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(57) Abstract: The present invention provides a method for determining increased risk of premature birth in a pregnant woman by
detecting altered expression level of one or more marker genes in the woman's blood.A kit and device useful for such a method are

also provided.In addition , the present invention provides a method for preventing or reducing the likelihood of premature birth.
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BIOMARKERS FOR PREMATURE BIRTH

RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No. 61/857,975,
filed July 24, 2013, the contents of which are incorporated by reference in the entirety.

BACKGROUND OF THE INVENTION
[0002] In humans, premature birth or preterm birth refers to birth at a gestational age of less
than 37 weeks. Premature birth is one of the leading causes of infant deaths worldwide. Infants
born prematurely are also more likely to suffer from various complications both in short term
and in long term, including disabilities and impediments in growth and mental development.
While substantial progress has been made to improve the survival rate and subsequent
development of infants who were born prematurely, the precise cause of premature birth is yet to
be fully understood. Given the prevalence and implications of premature birth, there exists a
need for new methods to more accurately detect an increased risk of premature birth in pregnant
women, such that preventive measures may be timely taken to reduce or eliminate the chances of

premature birth. This invention fulfills this and other related needs.

BRIEF SUMMARY OF THE INVENTION
[0003] The present inventors discovered that the transcription of certain marker genes, as seen
at the mRNA level, in a pregnant woman’s blood cells may be elevated or suppressed in
correlation with the likelihood of premature birth. As such, in a first aspect, the present
invention provides a method for determining the risk a pregnant woman’s risk of delivering the
infant prematurely. The method includes the steps of: (a) measuring mRNA level of a marker,
which may be one of the genes listed in Table 2 or CD164 or CD62L, in a blood sample taken
from a pregnant woman; and (b) comparing the mRNA level obtained in step (a) with a standard
control. When an increase or decrease in the mRNA level when compared with the standard
control is detected, it indicates the woman having increased risk of premature birth. For any
particular marker whether an increase or decrease indicates the increased risk will be apparent
based on the information provide in this application, e.g., Table 2. For example, when the
marker 18 B3GNTS5, CDI16A, or CD62L, an increase in the mRNA level when compared with the

standard control indicates the woman having increased risk of premature birth, whereas when the
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marker is CLC or GBP3, a decrease in the mRNA level when compared with the standard control
indicates the woman having increased risk of premature birth. Whole blood and various blood

fractions such as serum or plasma or isolated blood cells can be used in this method.

[0004] In some embodiments, the mRNA level is normalized over the mRNA level of a
reference gene in the same sample prior to step (b). For example, the mRNA level of a marker
gene may be expressed as a ratio over the mRNA level of a reference gene. An exemplary
reference gene is GAPDH. In some cases, the mRNA level of more than one marker genes is
measured and compared with their respective standard controls to determine the risk of

premature birth.

[0005] Insome embodiments, step (a) comprises mass spectrometry or hybridization to a
microarray, fluorescence probe, or molecular beacon. In some embodiments, step (a) comprises
an amplification reaction, such as a polymerase chain reaction (PCR), especially a reverse
transcriptase-polymerase chain reaction (RT-PCR) including quantitative RT-PCT (qRT-PCR).
In some embodiments, step (a) comprises a polynucleotide hybridization assay utilizing a
polynucleotide probe comprising a detectable moiety. For example, the polynucleotide
hybridization assay may be a Southern Blot analysis, Northern Blot analysis, or an irn sifu
hybridization assay.

[0006] In certain embodiments, when a pregnant woman has been indicated as having
increased risk of premature delivery, the method may further include a therapeutic step to reduce
or eliminate the risk of premature birth.

[0007] Inasecond aspect, the present invention provides a kit for determining risk of
premature birth in a pregnant woman. The kit includes these components: (1) a standard control
that provides an average level of a marker gene mRNA; and (2) an agent that specifically and
quantitatively identifies the marker gene mRNA. The marker gene is selected from the group
consisting of the genes in Table 2, CD164, and CD62L. In some embodiments, the agentisa
polynucleotide probe that hybridizes with the marker gene mRNA. The polynucleotide probe
optionally includes a detectable moiety. In some embodiments, the kit further includes two
oligonucleotide primers for specifically amplifying, in an amplification reaction, at least a
segment of the marker gene cDNA or at least a segment of the complement of the marker gene

