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METHODS AND KITS FOR PREDICTING RISK FOR PRETERM LABCR

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This appilication is a [non-U.S.] National Patent Application that relates to U.S.
Patent Application Serial Number 11/874,717, filed on 18 Qctober 2007.

BACKGROUND OF THE INVENTION
(1) Fieid Of the Invention

{0002] The invention relates generally to the diagnosis of an increased risk for pre-term
delivery during pregnancy. More specifically, the invention retates to methods and
kits useful in the prediction of preterm cervical softening.
{2) Description Of the Related Art

[0003] Preterm tabor, and subsequent delivery of premature infants, continues to remain

a major cause of infant mortality and morbidity, as well as a serious economic
burden on society. Premature softening of the uterine cervix during pregnancy
results in premature cervical dilatation {(ocpening) and effacement (thinning), and puts
pregnant women at high risk of premature delivery. Currently there is no diagnostic
method to predict premature dilatation of the cervix, and, therefare, the high-risk of
preterm delivery can not be predicted in asymptomatic pregnant women.

[0004] While great strides have been made to decrease infant mortality, there has been
little advancement in combating premature labor. Premature labor is now the leading
factor in determining infant mortality. In North America, approximately one in ten
pregnancies is complicated by preterm delivery. For example, the results of a
multicenter trial spanning several years showed that infants born prematurely, i.e.,
between 20 and 36 weeks gestation, accounted for 9.6% of births (Cooper et at.
Amer. J. Obstet. Gynecol. 168: 78, 1993). While there are many identified causes of
preterm labor, such as infection and multiple gestation, for many patients the cause
is unknown. There has been litile advancement in recent decades to develop a
method of accurately predicting and treating pre-term labor.

{0005] Babies born prematurely consume substantial health care resources. The
hospitalization cost of preterm births is estimated to exceed $11 billion annually, The
principle short term cost of these births is neonatal intensive care, time spent in the

hospital by the parents, social workers and support staff for these parents, loss of
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sarmings and increased travel expense. The long term cost of these premature births
relates to the downstream effects of premature birth, such as long term health and
developmental problems, increased risk of mental and physical handicap, which can
impact both the child’s and parent's earning potential.

{0008] Diagnosis of preterm labor and delivery has continued to be problematic.
Currently there are two categories of preterm labor assessment; traditional diagnosis
and biomarkers. While each has its advantages both are still relatively poor at
differentiating false preterm Iabor. Traditional diagnosis includes evaluation of the
frequency of uterine cortractions, status of the membranes, dilatation and
effacement of the cervix, and gestational age. Clinical preterm labor is defined as
progressive cervical dilatation, effacement, or both, with regular contractions leading
to birth before 37 weeks gestation.

{0007] Cervical changes are aiso traditional indicators of preterm delivery. Cervical
changes include a reduction in effacement, and dilatation. When a cervix has a
tength of less than 1 cm and a dilatation of 2 em or more, and regular contractions
are occurring, preterm labor is diagnosed. However meta-analysis has shown that
these criteria are only 50% predictive of preterm birth. Cervical length of less than
1.5cm before 30 weeks gestation was found 1o be a significant predictor of preterm
tabor. However, after 30 weeks this measurement is an unreliable predictor. Cervical
effacement of more than 80% was also a strong predictive factor. However,
assessment of contraction frequency, regularity, duration, and ievel of perceived pain
does not reliably distinguish preterm labor,

Biomarkers in Predicting Preterm Labor

(0008} Presently, several biomarkers are used 1o attempt to predict preterm labor
sufficiently in advance o prevent preterm delivery. Those biomarkers include fetal
fibronectin, salivary estriof, decidual proteins, and endocrine/paracrine markers. Two
of these biomarkers have been thoroughly studied. Fetal fibronectin (Terao, et al.
5,650,394} and salivary estriol have been studied in some detail, and fetai fibronectin
is commercially available. The fetal fibronectin test, currently on market as fFN
(Adeza Biomedical /RassProducts Division Abbott Laboratories, Inc), is based on the
detection of fetal fibronectin {a fetal-specific glycoform of fibronectin) from vaginal
secretions. Current tests are based on the ELISA technigue. The theory behind that

test is that increased amounts of fetal fibronectin found in vaginal secretions signals
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the disturbance of the junction of the fetal membranes and the placenial deciduas,
and, therefore, an impending delivery. In symptomatic pregnant women, the test has
limited effectiveness (58% sensitivity) to predict preterm delivery before the
completion of 37 weeks gestation (33). However, the test has befter predictive value
for deliveries occurring within 1 week of the test (90% sensitivity) (34). Another
value of this test is the ability to exclude the possibility of preterm delivery (85%
specificity) (35). Thus, in asymptomatic pregnant women {low-risk of preterm
delivery) the fetal fibronectin test has low sensitivity, but high specificity for predicting
preterm delivery scon after the testing.

Biomechanical Properties of Cervix

10008} Cervical softening is a gradual physiological process that alters the mechanical
properties of uterine cervix in preparation for dilatation and effacement. The uterine
cervix, which is the connective tissue-rich sphincter at the overlapping boundary of
the ulerus and the cervix, functions to ensure the retention of the conceptus in the
uterus during pregnancy. In the non-pregnant stage, or very early in pregnancy, the
lumen of the cervix is very narrow, and the cervix is able to resist mechanical force to
open it. By the end of the pregnancy, however, the cervix becomes highly extensible
in order to dilate and efface to alow the passage of the newborn through the birth
canal. The graduai increase in extensibility (a.k a. cervical softening) begins early in
pregnancy, and accelerates as pregnancy progresses toward the late stage in the
third trimester {8-11). However, the cervix in this late siage is still able o function as
a sphincter to retain the conceptus (12-14). The sofiening stage is followed by the
effacement and dilatation stage, which is characterized by increased neutrophit
infiltration {15, 16}, increased prostaglandin production (17}, increased nitric oxide
production (18), increased p%otease activity with concomitant matrix degradation
(19), and increased levels of cytokines in the cervix (16). Although the molecular
bases of the effacement and dilatation stage are better understood, having this
knowledge has not improved the management of the uterine cervix at the time of
preterm delivery,

[0C010] Remodeling of the stromal extracellular mafrix is ceniral to physiological cervical
softening. Cervical stromal extracellular matrix is composed of types | and i
coltagens, proteoglycans, elastin, hyaluronan, and structural glycoproteins (4, 15,
18). This matrix can be considered a fiber-reinforced composite material with load-

3
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bearing types | and Ilj collagen fibers embedded in a viscous matrix of proteoglycans
and hyaluronan (20). Altering the alignment of the load-bearing elements, or their
degree of dispersal in the matrix changes the mechanical properties of composite
materials (21). Ample evidence supports the current concept that cervical stromal
extracellular matrix is extensively remodeled during pregnancy. The collagen fibers
and bundles are progressively dissociated and disorganized during cervical softening
in mice (22}, rats, (23, 24), guinea pig (25), sheep (26), and human (27, 28).
Changes in collagen fibril-associated proteins, such as decorin and fibromodulin
have been found to correlate with increased cervical extensibility (9, 29, 30). The
foss in the degree of collagen crosslinking can also contribute to the increased
disorganization of the cervical stroma during pregnancy (31).

