
such as a human; non-human primates including chimpanzees and the like; livestock,
including but not limited to, cows sheep, pigs, and the like; companion animals, including but

not limited to, dogs, cats, horses, rabbits, rodents including mice and rats, and the like.

[0083] In a specific example, the subject is a pregnant female human.
[0084] In another specific example, the subject is a pregnant female rat.
[0085] The term “sample” or “biological sample” as used herein, encompasses a

variety of cells, cell-containing bodily fluids and/or secretions as well as tissues including, but
not limited to a cell(s), tissue, whole blood, blood-derived cells, plasma, serum, sputum,
mucous, bodily discharge, and combinations thereof, and the like. Biological samples may
include, but are not limited to, tissue and/or fluid isolated from a subject. Biological samples
may also include sections of tissues such as biopsy and autopsy samples, formalin-fixed
paratfin-embedded (FFPE) samples, frozen sections taken for histologic purposes, blood and
blood fractions or products (e.g., serum, plasma, platelets, red blood cells, white blood cells
and the like), sputum, stool, tears, mucus, hair, and skin. Biological samples also include
explants and primary and/or transformed cell cultures derived from animal or patient tissues.
Biological sample also include fetal membranes, including fetal membranes obtained

fragments from the amnion, choriodecidua and whole fetal membranes.

-13-



10

15

20

25

WO 2012/097451 PCT/CA2012/000068

[0086] In certain examples, biological samples may also be blood, a blood fraction,
urine, effusions, ascitic fluid, saliva, cerebrospinal fluid, cervical secretions, vaginal
secretions, endometrial secretions, gastrointestinal secretions, bronchial secretions, sputum,

cell line, tissue sample, or secretions from the breast.

[0087] In a specific example, a biological sample is a blood samples, or a blood
fraction.
[0088] In another specific example, a biological sample comprises cervical or uterine
samples.
[0089] A biological sample may be obtained using those methods known to the skilled

worker. Methods of obtaining such samples from a subject are known to the skilled worker.
{0090] As used herein, “obtaining a sample” or “obtaining a biological sample” refers
to such methods as will be well known to the skilled worker. A biological sample may be
obtained directly or indirectly from the subject. The term "obtaining” a biological sample
may comprise receiving a biological sample from an agent acting on behalf of the subject. For
example, receiving a biological sample from a doctor, nurse, hospital, medical center, etc.,
either directly or indirectly, e.g. via a courier or postal service. In some cases the biological
sample is obtained from archival repositories. In one example, the methods of the invention
are carried out in vitro or ex vivo.

10091) For example, a blood sample, such as a peripheral blood sample, may be
collected using venipuncture.,

[0092] A biological sample may be obtained by removing a sample of cells from an
animal, but can also be accomplished by using previously isolated cells (e.g., isolated by
another person, at another time, and/or for another purpose), or by performing the methods
described herein in vivo. Archival tissues, such as those having treatment or outcome history,
may also be used.

[0093] A biological sample can be collected on more than one occasion.

[0094] In some examples, a tissue sample may be obtained from a biopsy.
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[0095] The term “biopsy”, as used herein, refers to the process of removing a tissue
sample for the methods described herein, and to the tissue specimen itself. Any biopsy
technique known in the art can be applied to the methods of the present invention. The biopsy
technique applied will depend on the tissue type to be evaluated, the size and type biopsy,
among other factors. Representative biopsy techniques include, but are not limited to,
excisional biopsy, incisional biopsy, needle biopsy and surgical biopsy. A biopsy may be a
“core-needle biopsy”, or a “fine-needle aspiration biopsy” which generally obtains a
suspension of cells from within a target tissue. In the case of placental tissue, biopsies may be
conducted pre- or post-delivery. Additional examples include gross apportioning of a mass,
microdissection, laser-based microdissection, or other art-known cell-separation methods.
[0096] In one example, a biological sample is assessed for leukocyte chemotactic
activity, and the number and phenotype of the chemoattracted leukocytes are characterized.
Methods of measuring chemotaxis are known, and include the use of a Boyden chamber.
[0097] The term "leukocyte" or "white blood cell", as used herein, refers to any type
of white blood cell. Leukocytes may be peripheral leukocytes. Leukocytes include adaptive
immune cells and innate immune cells. The term "adaptive immune cells" (or "memory
immune cells") and “innate immune cells” as used herein have their conventional meaning.
Examples of leukocytes include, for example granulocytes (e.g., neutrophils, eosinophils,
basophils), mononuclear phagocytes, and lymphocytes (e.g., B cells, T cells, natural killer
(NK) cells).

[0098] Leukocytes may be isolated in accordance with any suitable technique. In
once example, leukocytes are isolated from peripheral blood using Polymorphprep™.

[0099] Leukocytes may be sorted into particular subcategories or types in accordance
with any suitable technique.

{00100] The term “Boyden chamber™, as used herein, encompasses generically any

instrument used to study chemotaxis (also referred to as chemotactic activity), and in
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particular trans-membrane chemotaxis. It is also referred to as “trans-well migration” or an in
vitro cell migration assay.

[00101] The Boyden chamber, is based on a chamber of two medium-filled
compartments separated by a microporous membrane. In general, cells are placed in the
upper compartment and are allowed to migrate through the pores of the membrane into the
lower compartment, in which chemotactic agents are present. After an appropriate incubation
time, the number of cells that have migrated to the lower side of the membrane is determined.
The Boyden chamber-based cell migration assay has also been called filter membrane
migration assay, trans-well migration assay, or chemotaxis assay. A number of different
Boyden chamber devices are available commercially, as is well known to the skilled worker.
Alternate Boyden chambers may be based on or employ a Boyden chamber whereby the
separation of the two (migratory cells- and chemottractant-containing) units is accomplished
not only by a membrane but by cell-coated membranes. The filter membranes may be made
from a variety of materials, including, but not limited to polycarbonate, polysulfone,
polyvinyl or polystyrene.

[00102] The pore size of the membranes selected on the basis of its intended use, and
may be in the range for from about 0.5 to about 10pm diameter, desirably from about 2.5 to
about 7.5pm, or desirably about Spm. In a specific example, in the case of leukocytes, the
pore size is about Spum.

[00103] The term “chemoattractant”, as used herein, refers to a molecule which gives
rise to the migration of certain target cells by establishing a chemotactic gradient along which
the target cells can move. Examples of chemoattractants include, but are not limited to, a
protein(s). Once example of a chemoattractant is a chemokine. Chemoattractants may be
present in cell and/or tissue extracts.

[00104] In a specitic example, the biological sample is amnion, choriodecidua or whole

fetal membrane extracts obtained from pregnant humane females at term, with or without
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labour were assessed for leukocyte chemotactic activity, and the number and phenotype of the
chemoattracted leukocytes were characterized by flow cytometry.

[00105] In this specific example, all of the extracts exhibited chemotactic activity with
more leukocytes chemoattracted by the choriodecidua and the whole fetal membranes during
labor compare with no labor (p = 0.010, 0.008).

[00106] As noted above, one aspect of the present invention relates to compositions,
methods and/or kits for predicting or determining the likelihood of a pregnancy-associated
disorder in a subject, for example, which is higher than in a control group, such as a normal
pregnancy control.

[00107] The term “normal pregnancy” as used herein refers to a pregnancy the
proceeds to term without any complications, and is also referred to as a term pregnancy or full
term pregnancy. Typically, a normal pregnancy is a pregnancy without a pregnancy-
associated disorder.

[00108] As used herein, the term “term pregnancy” and “full term pregnancy” refers to
the onset of labour after the 37" week or gestation, in humans. In another example, these
terms refer to the onset of labour between about the 37" week and 40™ week of gestation.
[00109] The term “pregnancy-associated disorder”, as used herein, refers to any
condition or disease that may affect a pregnant woman, the fetus the woman is carrying, or
both the woman and the fetus. Such a condition or disease may manifest its symptoms during
a limited time period, e.g.., during pregnancy or delivery, or may last the-entire life span of the
fetus following its birth. Non-limited examples of pregnancy-associated disorders include
preterm labor, preeclampsia, preterm premature rupture of membranes, placental abruption,
ectopic pregnancy, fetal chromosomal abnormalities, hypertensive disorders with or without
associated proteinuria, chronic hypertension, gestational hypertension (pregnancy induced

hypertension (PIH)), and the like.

S17-



10

15

20

25

WO 2012/097451 PCT/CA2012/000068

[00110] In one example, a pregnancy-associated disorder is preterm labor (also referred
to as preterm delivery), preeclampsia, preterm premature rupture of membranes and/or
placental abruption.

[00111] In a specific example, the pregnancy-associated disorder is preterm labor.
[00112] The terms “preterm labour” and “premature labour” and “preterm delivery”, as
used herein, refers to the premature onset of labor resulting in expulsion from the uterus of a
viable infant before the normal end of gestation (i.c. pre-term birth or delivery), if not treated.
In a specific example, in the case of humans, preterm labour refers to the onset of labor with
effacement and dilation of the cervix before the 37th week of gestation. In another example,
preterm labour refers to the onset of labor with effacement and dilation of the cervix between
about the 20™ week of gestation and the 37th week of gestation.