cDNA. Often the kit further contains an instruction manual.
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[0008] In a third aspect, the present invention provides a method for reducing the risk of
premature birth or preventing premature birth. The method includes the step of administering to
the woman an effective amount of (1) an antisense polynucleotide sequence or an siRNA against
a marker gene in Table 2, or against CD164 or CD62L; or (2) an expression cassette comprising
the cDNA sequence of a marker gene in Table 2 and directing the transcription of the marker
gene. In some embodiments, the expression cassette comprises a promoter operably linked to the
marker cDNA sequence. The selection of (1) or (2) 1s based on whether a particular marker
RNA is found to be elevated in associate with premature birth.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1: Box plots of concentrations of the B3GNTS5 mRNA in blood of symptomatic
women resulting in birth sooner than 34 gestational weeks (test group) and those resulting in
birth on or later than 37 weeks (reference group). The box is drawn down to the 25th percentile
and up to the 75th percentile. The line inside the box is drawn as the median. The whiskers are
drawn down to the 10th percentile and up to the 90th. Points below and above the whiskers are
drawn as individual dots.

[0010] Figure 2: Receiver-operating characteristics curve of the B3GNTS5S mRNA for

predicting birth sooner than 34 gestational weeks among symptomatic women.

[0011] Figure 3: Box plots of concentrations of CLC mRNA in blood of symptomatic women
resulting in birth sooner than 34 gestational weeks (test group) and those resulting in birth on or
later than 37 weeks (reference group). The box is drawn down to the 25th percentile and up to
the 75th percentile. The line inside the box is drawn as the median. The whiskers are drawn
down to the 10th percentile and up to the 90th. Points below and above the whiskers are drawn
as individual dots.

[0012] Figure 4: Receiver-operating characteristics curve of the CZC mRNA for predicting

birth sooner than 34 gestational weeks among symptomatic women.

[0013] Figure 5. Box plots of concentrations of the GBP3 mRNA in blood of symptomatic
women resulting in birth sooner than 34 gestational weeks (test group) and those resulting in
birth on or later than 37 weeks (reference group). The box is drawn down to the 25th percentile
and up to the 75th percentile. The line inside the box is drawn as the median. The whiskers are
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drawn down to the 10th percentile and up to the 90th. Points below and above the whiskers are
drawn as individual dots.

[0014] Figure 6: Receiver-operating characteristics curve of the GBP3 mRNA for predicting

birth sooner than 34 gestational weeks among symptomatic women.

[0015] Figure 7. Box plots of concentrations of the CD764 mRNA in blood of symptomatic
women resulting in birth sooner than 34 gestational weeks (test group) and those resulting in
birth on or later than 37 weeks (reference group). The box is drawn down to the 25th percentile
and up to the 75th percentile. The line inside the box is drawn as the median. The whiskers are
drawn down to the 10th percentile and up to the 90th. Points below and above the whiskers are
drawn as individual dots.

[0016] Figure 8: Receiver-operating characteristics curve of the CD764 mRNA for predicting

birth sooner than 34 gestational weeks among symptomatic women.

[0017] Figure 9: Box plots of concentrations of the CD62L mRNA in blood of symptomatic
women resulting in birth sooner than 34 gestational weeks (test group) and those resulting in
birth on or later than 37 weeks (reference group). The box is drawn down to the 25th percentile
and up to the 75th percentile. The line inside the box is drawn as the median. The whiskers are
drawn down to the 10th percentile and up to the 90th. Points below and above the whiskers are
drawn as individual dots

[0018] Figure 10: Receiver-operating characteristics curve of the CD627 mRNA for

predicting birth sooner than 34 gestational weeks among symptomatic women.

DEFINITIONS
[0019] In this disclosure the terms "premature birth" and "preterm birth" have the same
meaning and refer to the birth of a human infant at less than 37 weeks of gestational age, for

example, at a gestational age of 34 weeks or less.

[0020] In this disclosure the term "or" is generally employed in its sense including "and/or"

unless the content clearly dictates otherwise.

[0021] The term "blood" as used herein refers to a blood sample or preparation from a subject
being tested. The term encompasses whole blood or any fractions of blood, which may contain

blood cells or may be virtually acellular, such as plasma or serum.
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[0022] In this disclosure the term "isolated" nucleic acid molecule means a nucleic acid
molecule that is separated from other nucleic acid molecules that are usually associated with the
isolated nucleic acid molecule. Thus, an "isolated" nucleic acid molecule includes, without
limitation, a nucleic acid molecule that is free of nucleotide sequences that naturally flank one or
both ends of the nucleic acid in the genome of the organism from which the isolated nucleic acid
is derived (e.g., a cDNA or genomic DNA fragment produced by PCR or restriction
endonuclease digestion). Such an isolated nucleic acid molecule is generally introduced into a
vector (e.g., a cloning vector or an expression vector) for convenience of manipulation or to
generate a fusion nucleic acid molecule. In addition, an isolated nucleic acid molecule can
include an engineered nucleic acid molecule such as a recombinant or a synthetic nucleic acid
molecule. A nucleic acid molecule existing among hundreds to millions of other nucleic acid
molecules within, for example, a nucleic acid library (e.g., a cDNA or genomic library) or a gel
(e.g., agarose, or polyacrylamine) containing restriction-digested genomic DNA, is not an

"igolated" nucleic acid.