{00011] According to chservations made in inventor's laboratory, thrombospondin 2 plays
a role in the maintenance and transformation of the biomechanical properties of the
cervix. Thrombospondin 2 (TSP2} is a multimeric extracellular matrix glycoprotein
that is capable of a wide variety of molecular interactions (48, 49), and is functionally
distinct from TSP1 (50). Studies of TSP2-null mice have shown that a lack of TSP2
was associated with an altered morphaology of fibrillar collagen fibers in skin and
tendon (651), and with a corresponding decrease in tensile strength of those tissues.

[00012] Preliminary studies of a TSP2-null mouse, which were conducted in inventor's
taboratory, demonstrated a premature cervical softening phenotype. As discussed in
a recent paper from inventor's laboratory (32), by day 14 of pregnancy, the TSP2-
nuii mice showed a 4.5-fold increase in cervical extensibility, and by day 18, a 6.1-
fold increase, when compared to wild-type mice at the corresponding stages of
pregnancy, Western blotting of wild-type cervices showed that TSP2 expression
was detected on day 14 and day 18 of pregnancy, but not on day 10 or in non-
pregnant cervices, indicating that TSP2 expression is correlated to the
biomechanical status of the cervix. Additionally, immunohistochemical studies
showed that levels of MMP2 in the uterine cervix increased 11-fold on day 14 and
19-fold on day 18 of pregnancy.

f00013] Despite all these investigations and observations, it still remains unclear what is
the molecular basis of premature cervical softening and dilatation. This is due in
large part to the difficuity of obtaining biopsies of human cervix from high-risk
pregnancies, and to the absence heretofore of an animal mode! with spontaneous

premature cervical softening. This lack of experimental systems has made it
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impossible to identify key molecular markers of cervical softening and to construct an
appropriate diagnostic kit.
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SUMMARY OF THE INVENTION

[00067] The inventor has mads the surprising and important discovery that a collagen
fibril associated protein is involved in changes in the cervix during pregnancy in
humans. Thus the inventor envisions that coliagen fibril associated proteins,
glycosaminoglycans, glycosaminoglycan-associated proteins, and other extraceliular
matrix components, inciuding structural as well as remodeling and regulatory

components (e.g., matrix metaloproteinases ("MMPs")) can serve as biomarkers in
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the prediction of preterm cervical softening and the risk for preterm labor in
mammals, including humans.

[00068] Thus, the invention is directed to a method of predicting preterm labor in a
pregnant woman comprising the steps of obtaining a lower uterine/cervical sample
from the pregnant woman, assessing the level of an extracellular matrix component
{a.k.a. biomarker) in the sample, comparing the level of the extraceliular matrix
component to a control standard or a baseline standard, and predicting the risk for
preterm cervical softening and preterm labor. The iower uterine/cervical sampie can
be a lower uterine tissue biopsy, a cervical secretion, or a vaginal secretion.
Preferably, the sample is a cervical secretion, which can be obtained non-invasively
with a swab.

[{00069] Preferred extracellular matrix components include thrombospondin 2 (“TSP2"),
hyaluronic acid (*HA”), matrix metalloproteinase 2 (‘“MMP2"}, matrix
metalioproteinase 12 ("MMP12"), decorin, lumican and fibromodulin. More preferred
extracellular matrix components include TSP2, HA MMP2 and MMP12. Table 1
provides a list of biomarkers useful in the assessment of the siate of cervical
softening and the risk for preterm cervical softening.

[00070] The control standard can be a standard amount or a dilution series of an
extracelular matrix component. A baseline standard can be a protein or other
biomolecules that is constitutively (i.e., not specifically associated with progression of
pregnancy) present in lower uterine cells, such as for example actin, glyceraldehyde
phosphodehydrogenase ("GAPDH") and the like. The extraceilular matrix
component can be detected and quantified using any specific biomolecular
recognition assay known in the art, such as an antibody assay, an aptamer assay, a
ligand-receptor assay and an allosteric enzyme activity assay. A standard antibody
assay can be ELISA, western blotting, dot-blotting, RIA, antibody sandwich assay,
antibody capture assay, antigen capture assay and the like. One or more
biomarkers can be assessed in the method. In an alternative aspect of this
embodiment, multiple biomarkers can be assessed and a diagnostic decision can be
made based upon a multiplicity of signals.

Table 1: Useful Biomarkers for Assessing Cervical Softening / Risk for Preterm
Delivery

10
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Lumican, fibromodulin, decorin, keratocan, PRELP biglcan, mimecan, serglycin,
perlecan, agrin, versican, link proteins, CD44, TSG-6, bikunin, inter alpha trypsin
inhibitor, hyaluranan synthases, hyaluronidases, elastin, fibulins, fibrillins, tenascin X,
| heparan sulfate, keratan sulfate, chondroitin suifate, dermatan sulfate, heparanase,
lysyl oxidase, type V collagen, type VI collagen, type Xl collagen, type XIV collagen,
type XVIil collagen, type XX collagen, calreticulin, CD47, syndecans, glypicans,
lipoprotein receptor-like protein (LRP), ADAM and ADAMTS proteases, E-selectin, L-
selectin, platelet factor 4, transforming growth factors beta 1, 2 and 3 (TGF-R),
epidermal growth factor (EGF), keratinocyte growth factor (KGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor (HGF), fibroblast growth
factors (FGF) 1 and 2, and platelet derived growth factor (PDGF).

{00071] in yet another embodiment, the invention is directed to a preterm labor test kit
which can detect and quantify a biomarker that is associated with risk for preterm
cervical softening and preterm labor. In one embodiment, the kit comprises in a first
part, which is used in a clinical setting, a swab to obtain vaginally a cervical secretion
sample from a pregnant woman, and a buffer. The kit comprises in a second part,
which is used in a diagnostic setting, a mechanical support (e.g., membrane, test
tube, Petri plate, multiwell plate, or the like), and a first agent that specificaily
recognizes a biomarker. In a preferred embodiment, the kit comprises in the second
part a second agent, a signaling molecule, wherein the signaling molecule is linked
to the second agent, and opticnally a biomarker to serve as an internal control. An
agent {whether first or second) may be an aptamer, a ligand, a receptor, a substrate
of an enzyme, a product of an enzyme, an allosteric regulator, an antibody, or a
fragment of any thereof, which can bind specifically to the biomarker. In the case of
a second agent, the second agent can specifically bind to either a first agent, a
biomarker, or both. A preferred first agent is an antibody or antibody fragment that
binds specifically to a biomarker. A preferred biomarker is one or more of the
following: Decorin, TSP2, MMP2, MMP12 and HA. A signaling molecule can be a
furinescent moiety (e.g., fluorescent tag), an enzyme (e.g., HRP or alkaline
phosphatase), a radiolabel (e.g., '*1), high affinity moiety (e.g., biotin), or the iike. In
another aspect of the kit embodiment, the kit may comprise, in a single part, a swab
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to obtain vaginally a cervical secretion sample from a pregnant woman, a buffer, a
mechanical support, a first agent, a second agent, and a control biomarker (supra).

in another embodiment of the present invention, the kit for the guantification of a
biomechanical associated marker is accomplished by measuring the amount of
nucleic acid molecules coding for a biomechanical associated marker in the cervical
secretion sample,

In one embodiment of the invention, the nucieic acid molecule to be measured is
DNA.

in another embediment of the present invention, the nucleic acid molecule to be
measured is RNA

in one embodiment of the invention, the nucleic acid molecuie to be measured is
cDNA.