[00113] Preterm labour may or may not be associated with vaginal bleeding 0} rupture
of membranes. Preterm labor may or may not be related to factors including without
limitation infection (eg, bacterial vaginosis [BV], sexually transmitted diseases [STDs],
urinary tract infections, chorioamnionitis), uterine distention (eg, multiple gestation,
polyhydramnios), uterine distortion (eg, millerian duct abnormalities, fibroid uterus),
compromised structural support of the cervix (eg, incompetent cervix, previous cone biopsy
or loop electrosurgical excision procedure [LEEP]), abruptio placentae, uteroplacental
insufficiency (eg, hypertension, insulin-dependent diabetes, drug abuse, smoking, alcohol
consumption), stress either indirectly by associated risk behaviors or by direct mechanisms
including fetal stress.

[00114] The term “preeclampsia”, as used herein, refers to a condition that occurs
during pregnancy, the main symptom of which is various forms of high blood pressure often
accompanied by the presence of proteins in the urine and edema (swelling). Preeclampsia,
sometimes called toxemia of pregnancy, is related to a more serious disorder called

“eclampsia,” which is preeclampsia together with seizures. These conditions usually develop
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during the second half of pregnancy (after 20 weeks), though they may develop shortly after
birth or before 20 weeks of pregnancy.

[00115] The term “placental abruption” as sued herein, refers to a condition that occurs
during and may be associated with hypertension, diabetes, a multiply pregnancy, an unusually
large amount of amniotic fluid, numerous previous deliveries, or advanced maternal age
[00116] The term "treatment" or “treated”, as used herein, refers to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to prevent or slow
down (lessen) the targeted condition or disorder. Those in need of treatment include those
already with the disorder as well as those prone to have the disorder or those in whom the
disorder is to be prevented. .

[00117] Treatment for pregnancy-associated disorders are known to the skilled worker.
[00118] In some examples, a suitable treatment or medicament is administered for
treatment of the pregnancy associated hypertensive disorder, and may for example be selected
from aldomet, labatolol, hydralazine, nifedipine (Procardia, Adalat), diuretics, clonidine,
calcium channel blockers, vasodilators, magnesium sulphate (MgSO4), and combinations
thereof.

[00119] In other examples, tocolytic agents that may be utilized in methods as
described herein may for example be selected from MgSO4, nifedipine, fenoterol, ritodrine
(Yutopar), atosiban, salbutamol, indomethacin, terbutaline (Brethine). oxytocin antagonists,
and combinations thereof.

[00120] In other examples, steroids that may be used for promoting maturation of foetal
lungs include corticosteroids and glucocorticoids (such as betamethasone, dexamethasone,
and hydrocortisone).

[00121] The term “prediction” and “determination in the likelihood” as used herein,
refers to providing a measure of relative risk for developing a pregnancy-associated disorder
in a patient. As used herein, the term “providing a prognosis™ refers to providing a prediction

of the probable course and outcome ot a pregnancy-associated disorder.
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[00122] As used herein, the term “diagnosis” refers to detecting a pregnancy-associated
disorder or a risk or propensity for development a pregnancy-associated disorder. It will be
appreciated that typically any method of diagnosis includes false positives and false negatives.
Accordingly, it is typical that a method of diagnosis does not necessarily provide 100%
accuracy.

[00123] In one example, a determination of the likelihood of a disorder associated with
pregnancy is made by measuring chemotaxis of leukocytes, obtained from a pregnant human
female, towards a chemoattractant.

[00124] In a specific example, the chemoattractant is a protein extract of term chorio-
decidual tissue and chemotaxis is measured using a Boyden chamber. If a larger-than-normal
number of leukocytes have migrated for a particular gestational age, the risk of having
preterm labour will be increased. As demonstrated in the Examples, leukocytes become more
activated as pregnancy progresses, 1.. responsive in terms of migratory activity to a standard
dose of chemotactic factor. Activated leukocytes responding to a chemotactic signal from
intrauterine fetal/maternal tissues attract the leukocytes. The degree of activation increases as
delivery nears. A patient identified with a likelihood of preterm labour may receive
appropriate treatment, as would be known to the skilled worker.

[00125] In a specific example, a determination of the likelihood of a disorder associated
with pregnancy is undertaken as follows. Whole blood (e.g., 10 mL) from a pregnant human
female, obtained from a routine blood sampling taken during a prenatal visit or at a visit to a
clinic, is mixed with 10 mL Polymorphoprep™ (a commercial product that helps separate the
leukocytes). The blood and Polymorphoprep™ are centrifuged for 30 min to isolate the
leukocytes. The leukocytes are placed into one well of a modified Boyden chamber. Into the
other well of the Boyden chamber is placed a chemotactic protein extract of term chorio-
decidual tissue. The chamber is incubated for 2.0 hours, after which the number and type of
leukocytes that have migrated trom the leukocyte chamber to the chemotaxis chamber are

assessed by flow cytometry. If a larger-than-normal number of leukocytes (for example
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granuloctyes, B and T lymphocytes and monocytes/macrophages) have migrated for that
particular gestational age, the risk of having preterm labour will be increased. The principle
behind the test is that we have just demonstrated in pregnant rats with this technique that
leukocytes become more ‘activated’ as pregnancy progresses, i.e. responsive in terms of
migratory activity to a standard dose of chemotactic factor. In order to move from one
chamber to the other within a Boyden chamber, the leukocytes must pass through pores with a
diameter of about 5 um, whereas typically they have diameters ranging from 8-14 pm. Only
activated leukocytes responding to a chemotactic signal from intrauterine fetal/maternal
tissues will attract the leukocytes. As shown herein, the degree of activation increases as
delivery nears.

[00126] In accordance with another aspect of the present invention, there is provided a
method of monitoring the responsiveness to treatment for disorder associated with pregnancy.

[00127] In another embodiment, a method as described herein comprises qualitatively
or quantitatively determining, analyzing or measuring a biological sample from a subject for
the presence or absence, or amount or concentration, of one or more biomarkers associated
with the diagnosis and/or prognosis and/or therapeutic monitoring of pregnancy and/or a
disorder associated with pregnancy.

[00128] In one example there is provided a method for determining the likelihood of a
pregnant subject undergoing term delivery, comprising: obtaining a sample from a pregnant
subject, contacting the sample with a reagent to a biomarker, to form a complex between the
agent and the biomarker present in the sample; measuring the complex formed to determine
the amount or concentration of said biomarker in the sample; wherein an increased likelihood
of term delivery is indicated when said biomarker is at a level characteristic of a full term
pregnancy.

[00129] In one example there is provided a method for determining the likelihood of a
pregnant subject undergoing preterm delivery, comprising: obtaining a sample from a

pregnant subject prior to about week 37 of pregnancy; contacting the sample with a reagent to
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a biomarker, to form a complex between the agent and the biomarker present in the sample;
measuring the complex formed to determine the amount or concentration of said biomarker in
the sample; wherein an increased likelthood of preterm delivery is indicated when said
biomarker is at a level characteristic of a full term pregnancy.

[00130] In one example there is provided a method for determining the likelihood of a
pregnant subject developing a disorder associated with pregnancy, comprising: obtaining a
sample from a pregnant subject prior to about week 37 of pregnancy, contacting the sample
with a reagent to a biomarker, to form a complex between the agent and the biomarker present
in the sample; measuring the complex formed to determine the amount or concentration of
said biomarker in the sample; wherein an increased likelihood of developing said disorder
associated with pregnancy is indicated when said biomarker is at a level characteristic of a full
term pregnancy.

[00131] The term "prognostic marker" or “biomarker” as used herein refers to a marker
that informs about the outcome of a patient in the absence of systemic therapy or portends an
outcome different from that of the patients without the marker, despite empiric (not targeted
to the marker) systemic therapy.

{00132] The term "prognosis" as used herein, refers to the prediction of the likelithood a
pregnancy associated disorder. In a specific example, the disorder is premature delivery.
[00133] The term "therapeutic monitoring" as used herein refers to the observation of
the response of the subject to the treatment administered to it.

[00134] The determination, analysis or measurement of the biomarker is correlated
with normal term pregnancy, or a disorder associated with pregnancy. In some examples, a
patient sample is compared to a control sample. In some examples, a control is not used and
qualitative or quantitative methods are used to determine the presence or absence, or amount
or concentration of the protein of interest.

[00135] In one example, in determining whether there is strong, weak or minimal (or

absent) amount of the biomarker, the patient sample may be compared to one or more control
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samples. In one example, a control sample has had known and/or established level of the
biomarker. In one example, a control sample is a patient sample that has known and/or
established levels of biomarker expression and/or known clinical outcome. In one example, a
control is a cell line that has a known amount of biomarker expression. In another example, a
control sample is a sample from a full term pregnancy.