[0023] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids (DNA)
or ribonucleic acids (RNA) and polymers thereof in either single- or double-stranded form.
Unless specifically limited, the term encompasses nucleic acids containing known analogs of
natural nucleotides that have similar binding properties as the reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise indicated,
a particular nucleic acid sequence also implicitly encompasses conservatively modified variants
thereof (e.g., degenerate codon substitutions), alleles, orthologs, single nucleotide
polymorphisms (SNPs), and complementary sequences as well as the sequence explicitly
indicated. Specifically, degenerate codon substitutions may be achieved by generating
sequences in which the third position of one or more selected (or all) codons i1s substituted with
mixed-base and/or deoxyinosine residues (Batzer ef al., Micleic Acid Res. 19:5081 (1991);,
Ohtsuka et al, J Biol Chem. 260:2605-2608 (1985), and Rossolini et al., Mol Cell. Probes
8:91-98 (1994)). The term nucleic acid is used interchangeably with gene, cDNA, and mRNA

encoded by a gene.

[0024] The term “gene” is used to describe the segment of DNA involved in producing a
polypeptide chain; it includes regions preceding and following the coding region (leader and
trailer) involved in the transcription/translation of the gene product and the regulation of the

transcription/translation, as well as intervening sequences (introns) between individual coding
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segments (exons). As used in this application, a gene when specifically identified by its name
(e.g., any one listed in Table 2 plus CD16A and CD62L) encompasses any naturally occurring
variants or mutants of that gene. For example, cDNA sequence of the human B3GNTS5 gene is
set forth in GenBank Accession No. NM_032047. A “B3GNTS5 gene” within the meaning of this
application includes variants having a polynucleotide sequence with at least 80%, 85%, 90%,
95%, 98%, 99% or higher sequence identity to the cDNA sequence of NM_032047. Percentage
sequence identity for other genes including those provided in Table 2 is expressed in a similar
manner. The GenBank Accession No. for CD16A is NM_000569, NM 001127592,

NM_ 001127593, NM_001127595, or NM_001127596 and for CD621, 1s NM_000655 or

NR 029467.

PP LL

[0025] In this application, the terms “polypeptide,” “peptide,” and “protein” are used
interchangeably herein to refer to a polymer of amino acid residues. The terms apply to amino
acid polymers in which one or more amino acid residue is an artificial chemical mimetic of a
corresponding naturally occurring amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymers. As used herein, the terms

encompass amino acid chains of any length, including full-length proteins (7.e., antigens),

wherein the amino acid residues are linked by covalent peptide bonds.

[0026] The term “amino acid™ refers to naturally occurring and synthetic amino acids, as well
as amino acid analogs and amino acid mimetics that function in a manner similar to the naturally
occurring amino acids. Naturally occurring amino acids are those encoded by the genetic code,
as well as those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate,
and O-phosphoserine. For the purposes of this application, amino acid analogs refers to
compounds that have the same basic chemical structure as a naturally occurring amino acid, i.e.,
an a carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g.,
homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have
modified R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic
chemical structure as a naturally occurring amino acid. For the purposes of this application,
amino acid mimetics refers to chemical compounds that have a structure that is different from the
general chemical structure of an amino acid, but that functions in a manner similar to a naturally

occurring amino acid.
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[0027] Amino acids may include those having non-naturally occurring D-chirality, as disclosed
in WOO01/12654, which may improve the stability (e.g., half-life), bioavailability, and other
characteristics of a polypeptide comprising one or more of such D-amino acids. In some cases,

one or more, and potentially all of the amino acids of a therapeutic polypeptide have D-chirality.