in yet another embodiment the invention is drawn to a method for determining the
risk for preterm [abor in a pregnant patient, the method comprising the steps of (a)
obtaining a cervical secretion sample from a patient, preferably using a swap, (b)
placing the swap containing the cervical secretiocn sample into a buffer, (¢} subjecting
the buffer, which contains various biomarkers, {o a quantitative immunoassay, (d)
determining the relative amounts of one or more biomarkers associated with cervical
softening in the sample, and (e) and assessing the risk for preterm labor, based
upon those relative amounts. By relative amount of biomarker, what is meant is that
the amount of biomarker in a sample is guantified relative to the amount of a
baseline control marker in the sample. The bassline control marker is a marker
whose level does not change, or changes very little over the course of pregnancy
progression. In a preferred embodiment, the sample is taken in a clinical
environment, e.g. the doctor’s office, placed into the buffer, which helps tc maintain
the integrity of the biomarkers and baseline control markers in the sample, and
transported to a laboratory testing facility. At the laboratory facility, the sample is
processed, e.g., as in a quantitative immunecassay or similar-in-principle
biomolecular assay, and the one or more biomarker is quantified relative to one or
more baseline control marker. The risk for preterm labor is determined based upon
the relative amount of one or more biomarker and that risk is communicated to the
patient and/or patient’s health care worker.

in a preferred aspect of both the kit and method embodiments, an increase in

MMP12, Decorin or TSP2, either alone or in combination with one or more of angther
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biomarker, significantly above baseline levels, indicates an increased risk for preterm
labor. Baseline levels means the average normatized optical density (in arbitrary
units as described herein [infra]) of any one or more of the biomarkers expressed in
cervical secretions of women who deliver at term. Optical density may be expressed
in arbitrary units. Preferably, the preterm positive levels are at least one standard
deviation above the normal baseline levels of at least one biomarker. By any one or
more, what is meant is that TSP2 alone or in combination with either Decorin,
MMP12, or any other biomarker set forth in Table 1 {infra) or multiple combinations
thereof, can be quantified and used to determine risk for preterm labor.

[00078] While it is envisioned by the inventors that the cervical samples can be obtained
at any point during pregnancy, preferred times to collect a sampie inciude 22 weeks
and 26 weeks of pregnancy. More samples at other times can be collected to
monitor those cases considered to be of greater risk of preterm labor. In another
aspect, since the invention is directed to ascertaining to some degree or other the
biomechanical status of the cervix, the test can be provided to a patient prior to
induction of labor to assess whether the cervix has the capacity to allow delivery.

[C0079] The inventor envisions that the above described cervical biomarker test may be
useful in other pregnancy-related assessment situations. For example, this
biomarker assay can be used tc monitor the effectiveness of therapy to inhibit {stop
or slow down} cervical softening and/or uterine contractions. Also the biomarker
assay can be used to assess the status of the cervix at anytime during pregnancy
(but it shall not be kmited to pregnancy situations only) For example, the biomarker
assay can be used to determine whether the cervix is sufficiently ready to deliver a
baby, such as prior to the administration of pitocin, thereby helping to mitigate
downstream problems. The skilled artisan, to which this invention is directed, may
reasonable see the applicability of this invention to myriad obstetrical and

gynecological tests.

BRIEF DESCRIPTION OF THE DRAWINGS
[00080] Figure 1 depicts a graph showing quantification of in situ staining levels of
thrombospondin 2 in lower uterine tissues from women at various stages of

pregnancy in weeks of gestation.
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[C0081] Figure 2 depicts a graph showing quantification of in situ staining levels of
decorin in lower uterine tissues from women at various stages of pregnancy in weeks
of gestation.

000821 Figure 3 depicts western blot strips showing the presence of protein extraceilular
matrix components in human cervical secretion samples.

[00083] Figure 4 depicts dot blot strips showing the presence of hyaluronic acid in human
cervical secretion samples.

[00084] Figure 5 depicts a bar graph of densitometry values for various extracellular
matrix components of human cervices as detected immunol'ogicaily by cervical swab
samples obtained from pregnant humans. TSPZ = thrombospondin 2, ADAMTS4 =
Alzheimer's disease associated thrombospondin type 1 motif 4, MMP3 = matrix
metalloproteinase 3, MMP1 = matrix metalloproteinase 1, MMP8 = matrix
metatloproteinase 8.

[C0085] Figure 6 depicts a bar graph of optical densitometry values for thrombospondin-2
(TSP2) levels for patients who had preterm deliveries versus those that delivered at
term. The optical densitometry values were normalized to total protein levels.

{00086] Figure 7 depicts a bar graph of optical densitometry values for Decorin levels for
patients who had preterm deliveries versus those that delfivered at term. The optical
densitometry values were normalized to fotal protein levels.

1000871 Figure B depicts a bar graph of optical densitometry values for MMP-12 levels for
patients who had preterm deliveries versus those that delivered at term. The optical
densitometry values were normalized to total protein tevels.

DESCRIPTION OF A PREFERRED EMBODIMENT

{00088] The inventors made the surprising discovery that extracellular matrix components
(e.g., thrombospondin 2, MMP2, MMP12, HA and decorin), which are involved in
modulating the biomechanical properties of cervix and lower uterine segment in
mammals, (1} are expressed differentially during the progression of pregnancy in
cervix and lower uterine segments of mammals, in particular humans, and (2) are
capable of being detected in cervical secretions. The inventors envision that these
and other extracellular matrix components, as well as other biomarkers that are
listed in table 1, can serve as biomarkers in the prediction of the risk for preterm
tabor in pregnant women and in the assessment of the readiness of a cervix for

delivery of a baby. Thus the invention is directed to methods of diagnosing and
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predicting the risk for preterm cervical softening and concomitant preterm labor in
women, as well as the assessment of the readiness of a cervix for delivery, and kits
that are useful in the diagnosis and prediction of preterm cervical softening and
concomitant preterm {abor in women, and in the assessment of the readiness of a
cervix for delivery. The method and kit comprise the use of one of more
biomarker(s}, which isfare demonstrated to be or are reascnably expected o be
associated with a change in the biomechanical properties of the cervix and/for lower
uterine segment. The biomarkers are preferably but not necessarily limited to
extraceliular matrix components selected from thrombospondin 2 (TSP2), decorin,
fibromodulin, lumican, hyaluronan (HA), matrix metalloproteinase 2 (MMP2, a k.a.
elastase), and matrix metalloproteinase 12 (MMP12).

[00089] In one embodiment of the present invention, a method for determining the risk of
a patient going into preterm labor comprises (a) obtaining a cervical secretion
sample from a pregnant patient; (b) detection the presence of a biomechanical
associated marker in the cervical secretion sample, wherein the biomechanical
associated marker is selected from the group consisting of thrombospondin 2 and
decorin and combinations thereof, and (c) correlating an increased level of the
biomechanical associated marker, as compared to a normalized baseline marker
level, to an increased risk of preterm labor.

100020] In another embodiment of the present invention, the method for determining the
risk of a patient going into preterm labor further comprising detecting the presence of
matrix metalloproteinase-12 and correlating an increased level of matrix
metalloproteinase-12 | as compared to a normalized baseline marker level, to an
increased risk of preterm labor.

{00091} tn ancther embodiment of the present invention, the method of determination of
the risk for preterm labor further comprises the determination fo an appropriate
treatment protocol for the patient, which includes at least one of the following
treatments: 1) physical relocation of the patient; i) administration of drug therapy to
the woman; iii) recommendation of a behavioral change to the patient; and iv) closer
monitoring of the patient.