[00136] The term “expression”, as used herein, and for example in reference to a
biomarker such as ccl2/CCL2, cxcl/CXCLI, cxcll0/CXCL10, a uterine activation protein
(UAP), examples of UAPs include Fp and Otr, refers to all indicators of transcriptional
expression of the biomarker encoding gene. In the foregoing it is understood that the first
lower case term (e.g., “ccl2”) refers to the mRNA and the upper case second term (e.g.,
“CCL2”) refers to the protein. Such indicators include biomarker transcript products,
generated as a result of transcription of the biomarker gene; translation products, including all
forms of the biomarker protein, generated as a result of translation of the biomarker
transcripts; and demonstrable or otherwise measurable biomarker activity.

[00137] As used herein, “*biomarker protein”, includes, but is not limited to, full-length
proteins, mature proteins, pre-proteins, polypeptides, isoforms, mutations, variants, post-
translationally modified proteins and variants thereof. Biomarker protein detection is know
to the skilled worker, and is discussed herein.

[00138] Biomarker transcripts or mRNA can be measured using any of many
techniques known to those of skill in the art, including, but not limited to, northern
hybridization, PCR, reverse transcription followed by PCR, quantitative real-time PCR,
nuclease protection assay, and in situ hybridization. Examples of biomarker mRNA includes,
but is not limited to cci2, cxcl, ¢xcll0.

[00139] Biomarker activity can be measured by a variety of assays known to those of
skill in the art. A suitable method can be selected to determine the activity of proteins
encoded by the biomarker genes according to the activity of each protein analyzed. For

biomarker proteins, polypeptides. isoforms, mutations, and variants thereof known to have



10

15

20

25

WO 2012/097451 PCT/CA2012/000068

enzymatic activity, the activities can be determined in vitro using enzyme assays known in the
art. Such assays include, without limitation, protease assays, kinase assays, phosphatase
assays, reductase assays, among many others. Modulation of the kinetics of enzyme activities
can be determined by measuring the rate constant Ky using known algorithms, such as the
Hill plot, Michaelis-Menten equation, linear regression plots such as Lineweaver-Burk
analysis, and Scatchard plot.

[00140] Biomarker protein can be measured/detected by a variety of techniques known
to the skilled worker, including, but not limited to, immunoassays using a biomarker specific
antibody.  Protein levels can also be determined using a specific antibody or mass
spectroscopy in conjunction with 2 dimensional gel electrophoresis (separation of proteins by
their isoelectric point (IEF) in the first dimension followed by molecular weight determination
using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)).

[00141] In other examples, a biomarker protein is detected using a binding agent (also
referred to an as agent) including, but not limited to, a lectin, nucleic acid (e.g. DNA, RNA),
monoclonal antibody, polyclonal antibody, Fab, Fab', single chain antibody, synthetic
antibody, aptamer (DNA/RNA), peptoid, zZDNA, peptide nucleic acid (PNA), locked nucleic
acid (LNA), synthetic or naturally occurring chemical compound (including but not limited to
a drug or labeling reagent), dendrimer, or any combination thereof. In some instances, a
single agent is used to detect a biomarker. In other instances, a combination of different
agents 1s used to detect a biomarker

[00142] Detection includes direct and indirect detection. Similarly, a binding agent can
be directly or indirectly labeled.

[00143] The quantity of one or more biomarkers can be indicated as a value. The value
can be one or more numerical values resulting from the evaluation of a sample, and can be
derived, e.g., by measuring level(s) of the biomarker(s) in a sample by an assay performed in
a laboratory, or from dataset obtained from a provider such as a laboratory, or from a dataset

stored on a server.
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[00144] In some examples, qualitatively or quantitatively determining, analyzing or
measuring a biological sample from a subject for the presence or absence, or amount or
concentration, of one or more prognostic marker associated, is carried out using antibodies to
the biomarker. _

[00145] In a specific example, antibodies of the present invention are immunoreactive
or immunospecific for, and therefore specifically and selectively bind to a biomarker, for
example the protein CCL2, CXCL1, CXCL10, a uterine activation protein (UAP), examples
of UAPs include Fp and Otr. In one example, antibodies which are immunoreactive and
immunospecific for the biomarker protein can be used. Antibodies for the biomarker protein
are preferably immunospecific.

[00146] The term "antibody" and "antibodies" includes, but is not limited to,
monoclonal and polyclonal antibodies. Antibodies may be derived from multiple species. For
example, antibodies include rodent (such as mouse and rat), rabbit, sheep, camel, chicken, and
human antibodies. In another example, antigen binding fragments which specifically bind to
PDGFRa are used. In some example, the antibodies also comprise a label.

[00147] The term "label" as used herein is an identifiable substance that is detectable in
an assay and that can be attached to a molecule creating a labeled molecule. The behavior of
the labeled molecule can then be monitored and/or studied and/or detected.

[00148] Examples of labels include, but are not limited to, various enzymes, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent materials, radioactive
materials, positron emitting metals using various positron emission tomographies, and
nonradioactive paramagnetic metal 1ons. The detectable substance may be coupled or
conjugated either directly to the antibody (or fragment thereof) or indirectly, through an
intermediate. The particular label used will depend upon the type of immunoassay. Antibodies
can be tagged with such labels by known methods.

[00149] The term "binds specifically" refers to high avidity and/or high affinity binding

of an antibody to a specific polypeptide e.g., an epitope of for the biomarker protein.
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Antibody binding to its epitope on this specific polypeptide is stronger than binding of the
same antibody to any other epitope, particularly those which may be present in molecules in
association with, or in the same sample, as the specific polypeptide of interest. Antibodies
which bind specifically to a polypeptide of interest may be capable of binding other
polypeptides at weak, yet detectable, level. Such weak binding, or background binding, is
readily discernable from the specific antibody binding to the compound or polypeptide of
interest, e.g., by use of appropriate controls, as would be known to the worker skilled in the
art.

[00150] The methods of the present invention may be accomplished using any suitable
method or system of immunohistochemistry. Non limiting exampies include automated
systems, quantitative IHC, semi-quantitative [HC, and manual methods.

[00151} The term "quantitative" immunohistochemistry refers to an automated method
of scanning and scoring samples that have undergone immunohistochemistry, to identify and
quantitate the presence of a specified biomarker, such as an antigen or other protein. For
example, to quantitate for the biomarker protein, the score given to the sample is a numerical
representation of the intensity of the immunohistochemical staining of the sample, and
represents the amount of target biomarker present in the sample. As used herein, Optical
Density (OD) is a numerical score that represents intensity of staining as well as the
percentage of cells that are stained.

[00152] Automated sample processing, scanning and analysis systems suitable for use
with immunohistochemistry are known in the art, and may be used with the methods
described herein. Such systems may include automated staining and microscopic scanning,
computerized image analysis, serial section comparison (to controi for variation in the
orientation and size of a sample), digital report generation, and archiving and tracking of
samples (such as slides on which tissue sections are placed). Cellular imaging systems are

commercially available that combine conventional light microscopes with digital image
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processing systems to perform quantitative analysis on cells and tissues, including
immunostained samples.

[00153] Other examples that may be used in the detection, analysis or measurement of
for the biomarker protein include, but are not limited to, immunoprecipitation,
immunoblotting, mass spectrometry, quantitative fluorescence activated cell sorting, enzyme
linked immunosorbent assay, immunohistochemistry, quantitative immunohistochemistry,
fluorescence resonance energy transfer, Forster resonance energy transfer, and biomolecular
fluorescence complementation.

[00154] It will be appreciated that in some circumstances, a patient which is initially
identified a not having an increased likelihood of developing a pregnancy associated disorder,
may relapse or reoccur. The methods as described herein may be used in the therapeutic
monitoring of a patient, to monitor and identify those patients which may later develop a

pregnancy associated disorder.

[00155] Methods of the present invention are conveniently practiced in the form of a
kit.
[00156] In one example there is provided a kit for determining the likelihood of a

pregnant subject undergoing term delivery, comprising: a reagent for determining a
chemotactic activity of leukocytes from said pregnant subject; and instructions for the use
thereof, wherein an increased likelihood of term delivery is indicated when said chemotactic
activity of said leukocytes is at a level characteristic of a full term pregnancy.

[00157] In one example there is provided a kit for determining the likelihood of a
pregnant subject undergoing preterm delivery, comprising: a reagent for determining a
chemotactic activity of leukocytes from a pregnant subject prior to about week 37 of
pregnancy, and instructions for this use thereof, wherein an increased likelihood of preterm
delivery is indicated when said chemotactic activity of said leukocytes is at a level

characteristic of a full term pregnancy.
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[00158] In one example there is provided a kit for determining the likelihood of a
pregnant subject developing a disorder associated with pregnancy, comprising: a reagent for
determining a chemotactic activity of leukocytes from a pregnant subject prior to about week
37 of pregnancy; and instructions for the use thereof, wherein an increased likelihood of
developing said disorder associated with pregnancy is indicated when said chemotactic
activity of said leukocytes is at a level characteristic of a full term pregnancy.