[0028] Amino acids may be referred to herein by either the commonly known three letter
symbols or by the one-letter symbols recommended by the [TUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

[0029] As used in herein, the terms “identical” or percent “identity,” in the context of
describing two or more polynucleotide or amino acid sequences, refer to two or more sequences
or subsequences that are the same or have a specified percentage of amino acid residues or
nucleotides that are the same (for example, a variant B3GNT5 gene used in the method of this
invention has at least 80% sequence identity, preferably 85%, 90%, 91%, 92%, 93, 94%, 95%,
96%, 97%, 98%, 99%, or 100% i1dentity, to a reference sequence, e.g., a wild-type human
B3GNTS5 ¢cDNA set forth in GenBank Accession No. NM_032047), when compared and aligned
for maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual alignment and visual
inspection. Such sequences are then said to be “substantially identical.” With regard to
polynucleotide sequences, this definition also refers to the complement of a test sequence.
Preferably, the identity exists over a region that is at least about 50 amino acids or nucleotides in

length, or more preferably over a region thatis 75-100 amino acids or nucleotides in length.

[0030] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the
reference sequence, based on the program parameters. For sequence comparison of nucleic acids
and proteins, the BLAST and BLAST 2.0 algorithms and the default parameters discussed below

are used.
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[0031] A “comparison window™, as used herein, includes reference to a segment of any one of
the number of contiguous positions selected from the group consisting of from 20 to 600, usually
about 50 to about 200, more usually about 100 to about 150 in which a sequence may be
compared to a reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned. Methods of alignment of sequences for comparison are well-
known in the art. Optimal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, /. Mol Biol 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc. Nat’l Acad Sci. US4 85:2444
(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., Current Protocols in

Molecular Biology (Ausubel et al., eds. 1995 supplement)).

[0032] Examples of algorithms that are suitable for determining percent sequence identity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul
etal, (1990)J Mol Biol 215:403-410 and Altschul et al. (1977) Mucleic Acids Res. 25:
3389-3402, respectively. Software for performing BLAST analyses is publicly available at the
National Center for Biotechnology Information website, ncbi.nlm.mh.gov. The algorithm
involves first identifying high scoring sequence pairs (HSPs) by identifying short words of
length W in the query sequence, which either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a database sequence. T is referred to as
the neighborhood word score threshold (Altschul ef @/, supra). These initial neighborhood word
hits acts as seeds for initiating searches to find longer HSPs containing them. The word hits are
then extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always >0) and N (penalty score for
mismatching residues; always <0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters

W, T, and X determine the sensitivity and speed of the alignment. The BLASTN program (for
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nucleotide sequences) uses as defaults a word size (W) of 28, an expectation (E) of 10, M=1,
N=-2, and a comparison of both strands. For amino acid sequences, the BLASTP program uses
as defaults a word size (W) of 3, an expectation (E) of 10, and the BLOSUM®62 scoring matrix
(see Hemkoft and Henikoff, Proc. Nati. Acad. Sci. USA 89:10915 (1989)).

[0033] The BLAST algorithm also performs a statistical analysis of the similarity between two
sequences (see, e.g., Karlin and Altschul, Proc. Nat’l Acad Sci. USA 90:5873-5787 (1993)).
One measure of similarity provided by the BLAST algorithm is the smallest sum probability
(P(N)), which provides an indication of the probability by which a match between two nucleotide
or amino acid sequences would occur by chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum probability in a comparison of the test nucleic
acid to the reference nucleic acid is less than about 0.2, more preferably less than about 0.01, and

most preferably less than about 0.001.

[0034] The phrase "specifically binds," when used in the context of describing a binding
relationship of a particular molecule to a protein or peptide, refers to a binding reaction that is
determinative of the presence of the protein in a heterogeneous population of proteins and other
biologics. Thus, under designated binding assay conditions, the specified binding agent (e.g., an
antibody) binds to a particular protein at least two times the background and does not
substantially bind in a significant amount to other proteins present in the sample. Specific
binding of an antibody under such conditions may require an antibody that is selected for its
specificity for a particular protein or a protein but not its similar "sister" proteins. A variety of
immunoassay formats may be used to select antibodies specifically immunoreactive with a
particular protein or in a particular form. For example, solid-phase ELISA immunoassays are
routinely used to select antibodies specifically immunoreactive with a protein (see, e.g., Harlow
& Lane, Antibodies, A Laboratory Manuai (1988) for a description of immunoassay formats and
conditions that can be used to determine specific immunoreactivity). Typically a specific or
selective binding reaction will be at least twice background signal or noise and more typically
more than 10 to 100 times background. On the other hand, the term “specifically bind” when
used in the context of referring to a polynucleotide sequence forming a double-stranded complex
with another polynucleotide sequence describes “polynucleotide hybridization™ based on the
Watson-Crick base-pairing, as provided in the definition for the term “polynucleotide
hybridization method.”
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[0035] As used in this application, an "increase" or a "decrease" refers to a detectable positive
or negative change in quantity from a comparison control, e.g., an established standard control
(such as an average level of a marker gene mRNA found in the blood of pregnant woman who
delivers the infant in a normal time frame of her pregnancy). An increase is a positive change
that is typically at least 10%, or at least 20%, or 50%, or 100%, and can be as high as at least 2-
fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, or 10-fold of the control value.
Similarly, a decrease is a negative change that is typically at least 10%, or at least 20%, 30%, or
50%, or even as high as at least 80% or 90% of the control value. Other terms indicating
quantitative changes or differences from a comparative basis, such as "more," "less,” "higher,"
and "lower," are used in this application in the same fashion as described above. In contrast, the
term "substantially the same" or "substantially lack of change" indicates little to no change in
quantity from the standard control value, typically within + 10% of the standard control, or