[0C092] In one embodiment of the invention, the drug therapy to be administered to the
patient is progesterone or derivatives of progesterone. Examples of derivatives of

progesterone include, but are not limited fo, micronized progesterone, injected 17-
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OH progeseterone and oral medroxyprogesterone acetate. The progesterone can
be delivered to the patient vaginally, sublingually or rectaliy.

{00093] In another embodiment of the present invention, the drug therapy to be
administered to the patient is a compound that stimulates or blocks uterine
confractions. Preferably, the compound that stimulates uterine contractions is
pitocin or oxytocin, and the compound that inhibits uterine contractions is an oxytocin
analogus.

{00094] In another embodiment of the present invention, the method of determination of
the risk for preterm labor, specifically the detection of a biomechanical associated
marker, is accomplished by measuring the amount of nucleic acid molecules coding

for the biomechanical associated marker in the cervical secretion sample.

[00095] In one embodiment of the invention, the nucleic acid molecule to be measured is
DNA.
[00096] In another embodiment of the present invention, the nucleic acid moleculs to be

measured is RNA.

[GO0S7] in one embodiment of the invention, the nucleic acid molecule to be
measured is cDNA

[00098] As discussed herein (supra), the methods and kits can utilize an antibody- or
aptamer-based assay to determine the relative amounts in a biological sample of a
biomarker that reflects the condition of the lower uterine segment or cervix of a
pregnant woman. The bioclogical sample can be a tissue biopsy (caervix or lower
uterine segment}, a cervical secretion, or a vaginal secretion. The sample can be
taken from any pregnant mammal, preferably a human, at any one time or multiple
times during pregnancy. In a preferred embodiment for humans, a cervical secretion
sample may be taken by a skilled clinician using a swab at 22, 24, 26, 28, 30, and 32
weeks of gestation, times that ensure adequate time to intervene to protect early
delivery. However, the skilled obstetrician in the practice of this invention would
readily recognize that this invention has applicability at multiple other times during
pregnancy to assess the molecular-biomechanical status of the cervix.

100099] The following examples describe a kit and method, which use a cervical secretion
sample. The skilled artisan will readily appreciate that myriad biomolecular detection
methods may be employed in the practice of this invention. For a description of
antibody-based methods of detection, see Harlow and Lane, Antibodies: A
Laboratory Manual, CSHL. Press, 1988, Cold Spring Harbor, NY, which is herein
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incorperated by reference. For a description of aptamer-based methods of
detection, see Heyduk and Heyduk, "Nucleic acid-based fluorescence sansors for
detecting proteins,” Anal Chem. 2005 Feb 15;77(4):1147-56, which is herein

incorporated by reference.

Example 1. Kit and Method to Assess Biomarkers in Cervical Secretion Sample

[000100]  Cervical secretions are collected with Dacron swabs. The exposed ectocervical
surface and the posterior fornix are swabbed, and the swabs are placed info a
coliecting vial containing physiological saline and preservatives. The sampie
collection is very simiiar to that used for other routine assays (fetal fibronectin) that
use cervical secretions as the starting material.

[000101] A concentrated detergent solution is added to the collecting vial, and the swabs
are agitated in order to achieve complete release of molecules into the solution. The
swabs are removed, and the sample solutions are clarified by brief centrifugation.
The clarified samples and aliquots of purified standards (various concentrations of
TSP2, HA, MMP2, and MMP12) are loaded into a dot-blotting apparatus, and the
solution is drawn through a high-affinity protein-binding membrane (PVDF). The
resulting protein spots will be used for protein quantification and for biomarker
guantification.

[00G102] The membrane comprising the sample protein spots are treated with a blocking
solution {e.9., 5% dry miik in Tris-buffered saline) for 30 minutes. The membranes
are incubated with the primary antibodies specific for TSP2, MMP2 and MMP12. In
the case of HA detection, a bictinylated hyaluronan-binding protein (from
(Calbiochem) is used instead of primary antibody. The antibodies and the
hyaluronan-binding protein can be dissolved in 5% dry milk solution. Incubation is
for about 12 hours at 4°C, or for shorter times at raom temperature or 37°C. After
the incubation the membranes are washaed with Tris-buffered saline, and then
incubated with peroxidase-conjugated secondary antibodies {(for TSPZ, MMP2 and
MMP12), or peroxidase-conjugated avidin {for HA). After this incubation the
membranes are washed several times with Tris-buffered saline, and the color
development is done using diaminiobenzidine substrate. The color intensity is
quantified using densitometry.

[000103]  To generate a standard curve, known amounts of TSP2, MMP2, MMP12, and HA
are spoited in increasing quaniities on a membrane. The detection method is
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identical to that described in the previous section (supra). Standard curves will be
derived by plotting the staining intensity against the amount of biomarker. Optical
densities of the stained spots on the spot-ELISA assays will be determined by
analyzing the digitized images of the ELISA membranes using a program such as
the Scion 4.2 program. The standard curves for TSP2, HA, MMP2 and MMP12
allows the practitioner to determine the absolute amount of a biomarker in a sampile.
The amount of a biomarker is normalized {o the standard curve control.

[000104]  The sensitivity of the assay can be increased by using a flucrescence readout as
an alternative to a colorimetric read-out. This fluorescence-based readout is based
on the general format of the spot-ELISA described above (supra), wherein a
fluorescence-generating substrate is used instead of the diaminiocbenzidine
substrate. The equipment for detection of the signal and the densitometric
quantitation is performed essentially as described for the colorimetric approach.

[000105]  The whole protein content of the samples can be determined by the method of
Chapdelaine et al (46). This method is based on using amido black solution an
membrane-bound proteins, and quantifying the color intensity by densitometry. This

method has been successfully employed to cells in culture {(47).

Example 2. Biomarker Expression in Lower Uterine Segment

[000108]  The maintenance of pregnancy to term requires the coordinated function of the
uterus and the uterine cervix. The cervix is a sphincter-like structure composed
mainly of connective tissue that undergoes substantial remodeling during pregnancy
to allow dilatation at term (Leppert, P.C, 1995, Clin Obstet Gynecol, 38:267-79).
Abnormat remodeling of the human cervix is thought to cause “incompetent cervix’,
or milder forms of premature cervical softening and dilatation. These cervical
disorders are significant contributors to premature deliveries.

[0C0107]  In order to determine the contribution of individual components of connective
tissues to cervical function, inventor chose to study cervical properties of mice
deficient in individual proteins of conneactive tissue. Several collagen fibril-associated
proteins (decorin, lumican, fisromodulin, thrombospondin 2) have been shown to
regulate morphology of collagen fibrils, and mechanical properties of skin in mice.
The objective was to gain a better understanding of the molecular basis of premature
cervical softening by determining the characteristics of the cervix of the
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thrombospondin 2-null (TSP2-null) mouse (Kyriakides, T.R., et al, 1998, J Celi Bioi,
140:419-30).