[00159] In one example there is provided a kit for determining the likelihood of a
pregnant subject undergoing term delivery, comprising: a reagent for measuring the amount or
concentration of a biomarker in a sample a pregnant subject; and instructions for the use
thereof, wherein an increased likelihood of term delivery is indicated when said biomarker is
at a level characteristic of a full term pregnancy.

[00160] In one example there is provided a kit for determining the likelihood of a
pregnant subject undergoing preterm delivery, comprising: a reagent for measuring the
amount or concentration of a biomarker in a sample from a pregnant subject prior to about
week 37 of pregnancy; and instructions for the use thereof, wherein an increased likelihood of
preterm delivery is indicated when said biomarker is at a level characteristic of a full term
pregnancy.

[00161] In one example there 1s provided a kit for determining the likelihood of a
pregnant subject developing a disorder associated with pregnancy, comprising: a reagent for
measuring the amount or concentration of a biomarker in a sample from a pregnant subject
prior to about week 37 or pregnancy, wherein an increased likelihood of developing said
disorder associated with pregnancy is indicated when said biomarker is at a level
characteristic of a full term pregnancy.

[00162] In one non-limiting example, a kit comprises: a tube for centrifuging blood
containing the appropriate amount of Polymorphoprep and marked with a “fill’ line for adding
whole blood; PBS for resuspending the leukocytes; a two-chambered device separated by a

microfilter with 5 micrometer pore size; a stand for holding the filter unit; PBS for the test
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chamber; and a chart with normal (healthy pregnancy) values for migrated leukocytes for each
week (or month) of pregnancy.

[00163] To gain a better understanding of the invention described herein, the following
examples are set forth. It should be understood that these examples are for illustrative
purposes only. Therefore, they should not limit the scope of this invention in anyway.

[00164] EXAMPLES

[00165] Example 1
[00166] Materials and Methods - |
[00167] This study was approved by the IRB of the Instituto Nacional de Perinatologia

Isidro Espinosa de los Reyes in Mexico City (Register 212250-02181). Written, informed
consent was obtained from each subject prior to inclusion in the study.

j00168] Tissues

[00169] Fetal membranes were collected aseptically from two groups: 1) Women with
more than 37 weeks of gestation who developed spontaneous active vaginal delivery (TL)
(n=5). Existence of labor was documented by cervical dilation (> 4 cm) and contractility of
the myometrium (> 3 contractions of 40s in 10 min by tocodynamometer) in the presence of
spontaneous rupture of membranes (ROM). The duration of labor was similar between them
(8-15h). 2) Women with more than 37 weeks of gestation who underwent elective caesarean
section and did not develop active labor (TNL) (n=5). Absence of cervical dilation, no uterine
contractions, and integrity of the fetal membranes (absence of ROM) were documented.
Women with premature rupture of membranes and those with microbiological or clinical
evidence of cervicovaginal or intrauterine infection was present were excluded.
Microbiological tests were performed in tissues by rolling a Dacron swab on the surface of the
membranes. The swabs were cultured onto blood agar plates under aerobic and anaerobic
conditions to ensure that tissues were free from infection. Women included in this study had

internal monitoring and they were similar in ethnicity (Mexican Mestizo) and parity
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(primiparous). None of these women received antibiotics for prolonged ROM, oxytocin
augmentation, or immunosuppressive or modulating medications.

[00170] Fetal membrane extracts

[00171] Immediately after delivery, the fetal membranes from both groups of women
were sterile dissected from the placental edge and placed in a sterile phosphate-buffered saline
solution (1% PBS). Within 30 min, membranes were washed thoroughly in sterile 1< PBS to
remove blood and debris. From each fetal membrane we obtained fragments from the amnion,
choriodecidua and whole fetal membranes randomly localized. We obtained 8—10 fragments
of 6.5 cm-diameter using a sterile circular pattern and placed them in 75 em? culture flasks.
Immediately each explant was cultured (1 explant / 1 flask) in 6.5 mL of Dulbecco-modified
Eagle medium (DMEM), 1% MEM sodium pyruvate and 1% antibiotic-antimycotic [100 U
penicillin, 100 pg streptomycin, 0.25 pg amphotericin B/MI] for 24 h at 37°C in a humid
atmosphere containing 5% CO,. Fetal calf serum-free conditions were used in all
experiments. After this incubation, all explants were homogenized in their culture media
using a Polytron (Brinkmann, USA) and pooled. Fetal membrane extracts were centrifuged at
14,000%g, the supernatant was filtered through a 0.2 um membrane (Corning, USA), and
preserved at —70°C until use.

[00172] Leukocytes

[00173] Peripheral blood samples treated with heparin were collected from women
fitting the same clinical characteristics as the groups described above (TL or TNL) n= (5
each). Polymorphonuclear and mononuclear leukocytes were isolated using a Ficoll gradient
(Polymorphoprep, Axis-Shield, USA). Total leukocytes were then washed and cultured in
RPMI medium supplemented with 10% fetal calf serum (FCS) and 1% antibiotic—antimicotic
and cultured for 24 h at 37°C in humidified air containing 5% CO,. After incubation,
leukocytes were extensively washed to eliminate FCS and suspended in the same FCS-free

media as described above for the fetal membrane extracts. The number and viability of
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leukocytes were assessed by the trypan blue exclusion assay (>95%). All culture reagents
were purchased from GIBCO Invitrogen Corporation.

[00174] Chemotaxis assay

[00175] The chemotaxis assay was performed using a modified Boyden chamber
(BY312; Neuro Probe, USA)"''. Five hundred microliters of heterologous leukocyte
suspension containing 500,000 leukocytes (1000 cells/mm?® of filter area) were placed on top
of the polycarbonate membrane (5 um pore size; TMTPO01300, Millipore Corporation, USA)
with either fetal membrane extract (amnion, choriodecidua, or whole fetal membranes) or
medium control as the chemoattractant in the lower compartment. Leukocytes were matched
in the chemotaxis assays, thus extracts from TNL or TL women were tested with leukocytes
from TNL or TL, respectively. Chambers were incubated for 90 min at 37°C in humidified air
containing 5% CO,. Afterwards, chemoattracted cells were removed from the lower
compartment and centrifuged at 500 % g for 5 min at room temperature. The pellet was
stained and analyzed by flow cytometry to identify the phenotype of chemoattracted
heterologous leukocytes using conjugated monoclonal antibodies: total leukocytes/CD45-
FITC (PN IM2643), T-lymphocytes/CD3-PC7 (6607100), B-lymphocytes/CD19- PCS5 (PN
IM2643), monocytes/CD14-ECD (PN IM2707U), and NK cells/CD56-PE (PN IM2073)
(Beckman Coulter, USA). We considered granulocytes as CD45'CD3 CD19°CD14CD56
cells. The flow cytometer (FC 500, Beckman Coulter) was set to analyze the samples for 300
s, which involved 10,000-100,000 events.

[00176] Statistical analysis

[00177] The data were examined initially by the Shapiro-Wilk test for normal
distribution and were found to not be normally distributed. Therefore the non-parametric
Mann-Whitney test was used to differentiate statistical differences between groups (SPSS,
version 16.0). Significance was achieved with p <0.05.

100178] Results - 1
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[00179] All fetal membrane extracts induced leukocyte chemotaxis. Whole fetal
membrane extracts and separated choriodecidua extracts obtained from the TL group
chemoattracted more leukocytes than those from the TNL group (n=5; p = 0.01 and p = 0.008
respectively). Extracts from the amnion, did not show differences between groups. Leukocyte
chemotactic activity was greater in the choriodecidua extracts than in the amnion extracts
obtained from TL tissues (n=5; p = 0.016), however there was no difference between these
two groups in the TNL extracts. In addition, whole fetal membranes had higher chemotactic
activity than the amnion in TL tissues (n=5; p = 0.029). The data also shows that the amnion
and choriodecidua extracts obtained from TNL tissues chemoattracted the same number of
leukocytes, and their activity did not show an additive effect when the fetal membranes were
together (Figure 1).

[00180] Granulocytes were the main subset chemoattracted by all extracts. Granulocyte
chemoattraction was higher in TL extracts than in TNL extracts both in the choriodecidua (p
= (.008) and the whole fetal membrane extracts (p = 0.019). In the amnion extracts, there was
no significant difference in granulocyte chemoattraction between TL and TNL tissues. The
choriodecidua (p = 0.016) and the whole membrane (p = 0.029) extracts from TL tissues
chemoattracted more granulocytes than the amnion (Figure 2).

[00181] T-lymphocyte chemoattraction was greater in the choriodecidua (p = 0.008)
and the whole fetal membranes extracts (p = 0.010) from TL compared with TNL (Figure 3).
[00182] Monocyte chemoattraction was also higher when whole fetal membrane (p =
0.010) or choriodecidua extracts (p = 0.008) from TL were compared with corresponding
TNL extracts. In the TNL group, the amnion had higher monocyte chemotaxis than the
choriodecidua (p = 0.036) and the whole fetal membrane extracts (p = 0.024) (Figure 4).
100183] NK cell chemoattraction was higher in the whole membrane extracts from the
TL group compared to the TNL group (p = 0.010). There were no significant differences in

NK cell chemotaxis in TL and TNL amnion or choriodecidua extracts. However, it was
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observed that the choriodecidua had more NK-cell chemotactic activity than the amnion in TL
tissues (Figure 5).