within £+ 5%, 2%, or even less variation from the standard control.

[0036] A "polynucleotide hybridization method" as used herein refers to a method for
detecting the presence and/or quantity of a pre-determined polynucleotide sequence based on its
ability to form Watson-Crick base-pairing, under appropriate hybridization conditions, with a
polynucleotide probe of a known sequence. Examples of such hybridization methods include

Southern blot, Northern blot, and iz sifu hybridization.

[0037] "Primers" as used herein refer to oligonucleotides that can be used in an amplification
method, such as a polymerase chain reaction (PCR), to amplify a nucleotide sequence based on
the polynucleotide sequence corresponding to a marker gene (any one listed in Table 2 and
further including CD764 and CD621), e.g., the cDNA or genomic sequence for human B3GNTS5
gene or a portion thereof. Typically at least one of the PCR primers for amplification of a
polynucleotide sequence is sequence-specific for that polynucleotide sequence. The exact length
of the primer will depend upon many factors, including temperature, source of the primer, and
the method used. For example, for diagnostic and prognostic applications, depending on the
complexity of the target sequence, the oligonucleotide primer typically contains at least 10, or 15,
or 20, or 25 or more nucleotides, although it may contain fewer nucleotides or more nucleotides.
The factors involved in determining the appropriate length of primer are readily known to one of
ordinary skill in the art. In this disclosure the term "primer pair" means a pair of primers that

hybridize to opposite strands a target DNA molecule or to regions of the target DNA which flank

10
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a nucleotide sequence to be amplified. In this disclosure the term "primer site" means the area of

the target DNA or other nucleic acid to which a primer hybridizes.

[0038] A "label," "detectable label," or "detectable moiety" is a composition detectable by
spectroscopic, photochemical, biochemical, immunochemical, chemical, or other physical means.
For example, useful labels include **P, fluorescent dyes, electron-dense reagents, enzymes (e.g.,
as commonly used in an ELISA), biotin, digoxigenin, or haptens and proteins that can be made
detectable, e.g., by incorporating a radioactive component into the peptide or used to detect
antibodies specifically reactive with the peptide. Typically a detectable label is attached to a
probe or a molecule with defined binding characteristics (e.g., a polypeptide with a known
binding specificity or a polynucleotide), so as to allow the presence of the probe (and therefore

its binding target) to be readily detectable.

[0039] "Standard control” as used herein refers to a predetermined amount or concentration
of a polynucleotide sequence, e.g., mRNA of any one of the marker genes listed in Table 2 plus
CD164 and CD62L, that is present in a blood sample taken from a healthy pregnant woman or a
pregnant woman with frequent uterine contractions before 37 gestational weeks, and who
delivers the infant within the normal time frame of her pregnancy. The standard control value is
suitable for the use of a method of the present invention, to serve as a basis for comparing the
amount of a marker gene mRNA that is present in a test sample. An established sample serving
as a standard control provides an average amount of a marker mRNA that is typical for a blood
sample of an average, healthy pregnant woman or a pregnant woman with frequent uterine
contractions before 37 gestational weeks and who delivers her infant within normal time frame
of her pregnancy as conventionally defined. A standard control value may vary depending on
the nature of the sample (e.g., how it has been processed after collection), whether the mRNA
level is normalized over the level of mRNA of another reference gene (e.g., the ratio between the
marker mRNA level and the reference mRNA), as well as other factors such as the age,

gestational age, and ethnicity of the subjects based on whom such a control value is established.