[000108]  The extensibility of the cervix was determined by creep testing, and the cervix of
TEP2Z-null mice showed a 4.5-fold increase by day 14 of pregnancy, and a 6.1-fold
increase by day 18 of pregnancy, when compared to wild-type mice (Kokenyesi, R.,
et al, 2004, Biol Reprod, 70:385-90, which is herein incorporated by reference). The
extensibility of the TSP2-null cervix was similar to that of the wild-type cervix in non-
pregnant mice and on day 10 of pregnancy. In agreement with the timing of the
biological defect, the expression pattern of TSP2 (determined by Western blotting)
showed that TSP2 was expressed in the cervix of mice on days 14 and 18 of
pregnancy, but not on day 10 or at the non-pregnant stage. In addition to an
increased extensibility, a defective biological function of the TSP2-null cervix was
also demonstrated in the TSP2-null mice. Mifepristone treatment of mice on day 15
of pregnancy resulted in an accelerated delivery in TSP2-null mice compared to wild-
type mice, An increased levsi of matrix metalioprotease 2 (MMP2) immunostaining
was found in the TSP2-null cervix on day 14 and day 18 of pregnancy.
Correspondingly, increased MMP2 activity was detected by gelatin zymography in
extracts of TSP2-null cervix on day 14 of pregnancy. No MMP9 activity was seen by
gelatin zymography. Casein zymography showed no change in caseinolytic activity
of the TSP2-null cervix on day 14 of pregnancy. Inventor also evaluated
immunohistochemical staining of MMP3 (stromelysin), MMP7 {matrilysin), MMP13
(the major mouse collagenase), and cathepsin G, because these are proteasses
known in the art to be involved in the remodeling of connective tissues.
Densitometric analysis of stained membranes showed no significant change in the
staining intensity of any of these proteases in the TSP2-null cervix on day 14 of
pregnancy. Inventor faiied to detect degradation products of decorin and lumican
{two MMP substrates expressed abundantly in the cervix) in the TSP2-nuli cervix.
The expression of tissue inhibitors of metalloproteases {(TIMPs) on day 14 of
pregnancy was also studied. TIMPS 1, 2, and 4 were detected by
immunohistochemical staining; however, densitometric analysis showed the absence
of significant changes in the staining intensity. TIMP3 was not detected in the cervix.

[0C0109]  In order to gain a better understanding of the type and magnitude of the
ultrastructural alterations in the TSP2-null cervix, applicant used quantitative

morphometry to characterize the ultrastructural features of the collagenous stromal
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matrix. A standardized sampling protocol was developed to obtain an unbiased
representation of the matrix structures on the transmission electron microscopic
images. In the TSP2-null cervix on day 14 of pregnancy, applicant observed an
increased collagen fibril diameter, altered distribution of fibril diameters, a decrease
in the cross-sectional area of collagen bundles, a decreased packing density of
collagen fibrils within the bundles, an accumulation of electron lucent particles in
between the collagen fibrils, and an increased proportion of the disorganized
collagenous matrix.

[0G0110]  The presence of hyaluronan in the TSP2-null cervix was examined by
immunohistochemical techniques. The hyaluronan staining was observed more in
the stroma , and less in the epithelium. Densitometric analysis showed a significant
increase in the hyaluronan staining intensity on day 14 and day 18 of pregnancy, but
not on day 10. From these data, the skilled artisan may reasonably conclude that
expression TSP2 in the mouse uterine cervix is important for the maintenance of
tissue integrity and resistance to mechanical force. Thus, the TSP2-null mouse is the
first animal model that allows for the study of spontaneocus, premature cervical
softening. The premature cervical softening seen in the TSP2-null mouse on day 14
of pregnancy correlates with extensive alterations in the uitrastructure of the stromal
matrix and increased MMP2 and hyaluronan levels, while many other
protease/protease inhibitor systems are not affected. These findings suggest that
the premature cervical softening is brought about by altered balance of
assembly/disassembly of collagen bundles with limited involvement of proteolytic
action. This data demonstrates that the absence of a single collagen fibril-
associated protein can significantly alter cervical extensibility, suggesting that TSP2
and other coliagen fibril-associated proteins {such as decorin or lumican) fulfill
specific, non-redundant roles in regulation of the integrity of connective tissues.
While not wishing to be bound by theory, applicant reasonably specuiates that
defective expression of any collagen fibril-associated protein or regulator of the
cervical extraceliular matrix may lead to defective cervical funetioning in pregnant
women.

[000111]  Because TSP2 has not been studied in the human reproductive tract, the inventor
carried out an immunochistochemical study on the expression pattern of TSP2 in
human lower uterine segment. TSP2 staining was seen in the connective tissue-rich

areas located between smooth muscle cells of all specimens ranging from 27 to 36
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weeks of gestation. There was little staining of the smooth muscle celis themselves.
Staining intensity of TSP2 peaked at 33-35 week of pregnancy, and the staining was
less intense at 27-31 weeks, and 36-37 weeks (see figure 1, which depicts quantified
TSP2 staining from human lower uterine samples versus gestational stage in
weeks.)

[000112]  Lower uterine segment specimens were obtained by a protocoi approved by the
institutional Review Board of Saint Louis University. Specimens were obtained from
patients undergoing Caesarian section for indications other than premature labor.
The range of gestational ages was 27 o 37 weeks. The specimens were fixed in
buffered formalin, and processed for immunchistochemistry. A monocional antibody
(from BD Biosciences) specific for TSP2 was used at 1.50 dilution, foliowed by a
horseradish peroxidase-conjugated second antibody. Immunchistochemical staining
for decorin was performed essentially as described (44), except that a polycional
sheep anti-human decorin antibody (from US Biological) was used at 1:50 dilution.
images were recorded by Nikon Eclipse E400 microscope equipped with a digital
camera. The staining pattern for decorin was used as a reference, because decorin
expression in the cervical extracellular matrix has been repeatedly demonstrated.
Both TSP2 (Figure 1) and decorin (Figure 2) were detaected at locations of matrix
accumulations between muscle fibers. The smooth muscle cells showed very weak

staining for TSP2 and decorin.

Example 3. HA and MMP12 as Cervical Biomarkers

[000113]  Upon further study of the animal model of spontaneous, premature cervical

softening, inventor discovered elevated hyaluronic acid (HA), MMP2 and MMP12
immunostaining in the prematurely softened cervices. Thus, inventor envisions that
increased levels of HA, MMP2 and MMP12 in the cervix are useful as biomarkers for
premature cervical dilatation.

[000114]  HA levels were studied using histochemistry following the method of Kobayashi
and co-workers (45). This detection method is based on the specific binding of
biotinylated HA-binding protein to HA and the subsequent visualization of hyaluronic
acid-binding protein by avidin peroxidase. Controls were performed by omitting the
biotinylated hyaluronic acid-binding protein from the staining sequence. The
specificity of this technique was established by pre-treating cervical sections with 10

mi of Streptomyces hyaiuronidase at 37°C for 1 hour. Such pre-treatment
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completely eliminated staining of the sections indicating that the hyaluronic acid-
binding protein is specific for HA in mouse cervical sections. Histomorphometry
{using the Image J program} was used to quantify the staining intensity. Three
cervices were studied for each genotype and each gestational stage; at least 6 high-

power figlds from the external os area of each cervix were used for image analysis.

[000115]  In wild-type mice the staining intensity for HA increased from 4.2 units (+/-0.4
SEM) on day 10 of pregnancy to 6.6 units {+/-0.8 SEM) on day 14 of pregnancy, and
to 13.5 units (+/-1.1 SEM) on day 18 of pregnancy. In the TSP2-null mice the
staining intensity for HA increased from 3.8 units (+/-0.4 SEM) on day 10 of
pregnancy to 11.9 units (+/-1.4 SEM) on day 14 of pregnancy, and to 17.4 units (+/-
1.0 SEM) on day 18 of pregnancy. There was no detectable difference (p<0.25)
between the HA staining intensity of wild-type and TSP2-null cervix on day 10 of
pregnancy. Howaver, the HA staining intensity appeared to be significantly higher
(p<0.01) in the TSP2-null cervix on day 14 and day 18 of pregnancy.