[00184] B-lymphocyte chemoattraction of the whole fetal membranes in TL and TNL
was similar. However, the B-lymphocyte chemoattraction by the choriodecidua was
significantly higher in TL than TNL extracts (p = 0.008). The amnion chemoattracted a higher
number of B-lymphocytes than the choriodecidua in TL extracts (p = 0.016) (Figure 6).
[00185] Discussion - 1

[00186] The data herein demonstrate that during labor the amnion and the
choriodecidua express differential leukocyte chemotactic activity, with this activity being
higher in the choriodecidua.

[00187] The total leukocyte chemotactic activity of whole fetal membranes was not the
result of an additive effect between the amnion and choriodecidua when tissues from women
with labor were assayed.

[00188] It was also demonstrated that during labor, the choriodecidua extracts exhibit
chemoattraction for granulocytes, T-lymphocytes, monocytes, and NK-cells. The amnion is
responsible for B-lymphocyte chemoattraction.

{00189} It was also was shown that using tissues obtained before labor was present, the
interaction between the amnion and choriodecidua is necessary for recruitment of monocytes.
[00190] There data indicate that once labor is present, the chemotactic activity of the
fetal membranes may be mainly attributed to factors produced by the choriodecidua.
Choriodecidua is a transitional tissue acting as an interface between the mother and the fetus.
One of its functions throughout pregnancy is to act as a barrier to the maternal immune cells
and this function is maintained during labor. In addition, during labor the choriodecidua
chemoattracts specific subsets of leukocytes that are required for the conditioning of the
proinflammatory milieu during labor and delivery. While not wishing to be bound by theory,

this function was selectively expressed once labor was triggered or as a consequence thereof,
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since we did not find the same property in the choriodecidua extracts obtained from women in
the absence of labor.

[00191] As demonstrated herein, there was a difterential participation of the amnion
and the choriodecidua in the recruitment of specific leukocytes subsets. While not wishing to
be bound by theory, it is thought that this selective leukocyte recruitment is related to the
specific roles of each leukocyte subset in labor.

[00192] The data herein showed that granulocytes were the most leukocyte subset
chemoattracted by the fetal membranes and this chemoattraction is amplified in samples
obtained in the presence of labor. In addition, most of the chemotactic activity is derived
from the choriodecidua. The main subset of granulocytes is neutrophils, which are a rich
source of inflammatory mediators in the body. They secrete pro-inflammatory cytokines,
matrix metalloproteinases (MMPs), and extracellular matrix proteases, including neutrophil

elastase and neutrophil collagenase'*"”

. Neutrophil-derived extracellular matrix proteases
including MMP-8 and MMP-9 degrade extracellular matrix collagen, facilitating rupture of
the fetal membranes®. Our studies indicate that leukocyte subsets in the fetal membranes at
labor consist mainly of granulocytes and T-lymphocytes'.

[00193] Again while not wishing to be bound by theory, eosinophils and basophils may
also contribute to the population of granulocytes recruited to the fetal membranes at term.
Possible roles for eosinophils in extracellular matrix remodeling ot the fetal membranes and
cervix have been suggested during late gestation'.

[00194] T-lymphocytes were the second most abundantly chemoattracted leukocyte
subset in the choriodecidua and whole fetal membranes at term. T-lymphocyte
chemoattraction was increased in the choriodecidua and in the whole fetal membrane extracts
in laboring tissues compared with the non-laboring tissues, indicating a role for T-
lymphocytes in the induction of parturition. The specific role of T-lymphocytes in this process
i1s unknown. As part of the adaptive immune system, T-lymphocytes play a role in the

regulation of chronic inflammation, which suggests that the presence of T-lymphocytes in the
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fetal membranes during labor may occur as a result of previous maternal recognition of the
fetus, and their actions may play a role in the regulation of this immunological response.
[00195] The data show that NK cell recruitment is higher in whole fetal membrane and
choriodecidua extracts during labor; however this increase was only significant in whole fetal
membrane extracts.

[00196] We did not observe an increase in B-lymphocyte chemoattraction into the
whole fetal membranes before and during labor. However, during labor, this B-lymphocyte
recruitment appeared to be mediated by the amnion, given that its extracts exhibited higher B-
lymphocyte chemotactic activity than the choriodecidua extracts. The role of these cells in

pregnancy is unknown and their concentration appears does not change during normal

gestation”
[00197] Example — 11
[00198] The timing of leukocyte activation in the maternal peripheral circulation

relative to term delivery in the rat model was determined.

[00199] Methods - I1

[00200] Maternal peripheral leukocytes were isolated by ficoll density gradient
centrifugation from pregnant Long Evans rats at 17, 20 and 22 gestational days (GD) (n=5,
delivery=22.5 GD). Simultaneously, cervix and uterus [upper, middle and lower segment]
were obtained at 22 GD (n=5), and protein extracts containing chemotactic activity were
isolated from them. The responsiveness (i.e. activity) of leukocytes from each time-point to
the tissue protein chemotactic activity (LCA) was quantified using Boyden chambers and
flow cytometry. As another measure of leukocyte activation, the Ccl2, Cxcll and Cxcll0
mRNA abundance was quantified by real time RT-PCR. Statistical analysis was performed by
ANOVA and Games-Howell test.

[00201] Results - 11

[00202] Peripheral LCA increased from 17 to 20 and 22 GD (p=0.05, each) in response

to cervical chemotactic activity. In addition, leukocytes displayed consistent LCA increases to
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uterine (upper, middle and lower segments) chemotactic activity from 17 to 20 GD (p<0.001,
each). Chemotactic activity from the upper uterine segment stimulated a further increase in
LCA at GD 22 (p<0.024). In contrast, LCA reached a peak in response to chemotactic activity
from the middle and lower uterine segment at GD 20, falling again on GD 22 (p<0.0001).
Leukocyte Cxcll and Ccl2 mRNA abundance rose from 17 to 22 GD (7- and 3.3-fold), with a
dramatic increase of Ccl2 mRNA abundance at 20 GD.

[00203] Discussion - 11

[00204] Peripheral leukocyte activation increased consistently from 17 to 20 GD in
response to chemotactic stimuli from cervical and uterine tissues with further increases at 22
GD to cervical and upper uterine activity. This activation includes increasing mRNA

expression of Ccl2.
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[00232] Example 111

[00233] In this example, maternal peripheral leukocyte activation in Long-Evans rats is
shown.

[00234] Materials and Methods

[00235] Animals

[00236] Animal protocols were approved by the University of Alberta Health Sciences

Animal Policy and Welfare Committee (#625/03/11/C), and the experiments were conducted
in accordance with the Guidelines and Policies of Canadian Council on Animal Care
(SOP.RES:RA:0001.0). Pregnant Long-Evans rats weighing 250-350 g were used in this
study. Rats were housed in the University of Alberta Health Sciences Laboratory Animal

Services.
[00237] Tissues and Blood
[00238] Rats were euthanized according to approved local policy with a lethal dose of

Isoflurane (Halocarbon Products Corporation, USA) by inhalation in a large beaker at
gestational days (GD) 17, 20 or 22. Parturition in this rat strain occurs at GD22.5. Blood by
heart puncture (10 mL) and maternal-fetal tissues were collected in sterile conditions from
post-mortem rats. Maternal-fetal tissues included cervix, uterus, fetal membranes and
placenta. The uterus was divided into three segments: upper (closest to the ovary), middle and
lower (closest to the cervix). Tissues were washed in saline solution and placed immediately
in RNALater (Ambion, Applied Biosystems, USA) or in liquid nitrogen (and then kept at -
80°C) until they were assayed.
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[00239] Leukocytes and serum

[00240] Blood samples were immediately divided into two tubes: 5 mL into a
heparinized vacuum tube (BD Vacutainer, USA) and 5 mL into a 15 mL centrifuge tube
(Corning Incorporated, USA). Serum was isolated from the centrifuge tube and stored at -20
°C until assayed. Polymorphonuclear and mononuclear leukocytes were isolated from the
heparinized tube, using a Ficoll gradient (Polymorphoprep; Axis-Shield, Norton, USA),
following the manufacturer’s instructions. Total leukocytes were then washed in 1X PBS and
the pellet was resuspended and stored in 500 pl. of RNALater, or resuspended and incubated
in supplemented RPMI medium 1640 (1% antibiotics [5,000 units of penicillin and 5,000 pg
of streptomycin/mL] and 10% fetal bovine serum; Invitrogen, USA) at 37°C for 24 h.
Following the incubation time these leukocytes were used in chemotaxis assays.