[0040] The term "reference gene,” as used herein refers to a “housekeeping™ gene that is
known to be consistently expressed at a readily detectable and substantially constant level in the
blood samples. Examples of such “housekeeping™ genes for blood samples include GAPDH
(glyceraldehyde 3-phosphate dehydrogenase), SDHA (succinate dehydrogenase), HPRT!
(hypoxanthine phosphoribosyl transferase 1), HBS1. (HBS1-like protein), AHSP (alpha

11
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haemoglobin stabilising protein), ACTB (beta-actin), RNA18S5 (RNA, 185 nibosomal 5),
FCGR34 (the Fc fragment of IgG, low affinity I1la, receptor), FCGR3B (the Fc fragment of IgG,
low affinity I1la, receptor), B2A4 (beta-2-microglobulin), HUWEI (HECT, UBA and WWE
domain containing 1, E3 ubiquitin protein ligase), P77 (tumor protein, translationally-
controlled 1), MYZ12B (myosin, light chain 12B, regulatory), SKP1I (S-phase kinase-associated
protein 1) and any genes identified as suitable for normalization of expression data from blood
samples (Chang ef al., 2011; Cheng et al., 2011). Multiple “housekeeping genes” may also be

used.

[0041] The term "average," as used in the context of describing a pregnant woman who is
healthy, or a pregnant woman with frequent uterine contractions before 37 gestational weeks,
and who is later confirmed to deliver within the normal time frame of her pregnancy, refers to
certain characteristics, especially the amount of certain marker gene mRNA found in the
woman’s blood sample that are representative of a randomly selected group of healthy pregnant
women, or pregnant women with frequent uterine contractions before 37 gestational weeks, and
who are later confirmed to deliver within the normal time frame of pregnancy. This selected
group should comprise a sufficient number of women such that the average amount of the
marker mRNA in the blood of these individuals reflects, with reasonable accuracy, the
corresponding amount of the marker mRNA in the general population of healthy pregnant
women, or pregnant women with frequent uterine contractions before 37 gestational weeks, and
who deliver their infants in the normal time frame of pregnancy. In addition, the selected group
of women generally have a similar gestational age to that of a subject whose sample is tested for
the risk of premature delivery. Moreover, other factors such as age, ethnicity, medical history
are also considered and preferably closely matching between the profiles of the test subject and
the selected group of individuals establishing the "average" value.

[0042] The term "amount" as used in this application refers to the quantity of a polynucleotide
of interest, e.g., a marker gene mRNA, present in a sample. Such quantity may be expressed in
the absolute terms, 7 e., the total quantity of the polynucleotide in the sample, or in the relative
terms, i.e., the concentration of the polynucleotide in the sample, including expressed in the form
of a ratio between the maker mRNA level and a reference mRNA level produced by a so-called

normalization process.
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[0043] The term "treat" or "treating," as used in this application, describes to an act that leads
to the elimination, reduction, alleviation, reversal, or prevention or delay of onset or recurrence
of any symptom of a relevant condition. In other words, "treating" a condition encompasses both

therapeutic and prophylactic intervention against the condition.

[0044] The term "effective amount” as used herein refers to an amount of a given substance
that is sufficient in quantity to produce a desired effect, for instance, to reduce the risk of the
premature birth of an infant prior to 37 weeks or 34 weeks of gestational age or to prevent such

premature birth.

DETAILED DESCRIPTION OF THE INVENTION
L. Introduction
[0045] Premature human birth, especially birth before 37 weeks or even before 34 weeks of
gestational age, leads to increased infant mortality and developmental problems. To date, fetal
fibronectin in the cervicovaginal fluids and cervical length using transvaginal ultrasonography
are the clinically useful markers for predicting human birth sooner than 37 gestational weeks.
For example, Lockwood ef @/ measured the concentrations of fetal fibronectin in cervical or
vaginal fluid in 117 women with symptoms of uterine contractions and intact membrane.
Using >50 ng/mL as a threshold, Lockwood ef a/. predicted women who delivered before 37
gestational weeks at a sensitivity of 81.7% and a specificity of 82.5% (Lockwood ef al. 1991).
Recently, a systematic review on multiple similar studies has estimated that this test could
predict birth before 34 weeks among symptomatic women at a sensitivity of 74.6% and
specificity of 79.5% (Honest ef al. 2003).