[000116] MMP12 sxpression was also studied by immunchistochemical staining. Cervices
from timed pregnant females on day 14 of pregnancy were studied. The primary
(MMP12-specific antibody) was purchased from Santa Cruz Biotechnology, inc. The
staining intensity for MMP12 was 10.5 units (+/-0.9 SEM) in the wild-type cervices,
and increased to 16.5 units (+/-0.5 SEM) in the TSP2-null cervices.
Histomorphometry (using the Image J program as described for the proteases) was
used to gquantify the staining intensity. Three cervices were studied for each
genotype and each gestational stage; at least 6 high-power fields from the external

os area of each cervix were used for image anaiysis.
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Exampile 4. Human Cervix / Lower Ulerine Segment

[000117]  The expression of TSP2 in human fower uterine segment (a tissue that represent
a transition from the uterus to the cervix) was determined. Lower uterine segment
specimens were obtained by a protocol approved by the institutional Review Board
of Saint Louis University. Specimens were obtained from patients undergoing
Caesarian section for indications other than premature labor. The range of
gestational ages were 27 to 37 wesks. The specimens were fixed in buffered
formalin, and processed for immunohistochemistry. A monocional antibody {from BD
Biosciences) specific for TSP2 was used at 1:50 dilution, followed by a horseradish
peroxidase-conjugated second antibody. Immunohistochemical staining for decorin
was performed essentially as described (44), except that a polyclonal sheep anti-
human decorin antibody (from US Biological) was used at 1:50 dilution. The staining
pattern for decorin is used as a reference, because decorin expression in the
cervical extracellular matrix has been repeatedly demonstrated. The images were
recorded by Nikon Eclipse £E400 microscope equipped with a digital camera.

[000118] Both TSPZ2 and decorin were detected at locations of matrix accumuiations
between muscle fibers. The smooth muscle celis showed very weak staining for
TSP2 and decorin. Thus, having determined that TSP2 is present in human uterine
cervix, the skilled artisan may reasonably expect that TSP2 is likely also to be
present in cervical secretions (infra).

[000119]  Next, biopsy specimens representing various gestational stages were stained for
TSP2, and the staining intensities from the slides were guantified from the digitized
images using the Image J program {a variant of the NIH Image program). Six high-
power fields were evaluated for each specimen. The staining intensity of TSP2
showed an increasing trend from 27 weeks of gestation to 35 weeks of gestation,
and then a decreasing trend during 36 and 37 weeks of gestation (Figure 1).

Exampie 5: Biomarkers in Cervical Secrations
{000128]  The candidate biomarkers TSP2, HA, MMP2, and MMP 12 were detected in

human cervical secretions. Human cervical secretions obtained from pregnant

women at 37 weeks of gestation were used to determine if the exemplary biomarkers
TSPZ, MMP2, MMP12, and HA can be specifically detected in cervical secretions.
For the detection of TSP2, MMP2, MMP 12 the cervical secretions (20% of total

23



(48) JP 2009-106279 A 2009.5.21

specimen) were mixed with electrophoresis loading buffer, and the sampies were
electrophoresed on a 4% (for TSP2 and MMP2), and a 10% (for MMP12)
polyacrylamide gel. Western blotting and the washing of the membranes were
performed as previously described (62). TSP2 was detected using a monocional
antibody (BD Biosciences) at 1:100 dilution, MMP2 was detected using & monaclonal
antibody (Calbiochem) at 1:100G ditution; MMP 12 was detected using a polyclonal
antibcdy {Santa Cruz Biotechnology} at 1: 100 dilution. The horseradish
peroxidase-conjugated secondary antibodies were used at 1:500 dilution. Reactive
bands were develcped using diamincbenzidine subsirate,

[000121]  The specific reactive bands are marked by arrows (Figure 3}, The molecular
weight of MMP2 and MMP12 bands were according to expectations {72 kDa, and 54
kba}. The MMP 12 Western shows additional, iower molecular weight bands, a
possible sign of proteolytic processing of the pro-enzyme. The molecular weight of
the TSP2 band was smaller than the expected 62 kDa, which indicates protealytic
degradation of TSP2 in cervical secretion.

[000122] HA from cervical secretions was detected using the spot-ELISA method. The
cervical secretion (10% of the {otal specimen) was adjusted to contain 1 M guanidine
HCI and 5% mercaptoethanol, to disrupt mucus aggregates. The mixture was
centrifuged at 15,000 x g for 5 minutes, and the supernatants were loaded onto
PVDF membrane using a dot-blotling apparatus. The membranes were processed
in an identical manner to the Western blots with the exception that a biotinylated HA-
binding protein was substituted for the primary antibody, and a peroxidase-
conjugated avidin compound was substituted for the secondary antibody.

[000123]  The application of the HA probe resulted in dark circles ({top row of dots marked
by arrows in Figure 4) indicate detection of HA. The buffer control dot, and the dots
where the HA probe was omitted, gave no visible staining signal. These data

suggest that HA is specifically detectable in cervical secretions.

Example 8. Cervical Secretion Sampie Collaction and Analysis

[000124]  Sample collection: Cervical secretions are collected from patients with Dacron

swabs. The exposed ectocervical surface and the posterior fornix are swabbed, and
the swabs are placed inte a collecting vial containing physiological saline, Trizma
buffer, protease inhibitors (EDTA, phenylmethylsulfony! fluoride, pepstatin), and
antibacterial agent {sodium azide). This sampie collection process is very similar to
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that used for other routine clinical assays (fetal fibronectin) that use cervical
secretions as the starting material (See Coleman et al., “Fetal fibronectin detection in
preterm labor: evaluation of a prototype bedside dipstick technique and cervical
assessment,” Am J Obstet Gynecol. 1998 Dec;179(6 Pt 1):1553-8, which is
incorporated herein by reference.

[000125]  Sample preparation for analysis: The biomarkers are solubilized before icading

the specimens onto membranes. A concentrated urea/DTT solution is added to the
collecting vial, to bring the final concentrations to 1 M urea, and 10 mM DTT
(dithiothreitol) and the swabs are agitated in order to achieve complete release of the
macromolecules into the solution. The swabs are removed and the resultant sample
is split into aliquots. Sodium dodecy! sulfate (SDS) is added to a final concentration
of 1% to a subset of aliquots, which are then heated to boil, centrifuged at 15,000 x g
for 10 minutes. The supernatants are used for the detection of TSP2, MMP2 and
MMP12, and for other protein quantification. Another aliquot {or subset of aliquots)
is {are) centrifuged at 15,000 x g for 10 minutes, and the supernatant is used for the
detection of HA or other giycosaminoaglycans. These biomarkers are water soluble
in buffer, and are expected to be in the supernatant.