[00241] Protein extracts of tissues

[00242] Tissues previously placed in liquid nitrogen were gradually defrosted. Tissues
were cut in fragments of ~1 ¢cm’ and homogenized in 1 mL of DMEM (High Glucose 1X and
1% antibiotics; Invitrogen, USA) using a Polytron (Polytron PRO200 homogenizer, PRO
Scientific, USA). These extracts were centrifuged at 4°C, 12,000 x g for 30 min, repeating this

last step until a clear supernatant was obtained. Protein extracts then were stored at -20°C until

use.
[00243] Chemotaxis assay
[00244] The chemotaxis assay was performed using a modified validated Boyden

chamber assay (AP48; Neuro Probe, USA) (Boyden, 1962; Chen, 2005; Gomez-lLopez et al.,
2009, 2011). Fifty uL of leukocyte suspension containing 100,000 leukocytes were placed on
top of the polycarbonate membrane (Sum pore size; PFBS, Neuro Probe, USA) with either
protein extracts of tissues or medium control as chemoattractant in the lower compartment.
Heterologous leukocytes were matched in chemotaxis assays; protein extracts of tissues at
GDI17, 20 and 22 were tested with leukocytes at GD22, and leukocytes at GD17, 20 and 22

were tested with protein extracts (uterus and cervix) at GD22. Chambers were incubated for
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120 min at 37°C in humidified air containing 5% CO,. Incubation time was previously
established by performing incubation time curves (Gomez-Lopez, 2011). Afterwards,
chemoattracted leukocytes were removed from the lower compartment and centrifuged at 500
x g for 5 min at room temperature. The pellet was fixed with 500 pL of OptiLyse® B Lysing
Solution (Beckman Coulter, USA) and counted by flow cytometry. The flow cytometer
(FACSCANTO 11, http:/flowcytometry.ualberta.ca/) was set to analyze the samples for 30 s,

which involved 10,000-100,000 events. The coefficient of variance of this method (inter and
Intra assay) is < 5%.

[00245] Flow cytometry

[00246] Blood taken by heart puncture was labelled with the following fluorochrome-
conjugated anti-rat mAb: CD45-Alexa Fluor 488 for total leukocytes (clone OX-1, #202205;
BioLegend, USA), OX43-PE for monocytes/macrophages (sc-53109; Santa Cruz
Biotechnology, USA), CD45R-PE for B cells (clone HIS24; #554881; BD Pharmingen,
USA), CDI161-Alexa Fluor 647 for NK cells (10/78; #203110; Biolegend) and CD3-
FITC/CD4-PC7/CD8-APC for T cells (clones 1F4, OX-38, OX-8; # PN A32909; Beckman
Coulter, USA). Additionally, we identified mast cells using a primary purified mouse anti-rat
Mast cells (clone: AR32AA4; #551770; BD Pharmigen) and a secondary rabbit anti-mouse
IgG,,-PE (sc-3765; Santa Cruz Biotechnology). Granulocytes were identified as CD45 ' 0X43
CD45R'CD161°CD3". Leukocytes were then fixed using 500 pL of Optilyse B (Beckman
Coulter), washed, and resuspended in 500 uL of 1X PBS to be analyzed by flow cytometry.
Phenotype of leukocytes was analyzed within the CD45" and CD3" region, respectively.
100247 RNA extraction, cDNA synthesis and RT-PCR real time

[00248] RNAlater was removed from the tissue samples and leukocytes by aspiration
or centrifugation, respectively. Total RNA was isolated from them using Trizol (Invitrogen,
USA) following the manufacturer’s instructions. Total RNA concentration was quantified
using the spectrophotometer ND-1000 (Thermo Fisher Scientific Inc, USA). Total RNA

concentration was determined with spectrophotometer at 260 nm optical density. The RNA
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purity was assessed by the optical density ratio 260 nm/280 nm (~2.0). cDNA was
synthesized from 500 ng of total RNA using the gScript™ c¢DNA SuperMix (Quanta
BioSciences, USA), following manufacturer’s instructions. Real time PCR (RT-PCR) was
performed using the SYBR Green FastMix (Quanta BioScience, USA) and the iCycler
apparatus (Bio-Rad, USA). Primers for rat chemokines and UAPs were designed using the
Primer Premier 5 software (Table 1, see Figure 21). The cDNA obtained was then used in
subsequent PCR reactions. Each reaction contained 1 pL of ¢cDNA (50 ng/uL), 10 pL of
SYBR green FastMix, 0.5 pL of forward primer (10 uM), 0.5 pL of reverse primer (10uM)
and sterile water In a total reaction volume of 20 pL. Real time RT-PCR was performed under
the following conditions: 10 min at 95 °C, followed by 40 cycles of 15 s at 95 °C and 1 min at
60-62 °C (Table 1, see Figure 21). To control for amplification of non-specific products, melt
curve analysis was performed following amplification by measuring fluorescence while
increasing temperature in 0.5 °C increments from 55 °C to 95 °C. No amplification of non-
specific products was observed with each set of primers. Standard curves for each gene were
generated by serial dilutions of pooled cDNA samples. The amplification efficiency for each
primer set was determined by converting the slope of the standard curve using the algorithm E
= 107" For each gene, the mean threshold cycle (from duplicate reactions) was corrected
for the efficiency of the reaction and expressed relative to a control sample for each
experiment. Rat chemokine and UAP levels were then expressed relative to Cyp levels (Pfaffl,
2001).

[00249] ELISAs

[00250] ELISAs for rat CXCLl (#RCNI100; R&D Systems, USA), CXCLI10
(#E90371Ra; USCN Life Science, CN) and CCL2 (#KRC1011, Invitrogen, USA) were
performed in protein extracts of tissues following manufacturer’s instructions. ELISAs for P4
(#PG1298-100, Calbiotech, USA) and E2 (#ES180S-100, Calbiotech) were performed in both
serum and protein extracts of tissues following the manufacturer’s instructions. The protein

concentration of protein extracts were measured with Protein Assay Reagent (Precision
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Red™, Cytoskelton, USA) at UV-vis 600 nm by the ND-1000. Chemokine and hormonal
concentrations were normalized with protein concentrations.

[00251] Statistical Analyses

[00252] The data were examined initially by the Shapiro-Wilk test for normal
distribution. When data were normally distributed, analysis of variance was performed where
variation was proportioned to gestational days. When a significant F value was obtained, post
hoc testing identified differences between gestational days. The Kruskal-Wallis and Mann—
Whitney U tests were used when the data were not normally distributed. Statistical analyses
were performed using SPSS (SPSS Inc, USA), version 18.0. A P value of < 0.05 was

considered statistically significant.

[00253] Results — I11
[00254] Leukocyte migration - chemotactic responsiveness
[00255] First, we investigated the onset of peripheral leukocyte migration or

chemotaxis during gestation in response to uterine and cervical extracts obtained at term.
Chemotaxis assays were performed using extracts from cervical and uterine tissues obtained
on GD22 and maternal peripheral leukocytes obtained on GD17, 20 and 22. The data show
that there is a uniform increase in leukocyte migration on GD20 compared to GDI17 in
response to term chemotactic signals from all three uterine segments and the cervix (p<0.05,
Fig. 15). This high leukocyte responsiveness was increased further at GD22 (p=0.024) in
response to chemotactic factors extracted from the upper uterus (Fig. 15A), maintained at a
high level in GD22 leukocytes responding to chemotactic cervical extracts, and returned to
GD17 levels when GD22 leukocytes were tested against GD22 middle and lower uterine
segment extracts (Fig. 15B, C. These data identify peripheral leukocyte activation or
chemotaxis as among the earliest known events associated with the birth cascade. They also
suggest that different chemotactic signals emanate from the different uterine regions and
cervix and that the population of peripheral leukocytes is changing either in numbers of cells

or their responsiveness to chemotactic signals (or both).
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[00256] Leukocyte activation — expression of chemokines

[00257] In addition to demonstrating the early activation of peripheral leukocytes in
terms of chemotaxis, we ascertained whether there are other signs of early activation of
leukocytes. We next studied the expression of chemokines by peripheral leukocytes (Fig. 16).
It is evident that ccl? expression in peripheral leukocytes is increased significantly (p<0.02,
Kruskall-Wallis, Fig. 2A) between GD17 and 20 and maintained until GD22, but that neither
cxcll nor cxcll0 significantly changed (Fig. 16B, C (not significant), and indeed it appears

that mean levels of cxc/l0 decrease.

[00258] We also determined the mRNA expression of FP and OTR in leukocytes from
these gestational ages; there were no significant differences (data not shown).