[0046] On the other hand, Murakawa ef @/. measured the cervical length using transvaginal
ultrasonography in 32 women with symptoms of uterine contractions before 37 weeks. Using
<25 mm as a threshold, Murakawa ef a/. predicted women who delivered before 37 weeks at a
sensitivity of 63.6% and a specificity of 85.7% (Murakawa et @/. 1993). Recently, a systematic
review on multiple similar studies has estimated that this test could predict birth before 34 weeks
among symptomatic women at a sensitivity of 46.2% and specificity of 93.7% (Sotiriadis ef a/.
2010).

[0047] Besides fetal fibronectin and cervical length, 319 studies involving 22 tests have been
systematically reviewed for their performance in predicting birth before 37 weeks, and none have

exceptional accuracy (Honest ef @/. 2012). Hence, novel markers which could predict human
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birth before 37 weeks with higher sensitivity and higher specificity are much needed, so that

prevention and intervention can be targeted at those who are most likely to benefit.

[0048] The present inventors discovered for the first time that mRNA of several biomarkers
found in a pregnant woman’s blood can serve as accurate markers to indicate the likelihood of
premature birth. This discovery provides important means for determining the risk of premature
birth and for prophylactic treatment of premature birth. This method for predicting premature
delivery may be applied to pregnant women with or without symptoms known to be associated
with premature birth, such as uterine contractions before 37 gestational weeks or prelabor rupture
of membrane, including to women who have experienced no regular uterine contractions but
have (1) previous history of giving birth sooner than 37 weeks in previous pregnancies; (2) a
shortened cervical length, funneling or sludge in the cervix; (3) signs of infection or

inflammation of the reproductive tract; (4) antepartum hemorrhage; or (5) multiple pregnancies.

II1. General Methodology

[0049] Practicing this invention utilizes routine techniques in the field of molecular biology.
Basic texts disclosing the general methods of use in this invention include Sambrook and Russell,
Molecular Cloning, A Laboratory Manual (3rd ed. 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Marnual (1990), and Current Protocols in Molecular Biology (Ausubel
etal, eds., 1994)).

[0050] For nucleic acids, sizes are given in either kilobases (kb) or base pairs (bp). These are
estimates derived from agarose or acrylamide gel electrophoresis, from sequenced nucleic acids,
or from published DNA sequences. For proteins, sizes are given in kilodaltons (kDa) or amino
acid residue numbers. Protein sizes are estimated from gel electrophoresis, from sequenced

proteins, from derived amino acid sequences, or from published protein sequences.

[0051] Oligonucleotides that are not commercially available can be chemically synthesized,
e.g., according to the solid phase phosphoramidite triester method first described by Beaucage
and Caruthers, Tetrahedron Lett. 22:1859-1862 (1981), using an automated synthesizer, as
described in Van Devanter ef. al., Nucleic Acids Res. 12:6159-6168 (1984). Purification of
oligonucleotides is performed using any art-recognized strategy, e.g., native acrylamide gel
electrophoresis or anion-exchange high performance liquid chromatography (HPLC) as
described in Pearson and Reanier, J. Chrom. 255: 137-149 (1983).
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[0052] The sequence of interest used in this invention, e.g., the polymuicleotide sequence of the
human B3GNTS5, CLC, CDI164, or CD62L gene, and synthetic oligonucleotides (e.g., primers)
can be verified using, e.g., the chain termination method for sequencing double-stranded

templates of Wallace efal, Gene 16: 21-26 (1981).

ITI. Acquisition of Blood Samples and Analysis of Marker mRNA

[0053] The present invention relates to measuring the amount of mRNA transcribed from at
least one of marker genes found in a pregnant woman’s blood, especially in a plasma or serum
sample, as a means to assess the risk of woman delivering the infant prematurely. The marker
genes include those identified in Table 2, as well as CD1764 and CD62L. Thus, the first steps of
practicing this invention are to obtain a blood sample from a pregnant woman being tested and

extract mRNA from the sample.

A. Acquisition and Preparation of Blood Samples

[0054] A blood sample is obtained from a pregnant woman at a gestational age suitable for
testing using a method of the presentinvention. The suitable gestational age may vary
depending on the disorder tested, as discussed below. Collection of blood from a woman is
performed in accordance with the standard protocol hospitals or clinics generally follow. An
appropriate amount of peripheral blood, e.g., typically between 5-50 ml, is collected and may be
stored according to standard procedure prior to further preparation.