[000126]  Spot-ELISA analysis with color development: The clarified samples are loaded
into a dot-blotting apparatus, and the solution is drawn through a high-affinity
membrane (nitrocellulose membrane for protein biomarkers [e.g., TSP2, MMP12,
MMPZ2], and PVDF membrane for non-protein biomarkers [e.g., HA]). Nitrocellulose
membrane is then treated with 5% dry milk solution (in Tris-buffered saline) for 30
minutes. Then the membranes are incubated with the primary antibodies specific for
protein biomarkers, e.g., TSP2, MMP2 and MMP12. PVDF membrane is treated
with 0.2% BSA (bovine serum albumin) solution (in Tris-buffered saline) for 30
minutes. Then, in the case of HA as the biomarker, the membrane is incubated with
a biotinylated hyaiuronan-binding protein (purchased from Calbiochem). The
incubation proceeds for approximately 12 hours at 4°C in the initial tests. After the
incubation the membranes are washed with Tris-buffered saline (containing 0.3%
Tween 20), and then incubated with horseradish peroxidase-conjugated secondary
antibodies (for TSP2, MMP2 and MMP12), or horseradish peroxidase-conjugated
avidin (for HA). After this incubation the membranes are washed several times with
Tris-buffered saline (containing 0.3% Tween 20), and the color deveiopment
performed using diaminicbenzidine substrate.
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[000127] Chemiluminescence-based detection: In an alternative embodiment to the
colorimetric read-out (supra), the invention can be performed using
chemiluminescence -based readout of the assays. This chemiluminescance -based
assay utilizes the general Spot-Elisa platform described above; however, during the
development of signal a chemiluminescence-generating substrate (such as Luminol)
is used instead of the diaminiobenzidine subsirate. The detection of the
chemiluminescence signal and the densitometric quantification may be carried out
using an imaging system, such as the Kodak Gel Logic 440 Imaging Station, which
is capable of recording chemiluminescence signal with the sensitivity of photographic
film. This instrument includes an image analysis software to perform quantitative
analysis of the detected signals.

[000128]  Internal Standards, Given the relative nature of the instant biomarker-based tool,

one or more intemal standards are used to establish a base-line and to control for
varying amounts of collected samples. Internal standards include those proteins that
are found in cervical secretions in uniform amounts regardiess of the state of the
cervix during the progression of pregnancy.

[CC0129]  Standard curves for spot-ELISA: Known amounts of recombinant or purified

MMP2, MMP12, and HA are spotted in increasing quantities on the membranes.
These materials are commercially available from Calbiochem/EMD Biosciences (La
Jolla, CA). Atpresent, there is no commercially available purified TSP2, so RSV-
3T3 cell lysate from BD Biosciences (San Diego, CA) are used as a uniform source
of TSP2. These known materials are dissolved in the buffer used for loading the dot
blots. The detection method for the standards is identical to that described (supra).
Standard curves are derived by plotting the optical density determined by
densitometry against the amount of biomarker.

[000130]  Densitometry: Optical densities of the stained spots on the spot-ELISA assays
are determined by analyzing the digitized images of the ELISA membranes, and
analyzing the optical density using the embedded image analysis software in the
Kodak Image Station. The standard curves for HA, MMP2 and MMP12 allow for the
determination of the absoclute amount of biomarkers in the samples. The standard
curve for TSP2 wili allow for the determination of TSP2 amounts as arbitrary units of
optical density. The amounts of biomarkers are then normalized to unit protein level.

[000131]  Protein guantitation: Optical densities of the spot-ELISAs are normalized to

protein levels in the cervical secretions. Protein content of the samples will be
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determined by the method of Chapdelaine et al (46). This method is based on using
amido black solution on membrane-bound proteins, and achieving quantitation of the
color intensity by densitometry. This method has been successfully used to

guantitate protein levels in cell lysates (47).

Example 7: Dot blctting protocol for testing of cervical secrations

[000132]  Cervical secretions were collected from vaginal fornix using Dacron swab. Each
swab of cervicai secretions was placed into 15 mi blue-top tubes containing 1.5 ml of
ice-cotd sample collection buffer (10 mM Tris/HCI, pH: 7.4, 0.15 M NaCl, 20 mM
EDTA, 5 uM pestatin A, 1 uM leupeptin, 10 ug/ml aprotinin). The samples may be
stored in a refrigerator for several days before placing them into ~20°C freezer for
tonger term storage.

[000133]  For extraction the samples were thawed and 1.5 ml of cold extraction buffer (10
mi Tris/HCI, pH: 7.4, 2 M urea, 0.3 M NaCl, 20 mM EDTA) was added to the tubes.
The tubes (still containing the swabs) were vortexed for 30 seconds, and then the
swabs were removed and discarded. The extracts were aliquoted into two 1.5 ml
microcentrifuge tubes for storage in  —20°C freezer.

{000134]  For analysis the frozen exfracts were thawed on ice, and centrifuged in a
microcentrifuge at top speed for 10 minutes. For protein quantification, 2 mi of the
supernatants were used, for immuno-dot blotting 100 ml of the supernatants were
used. Protein quantitation was done using the amido-black staining method of
Chapdelaine et al., Biotechiques, 2001, 31/478-482 (which is herein incorporated by
reference). The BSA standards were dissolved in 0.5 X extraction buffer,

[000135]  Immuno-dot blotting was carried out using PVDF (Immobilon-P) membranes.
The extracts (100 ml) were drawn through the membrane with the aid of a vacuum
pump. The membranes were briefly rinsed with fris-buffered saline (TBS; see
Sambrook, Fritsh and Maniatis, ‘Molecular Cloning: A Laboratory Manual, 2™ Ed.,,”
CSHLP 1989, CSH, New York, which is herein incorporated by reference) and then
incubated with 5% dry milk in TBS for 1 hour at room temperature.

[000136]  The primary antibodies were diluted in dry-milk/TBS at 1:100 dilution from the
commercially-avaitable antibody solutions. The antibodies were incubated with the
membranes for 14 hours at 4°C. The membranes were then washed 3 times for 10
minutes each with TBS containing 8.3% (v,v) Tween-20. The membranes were then

incubated with horseradish peroxidase-conjugated secondary antibodies for 1 hour

27



(52) JP 2009-106279 A 2009.5.21

at room temperature. The secondary antibodies were diluted in dry-milk/TBS at
1:500 dilution from the commercially-available antibody solutions. The membranes
were then washed 3 times 10 minutes each with TBS containing 0.3% Tween-20.

[000137]  The membranes were developed by incubating them with a solution containing
TrisfHCL, pH 7.4, 0.6 mg/ml diaminobenzidine, 0.03% NiCl, and 0.003% hydrogen
peroxide. The developed blots were dried, and photographed using a digital camera.
Densitometric analyses of the protein blots and the immuno-dot blots were done
using the ImagelJ (a public domain Java image processing program available freely
at http:/frsb.info.nih.goviij/docsfintro.html.) Densitometry results are presented in
Figure 5, which clearly depicis a change in matrix protein expression as pregnancy
advances.

Example 8. Prediction of Preterm Labor

[000138]  In a clinical trial of human pregnant patients, the candidate biomarkers TSP2,
decorin, and MMP 12 were shown to have increased levels in cervical secretions of
pregnant womean destined to enfer preterm labor.

{00013€] 56 pregnant women were enrofled into a clinical study. Al women were
asymptomatic primigravidas (showed no signs of preterm labor). The women
consented to provide a specimen of cervical secretions that were collected on a
cervical swab. The cervical secretions were extracted with a urea solution, and the
extracts were studied in a dot-blotting format. Triplicate aliquots of each specimen
were applied to the membrane. Protein levels were determined using the Amido
Black technigue (58). Levels of TSP2, decorin, and MMP12 were determined using
specific antibodies utilizing a chemiluminescent detection method. The
chemiluminescent signal was captured on x-ray film, and the dark spots on the film
were analyzed by densitometry to obtain optical density values. The darker spot
gives rise to higher optical density which indicates stronger chemiluminescence
signal, and therefore, more biomarker. The optical density values were normalized
to protein content of the specimens to provide the final measure of optical density
unitymicrogram protein.