[00259] Leukocyte subsets - maternal peripheral circulation

[00260] Given that we demonstrated an early responsiveness between GD17 and 20 of

peripheral leukocyte migration to term uterine chemotactic factor, and that peripheral
leukocytes increase their expression of ccl2 at this time, the possibility exists that individual
leukocyte populations could be changing in the maternal peripheral circulation in late
gestation. Such changes could be early events in the birth cascade for labour. Some
significant changes in the proportions of leukocyte subsets in the maternal periphery were
found (Fig. 17). Monocytes decreased from GD17 to 20 (p = 0.008) but then increased to
GD22 (p = 0.032). B cells decreased from GD17 to 20 (p = 0.016), and their proportions
remained stable. Between GD 20 and 22 T cells decreased (p = 0.032 and 0.016, relative to
GD20 and 17, respectively), but granulocytes increased (p = 0.016 and 0.032, Fig. 17A).
[00261] Maternal-fetal tissue activation — expression of chemotactic factors

[00262] We investigated the time-course of chemotactic factor expression by the
maternal-fetal tissues during late gestation. Chemotactic activity assays were performed using
chemotactic factors extracted from maternal-fetal tissues from GDs 17, 20 and 22 in late
pregnancy and leukocytes obtained on GD22. The upper uterine segment showed higher

leukocyte chemotactic activity on GD22 than on 20 and 17 (»=0.005 and 0.009, Fig. 18), and
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this increase was higher than in other segments (p<0.05, ~4 fold increase, Fig. 19). On GD 17,
the middle uterine segment had slightly higher leukocyte chemotactic activity than on GD20
and 22 (p=0.002 each, Fig. 18). In the lower uterine segment there were no significant
differences in the leukocyte chemotactic activity (Fig. 18). The cervix had the highest overall
chemotactic activity (p<0.05, which reached a peak on GD 20, but this was not greater than
earlier or later in gestation in cervix, and the fetal membranes and placenta had the lowest
chemotactic activities of all tissues and showed no changes in late gestation (data not shown).
[00263] P4 and E2 concentrations in serum and tissues

[00264] We observed the classical shift in the steroid hormone concentrations as
evidenced by a P4 fall and E2 rise, which occurred between GD 20 and 22 in peripheral
serum, cervix and all uterine regions for P4 (p <0.014; Fig. 19A-C); whereas E2 levels tended
to increase from GD20 to 22, but this increase was significant only in uterus (p<0.039) (Fig.
23D-G).

[00265] Maternal uterine activation - UAP expression

[00266] We correlated these immunological and steroid hormone changes with the
expression of two key UAPs, Fp and Otr, which are ultimately responsible for preparing the
uterus for labour and delivery. In the upper uterine segment, Fp levels increased early and
significantly between GD 17 and 20 (p = 0.045, Fig. 21 A), and they continued to increase to
GD22 although they were not significantly different. In both middle and lower segments, its
levels increased later, between GD20 and 22 (p=0.013 and 0.006 each for GD 20 and 17,
respectively, Fig. 21 B,C). Uterine Ot levels increased consistently in each uterine segment
from GD20 to 22 (p=0.027, 0.001, and 0.0001, respectively; Fig. 21D-F).

[00267] Discussion — 11

[00268] The data of this study demonstrate that the maternal peripheral leukocytes
display some of the earliest changes (by GD20) that precede parturition in the Long-Evans rat.
The most telling of these is their ability to increase their migration through a Boyden chamber

in response to a term uterine or cervical chemotactic stimulus. Next is the ability to increase
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their expression of c¢c/2, and early changes in the relative proportions of monocytes, B cells
and granulocytes. Later, between GD 20 and 22, further changes occur in leukocytes, serum,
uterus, cervix, fetal membranes and placenta (some data now shown). These include
increased activity of chemotactic factors and expression of specific chemokines, changes in
tissue and circulating levels of steroids, and the up-regulation of UAPs. These data indicate
that the activation of maternal peripheral leukocytes is an early step in the birth cascade.
Subsequent steps could include the invasion of uterine tissues by activated leukocytes where
they contribute to creating local inflammatory microenvironments that promote parturition
through stimulation of chemokines and chemokine activity and the stimulation of UAP
expression.

[00269] The Long-Evans rat is an appropriate model for studying the relationships
between peripheral leukocyte activation, chemokine activity, and uterine activation. (Denucci
et al., 2010; Faraji et al., 2011; Paris et al. 2010). Unlike the Sprague-Dawley rat [BF
Mitchell et al.; E Hirsch et al.], the Long-Evans rat is sensitive to administration of interleukin
(IL)-1B on GD17 in that it delivers 36h early and specific antagonism of the IL-1 receptor I
delays term delivery by 17h (unpublished data). Another advantage over the Sprague-Dawley
rat model is that the Long-Evans dam is 50% or more larger thereby facilitating collection of
blood and tissues.

[00270] The Boyden chamber migration assay is a very sensitive technique for
assessing leukocyte responsiveness to chemotactic signals. To our knowledge, this is the first
time it has been used in an animal study with the purpose of delineating temporal events in the
birth cascade. Here we used term chemotactic activity extracted from various tissues and
tested it against leukocytes collected at different times in late gestation to demonstrate the
changing attractiveness of leukocytes to the same chemotactic signals as gestation progressed.
[00271] The upper uterine segment and the cervix are interesting not only in their
respective roles in parturition (contraction vs. softening and effacement), but each produced

term chemotactic activity that attracted more leukocytes on GD20 than GD17. Further, the
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upper uterine segment saw a significant increase in FP mRNA expression on GD20. These
changes in upper uterus and cervix did not correlate well, however, with mRNA or protein
expression of three key chemokines, CCL2, CLCLI1, or CXCL10 in these same tissues. Hence
in upper uterus and cervix, either the composition of the chemotactic extracts is unique to
each tissue or uterine segment and to changing gestation and/or the responsiveness of
peripheral leukocytes to these factors is dynamic and changes rapidly in late gestation.

[00272] The data show that the uterine segments have differential leukocyte
chemotaxis. We demonstrated that at term of pregnancy, the upper uterine segment has high
leukocyte infiltration.

[00273] In conclusion we demonstrated that the maternal peripheral leukocyte
activation as defined by migration to term chemotactic stimuli, expression of cc/2, and
changes in relative proportions in peripheral blood, precedes uterine tissue chemotactic
activity expression, or the changes in steroid hormone concentrations and UAPs typical of the

termination of pregnancy.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTYOR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: obtaining peripheral leukocytes from said pregnant subject; and determining a
chemotactic activity of said leukocytes, wherein an increased likelihood of term delivery
is indicated when said chemotactic activity of said leukocytes is at a level characteristic of
a full term pregnancy.

2. A method for determining the likelthood of a pregnant subject undergoing preterm
delivery, comprising: obtaining peripheral leukocytes from said pregnant subject prior to
about week 37 of pregnancy; and determining a chemotactic activity of said leukocytes,
wherein an increased likelihood of preterm delivery is indicated when said chemotactic
activity of said leukocytes is at a level characteristic of a full term pregnancy.

3. A method for determining the likelihood of a pregnant subject developing a disorder
associated with pregnancy, comprising: obtaining peripheral leukocytes from said
pregnant subject prior to about week 37 of pregnancy; and determining a chemotactic
activity of said leukocytes, wherein an increased likelihood of developing said disorder
associated with pregnancy is indicated when said chemotactic activity of said leukocytes
is at a level characteristic of a full term pregnancy.

4. The method of claim 3, wherein said disorder associated with pregnancy is preterm
delivery, preeclampsia, preterm premature rupture of membranes, or placental abruption.

5. The method of anyone of claims | - 4, wherein determining said chemotactic activity
comprises measuring migration of said leukocytes towards a chemoattractant.

6. The method of claim 5, wherein said chemoattractant is a factor present in a sample
comprising choriodecidua extract, or fetal membrane extract, wherein each said extract is

obtained from a full term pregnancy subject.

_54 -



10

15

20

25

10.

11.

12.

WO 2012/097451 PCT/CA2012/000068

The method of claims 5, wherein said chemoattractant comprises a factor present within a
sample comprising a uterine extract or a cervical extract; wherein each said extract is
obtained from a full term pregnancy subject.

The method of claim 7, wherein said uterine extract comprises an upper uterine extract, a
middle uterine extract, a lower uterine extract, or a cervical extract.

The method of anyone of claims | to 8, wherein said leukocyte is a granulocyte, T-
lymphocyte, monocyte, NK cell, or B-lymphocyte.

A method for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: obtaining a sample from a pregnant subject, contacting the sample with a
reagent to a biomarker, to form a complex between the agent and the biomarker present in
the sample; measuring the complex formed to determine the amount or concentration of
said biomarker in the sample; wherein an increased likelihood of term delivery is
indicated when said biomarker is at a level characteristic of a full term pregnancy.

A method for determining the likelihood of a pregnant subject undergoing preterm
delivery, comprising: obtaining a sample from a pregnant subject prior to about week 37
of pregnancy; contacting the sample with a reagent to a biomarker, to form a complex
between the agent and the biomarker present in the sample; measuring the complex
formed to determine the amount or concentration of said biomarker in the sample; wherein
an increased likelihood of preterm delivery is indicated when said biomarker is at a level
characteristic of a full term pregnancy.

A method for determining the likelihood of a pregnant subject developing a disorder
assoctated with pregnancy, comprising: obtaining a sample from a pregnant subject prior
to about week 37 of pregnancy, contacting the sample with a reagent to a biomarker, to
form a complex between the agent and the biomarker present in the sample; measuring the
complex formed to determine the amount or concentration of said biomarker in the

sample; wherein an increased likelihood of developing said disorder associated with
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pregnancy is indicated when said biomarker is at a level characteristic of a full term
pregnancy.

The method of any one of claims 10 — 12, wherein said biomarker comprises a protein, a
gene, or a mRNA.

The method of claims 13, wherein said mRNA comprises ccl2 mRNA.

The method of any one of claims 10 - 14, wherein said sample comprises leukocytes.

The method of claims 14, wherein said sample comprises an upper uterine extract, a
middle uterine extract, a lower uterine extract, a fetal membrane extract, or a placental
extract.

The method of claims 13, wherein said protein comprises a uterine activation protein
(UAP).

The method of claim 17, wherein said UAP comprises Fp and said sample comprises an
upper uterine extract.

The method of claim 17, wherein said UAP comprises Otr and said sample comprises an
upper uterine extract, a middle uterine extract, or a lower uterine extract.

The method of any one of claim | — 19, wherein said subject is a human.

A kit for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: a reagent for determining a chemotactic activity of leukocytes from said
pregnant subject; and instructions for the use thereot, wherein an increased likelihood of
term delivery is indicated when said chemotactic activity of said leukocytes is at a level
characteristic of a full term pregnancy.

A kit for determining the likelihood of a pregnant subject undergoing preterm delivery,
comprising: a reagent for determining a chemotactic activity of leukocytes from a
pregnant subject prior to about week 37 of pregnancy; and instructions for this use thereof,
wherein an increased likelihood of preterm delivery is indicated when said chemotactic

activity of said leukocytes is at a level characteristic of a full term pregnancy.
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A kit for determining the likelihood of a pregnant subject developing a disorder associated
with pregnancy, comprising: a reagent for determining a chemotactic activity of
leukocytes from a pregnant subject prior to about week 37 of pregnancy; and instructions
for the use thereof, wherein an increased likelihood of developing said disorder associated
with pregnancy is indicated when said chemotactic activity of said leukocytes is at a level
characteristic of a full term pregnancy.

The kit of claim 26, wherein said disorder associated with pregnancy is preterm delivery,
preeclampsia, preterm premature rupture of membranes, or placental abruption.

The kit of anyone of claims 22 - 24, wherein determining said chemotactic activity
comprises measuring migration of said leukocytes towards said reagent, wherein said
reagent comprises a chemoattractant.

The kit of claim 25, wherein said chemoattractant is a factor present in a sample
comprising choriodecidua extract, or fetal membrane extract, wherein each said extract is
obtained from a full term pregnancy subject.

The kit of claims 25, wherein said chemoattractant comprises a factor present within a
sample comprising a uterine extract or a cervical extract; wherein each said extract is

obtained from a full term pregnancy subject.

. The kit of claim 27, wherein said uterine extract comprises an upper uterine extract, a

middle uterine extract, a lower uterine extract, or a cervical extract.

The kit of anyone of claims 21 to 28, wherein said leukocyte is a granulocyte, T-
lymphocyte, monocyte, NK cell, or B-lymphocyte.

A kit for determining the likelihood of a pregnant subject undergoing term delivery,
comprising: a reagent for measuring the amount or concentration of a biomarker in a
sample a pregnant subject; and instructions for the use thereof, wherein an increased
likelihood of term delivery is indicated when said biomarker is at a level characteristic of

a full term pregnancy.
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31. A kit for determining the likelihood of a pregnant subject undergoing preterm delivery,
comprising: a reagent for measuring the amount or concentration of a biomarker i a
sample from a pregnant subject prior to about week 37 of pregnancy; and instructions for
the use thereof, wherein an increased likelihood of preterm delivery is indicated when said
biomarker is at a level characteristic of a full term pregnancy.

32. A kit for determining the likelihood of a pregnant subject developing a disorder associated
with pregnancy, comprising: a reagent for measuring the amount or concentration of a
biomarker in a sample from a pregnant subject prior to about week 37 or pregnancy,
wherein an increased likelihood of developing said disorder associated with pregnancy is
indicated when said biomarker is at a level characteristic of a full term pregnancy.

33. The kit of any one of claims 30 — 32, wherein said biomarker comprises a protein, a gene,
or a mRNA.

34. The kit of claims 33, wherein said mRNA comprises ccl2 mRNA.

35. The kit of any one of claims 30 - 34, wherein said sample comprises leukocytes.

36. The kit of claims 34, wherein said sample comprises an upper uterine extract, a middle
uterine extract, a lower uterine extract, a fetal membrane extract, or a placental extract.

37. The kit of claims 33, wherein said protein comprises a uterine activation protein (UAP).

38. The kit of claim 37, wherein said UAP comprises Fp and said sample comprises an upper
uterine extract.

39. The kit of claim 37, wherein said UAP comprises Otr and said sample comprises an upper
uterine extract, a middle uterine extract, or a lower uterine extract.

40. The kit of any one of claims 21 — 39, wherein said subject is a human.
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FIGURE 7
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FIGURE 8

Fetal membranes exhibit leukocyte chemotactic

activity
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FIGURE 10
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FIGURE 11

Collection of Leukocytes
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FIGURE 12
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FIGURE 13
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FIGURE 15
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FIGURE 16
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FIGURE 17
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FIGURE 18
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FIGURE 21
Table 1. Primers used for RT-PCR
Gene Primers Optimal NCBI?
Temperatur Reference
e (°C) Sequences
Cxcl11  f:5-gca CCC AAA CCG AAG TCA-3 60
r: 5-AAG CCA GCG TTC ACC AGA-3
Cxcl10 f:5- GGT GAG CCA AAG AAG GTC-3’ 60
r: 5-ACA CTG GGT AAA GGG AGG-3’
Ccl2 f:5-GCA GGT GTC CCA AAG AAG-3 60
r: 5-TCA AAG GTC CTG AAG TCC-3'
Fp f: 5-CTGGCCATAATGTGCGTCTC-3’ 60 NM-013115.1
r: 5-TGTCGTTTCACAGGTCACTGG-3’
Otr f: 5-CGATTGCTGGGCGGTCTT-3’ 62 AF25727 1
r: 5-CCGCCGCTGCCGTCTTGA-3’
Cyp f: 5-CACCGTGTTCTTCGACATCAC-3 60 NM-017101

r: 5-CCAGTGCTCAGAGCTCGAAAG-3’

ahttp://www.ncbi.nim.nih.gov
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1. [ ] Claim Nos.:

because they relate to subject matter not required to be searched by this Authority, namely :

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

continued on extra sheet

1. [ ] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. | ] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite

payment of additional fees.

3. [ ] Asonly some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. [X] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. : 1-9, 20-29 and 40

Remark on Protest [ ]| The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Continuation of Box No. III:
Group A: claims 1-9, 21-29 (fully) and 20, 40 (partially)

A method of determining the likelihood of a term/preterm delivery or disorder during pregnancy in a pregnant subject
involving the measurement of the chemotactic activity of peripheral leukocytes as well as a kit for performing said method.

Group B: claims 14, 16, 34, 36 (fully) and 10-13, 15, 20, 30-33, 35, 40 (partially)

A method for determining the likelihood of a term/preterm delivery or disorder during pregnancy in a pregnant subject
involving the measurement of ccl2 mRNA expression as well as a kit for performing said method.

Group C: claims 18, 38 (fully) and 10-13, 15, 17, 20, 30-33, 35, 37, 40 (partially)

A method of determining the likelihood of a term/preterm delivery or disorder during pregnancy in a pregnant subject
involving the measurement of the expression of the Fp protein in an upper uterine extract as well as a kit for performing said
method.

Group D: claims 19, 39 (fully) and 10-13, 15, 17, 20, 30-33, 35, 37, 40 (partially)

A method of determining the likelihood of a term/preterm delivery or disorder during pregnancy in a pregnant subject
involving the measurement of the expression of the Otr protein in upper, middle or lower uterine extracts as well as a kit for
performing said method.

Biomarkers for predicting disorders in pregnancy and preterm birth are known in the art: for example, Carty et al., “Novel
biomarkers for predicting preeclampsia”, Trends in Cardiovascular Medicine, vol. 18, pp. 186-194, July 2008 (07-2008) and
Shah et al., “Identification and quantification of preterm birth biomarkers in human cervivovaginal fluid by liquid
chromatography/tandem mass spectrometry”, Journal of Proteome Research, vol. 8, pp. 2407-2417, 9 March 2009 (09-03-
2009). Therefore, there is no special technical feature that renders all claims part of the same invention. Each different
biomarker for pregnancy disorders or preterm birth defines a different invention.

Form PCT/ISA/210 (extra sheet) (July 2009) Page 5 of 5




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - wo-search-report
	Page 83 - wo-search-report
	Page 84 - wo-search-report