[000140]  Inthe patient population three women were found who were asymptomatic at the
time of specimen collection (at gestational ages of 27 and 30 weeks), and then they
were diagnosed with symptoms of preterm labor at 33 weeks gestation {Preterm
Risk Group on Figures 6, 7, and 8).
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[000141]  Within the 27-30 week gestational age range, there was a matching group of 10
women whose cervical secretions were collected at 27-30 weeks gestation, but
these women were never showed signs of preterm labor (No Risk Group on Figures
B8, 7 and 8).

[000142]  The means of the Preterm Risk group and the No Risk Group were compared
using a { test for unequat sample sizes and unequal variances. TSP2 and the
decorin levels (expressed in optical density/microgram protein units) were
significantly higher (p< 0.01) in women in the Preterm Risk Group (n=3), when
coempared to women in the No Risk Group (n=10). This preliminary data suggest
that these three cervical biomarkers should be investigated in a larger number of
study subjects.
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WHAT IS CLAIMED 1IS:

1. A method for determining the risk of a patient going into preterm labor
comprising:

a. obtaining a cervical secretion sample from a pregnant patient;

b. detecting the presence of a biomechanical associated marker in the
cervical secretion sample, wherein the biomechanical asscciated marker is
selected from the group consisting of thrombospondin 2 and decorin and
combinations thereof, and

. correlating an increased level of the biomechanical associated
marker, as compared to a normalized baseline marker level, to an increased

risk of preterm labor.

2. The method of claim 1 wherein the biomechanical associated marker in
the cervical secration sample comprises thrombospondin 2.

3. The method of any one of claims 1-2 wherein the biomechanical

associated marker in the cervical secretion sample comprises decorin.

4. The method of any one of claims 1-3, wherein at least on of the
biomechanical associated marker in the cervical secretion sample is
thrombospéndin 2.

5. The method of any one of claims 1-4, wherein the biomechanical
associated marker in the cervical secretion sample comprises
thrombospondin 2 and decorin

6. The method of any one of claims 1-5, further comprising detecting the
presence of matrix metalioproteinase-12 and correlating an increased level of
mairix metalloproteinase-12 | as compared to a normalized baseline marker
level, to an increased risk of preterm labor.

7. The method of any one of claims 1-6 further comprising the

determination of an appropriate treatment protocol for the patient.
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8. The method of any one of claims 1-7 wherein the appropriate treatment
protocal for the patient inciudes at least one of the foilowing treatments,
including i) physical relocation of patient, i) administration of drug therapy to

patient, iii) recommendation of a behavicral change to patient, and iv) closer

monitoring of patient.

9. The method of any one of ciaims 1-8 wherein the drug therapy to be

administered to the patient is progesterone or derivatives of progesterone.

10.  The method of claim 8 wherein the drug therapy to be administered to
the patient is 2 compound that stimulates or biocks uterine contractions.

11, The method of claim 10 wherein the compound that stimulates uterine
contractions is pitocin, or oxytocin,

12, The method of claim 10 wherein the compound that inhibits uterine
contractions is an oxytocin analogue.

13.  The method of any one of claims 9-12 wherein the method for
determining the risk of a patient going into preterm iabor is performed before,
during, or after administration of drug therapy.

14, The method of claim 1, wherein detecting the presence of a
biomechanical associated marker is carried out by measuring the amount of
nucleic acid molecules coding for the bicmechanical associated marker in the

cervical secretion sampie.

15. The method of claim 14 wherein the nugleic acid malecuie is RNA or
DNA.

16.  The method of any one of claims 14-15 wherein the nucleic acid
molecule is RNA.
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17.  The method of any one of claims 14-16 wharein the nuclaic acid

molecule is DNA.

18.  The method of any one of claims 14-17 wherein the DNA is a cDNA.

19, AKit suitable for the use in determining the risk of a patient going into
preterm labor comprising:

a. a swab;
b. collection buffer;
c. an assay for the detection of an increased level of a

biomechanical associated marker selected from the group consisting of
thrombospondin 2 and decerin and combinations thereof in a cervical

secretion sample; packaged in a suitable sealed container.

20,  AKit according to claim 19 wherein the assay for the detection of an
increased level of a biomechanical associate marker is capable of detecting
levels of matrix metalloproteinase-12, matrix metalloproteinase-8, matrix
metalloproteinase-1, matrix metalloproteinase-2, matrix metalloproteinase-3,
matrix metalioproteinase-9, hyaluronidase, lumican, fipromodulin, keratocan,
PRELP biglcan, mimecan, serglycin, perlecan, agrin, versican, link proteins,
CD44, TSG-6, bikunin, inter alpha trypsin inhibitor, a hyaluranan synthase,
hyaluronic acid, elastin, fibulins, fibrilling, tenascin X, heparan suifate, keratan
sulfate, chondroitin suifate, dermatan sulfate, heparanase, lysyl oxidase, type
V collagen, type Vi collagen, type Xil collagen, type XIV collagen, type XVIlI
coliagen, type XX collagen, calreticulin, CD47, syndecans, glypicans,
lipoprotein receptor-like protein (LRP}, an ADAM protease, an ADAMTS
protease, k-selectin, L-selectin, platelet factor 4, transforming growth factor
beta 1, 2 and 3 (TGF-R), epidermal growth factor (EGF), keratinocyte growth
factor (KGF), vascular endothelial growth factor (VEGF), hepatocyte growth
factor (HGF), fibroblast growth factors (FGF) 1 and 2, and platelet derived
growth factor (PDGF), and combinations thereof-

21, Akit according fo any one of claims 19-20 wherein the assay for the

detection of an increased level of a biomechanical associated marker in the
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cervical secretion sample is performed by an assay selected from the group
consisting of a radiocimmunoassay, an enzyme immunoassay, a ligand assay,
an immunoradiometric assay, a fluoroimmunoassay, and an enzyme-linked

immunosorbent assay.

22.  The kit of any one of claims 19-21 wherein the assay for the detection
of an increased level of a biomechanical associated marker, is an assay
comprising:

a) a primary antibody to the biomechanical associated marker,

b) a secondary antibody that recognizes the primary antibody, or the
biomechanical associated marker,

wherein the secondary antibody is labeled by chemiluminescence, a

radioactive label, a fluorescent label or an enzymatic label.

23.  The kit of any one of claims 19-22 wherein the detection of an
increased level of a biomechanical associated marker is accomplished by
measuring the amount of nucleic acid molecules coding for a biomechanical
associated marker in the cervical secretion sample.

24.  The kit of any one of claims 18-23 wherein the nucleic acid molecule to
be measured is DNA or RNA,
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ABSTRACT OF THE INVENTION

The invention is directed to kits and methods that allow one to predict
the risk for preterm labor in a pregnant woman. The inventors have
discovered that various extracellular matrix components can be detected in
cervical secretions. The quantification of certain extraceliular matrix proteins
found within cervical secretions can be used as a diagnostic for the
biomechanical state of the cervix, which indicates whether preterm labor is
likely. Some extracellular matrix components that can be found in cervical

secretions include decorin, thrombospondins and matrix metalioproteinases.
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Figure 1

Thrombospondin-2 expression in human lower ulerine segment
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Figure 2
Decorin expression in human lower uterine segment
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Figure 6: Thrombospondin 2 in Cervical Secretions
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Figure 7: Decorin in Cervical Secretions
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MMP12 in Cervical Secretions
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