[0055] The analysis of mRNA transcribed from one or more marker genes found in maternal
blood according to the present invention may be performed using, e.g., whole blood or any
preparation of whole blood that contains the blood cells. Preparations of blood that do not
contain the blood cells, such as plasma or serum, are also useful for the purpose of practicing the
present invention, due to blood cells being the predominant source of nucleic acids present in the
plasma or serum (Lui ef @/, 2002). For preparing blood cells from a sample, the methods for
removing the acellular portion, such as plasma or serum, from maternal blood are well known
among those of skill in the art. For example, a pregnant woman's blood can be placed in a tube
containing EDTA or a specialized commercial product such as Vacutainer SST (Becton
Dickinson, Franklin Lakes, NJ) to prevent blood clotting, and plasma can then be separated and
then removed from the celluar fraction of whole blood through centrifugation or sedimentation
by gravity alone for an appropriate period of time If centrifugation 1s used then it is typically,
though not exclusively, conducted at an appropriate speed, e.g., 1,500-3,000 x g. For preparation
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of plasma/serum from a blood sample, the methods are also well known among those of skill in
the art. For example, a blood sample collected in EDTA-containing tubes is centrifuged at
16,000 x g for 10 minutes in 4°C to remove plasma, and re-centrifuged at 1,600 x g for 10
minutes in 4°C to remove any residual plasma. Furthermore, after the whole blood, blood cells,
plasma or serum have been collected or prepared, additives may be added to preserve the RNA.
These additivies may include monophasic solution of phenol and guanidinium isothiocyanate, or
the commercially available reagents, including Trizol (Life Technologies), Trizol LS (Life
Technologies), RNA Later (Life Technologies — Ambion), RNA Later ICE (Life Technologies -
Ambion) and blood collection tubes associated with the PreanAlytiX system (Qiagen/Beckton
Dickson). Unless otherwise stated, these commercially available reagents for preserving and/or

extracting the RNA are performed according to the manufacturers’ recommendations.

B. Extraction and Quantitation of RNA

[0056] There are numerous methods for extracting mRNA from a biological sample. The
general methods of mRNA preparation (e.g., described by Sambrook and Russell, Molecuiar
Cloning: A Laboratory Mamial 3d ed., 2001) can be followed, various commercially available
reagents or kits, such as Trizol reagent (Invitrogen, Carlsbad, CA), Oligotex Direct mRNA Kits
(Qiagen, Valencia, CA), RNeasy Mini Kits (Qiagen, Hilden, Germany), and PolyATtract®
Series 9600™ (Promega, Madison, WI), may also be used to obtain mRNA from a biological

sample from a test subject. Combinations of more than one of these methods may also be used.

[0057] Itis essential that all contaminating DNA be eliminated from the RNA preparations.
Thus, careful handling of the samples, thorough treatment with DNase, and proper negative
controls in the amplification and quantification steps should be used.

1. PCR-Based Quantitative Determination of mRNA Level
[0058] Once mRNA is extracted from a sample, the amount of mRNA transcribed from one or
more of the marker genes identified in Table 2 may be quantified. The preferred method for
determining the mRNA level is an amplification-based method, e.g., by polymerase chain

reaction (PCR), especially reverse transcription-polymerase chain reaction (RT-PCR).

[0059] Prior to the amplification step, a DNA copy (cDNA) of the marker gene mRNA must
be synthesized. This is achieved by reverse transcription, which can be carried out as a separate

step, or in a homogeneous reverse transcription-polymerase chain reaction (RT-PCR), a
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modification of the polymerase chain reaction for amplifying RNA. Methods suitable for PCR
amplification of nibonucleic acids are described by Romero and Rotbart in Diagnostic Molecular
Biology: Principles and Applications pp.401-406; Persing ef a/., eds., Mayo Foundation,
Rochester, MN, 1993; Egger efal,J. Clin. Microbiol 33:1442-1447,1995; and U.S. Patent No.
5,075,212.

[0060] The general methods of PCR are well known in the art and are thus not described in
detail herein. For areview of PCR methods, protocols, and principles in designing primers, see,
e.g., Innis, etal, PCR Profocols: A Guide to Methods and Applications, Academic Press, Inc.
N.Y ., 1990. PCR reagents and protocols are also available from commercial vendors, such as

Roche Molecular Systems.

[0061] PCR is most usually carried out as an automated process with a thermostable enzyme.
In this process, the temperature of the reaction mixture is cycled through a denaturing region, a
primer annealing region, and an extension reaction region automatically. Machines specifically

adapted for this purpose are commercially available.

[0062] Although PCR amplification of the target mRNA is typically used in practicing the
present invention, one of skill in the art will recognize that amplification of these mRNA species
in a maternal blood sample may be accomplished by any known method, such as ligase chain
reaction (LLCR), transcription-mediated amplification, and self-sustained sequence replication or
nucleic acid sequence-based amplification (NASBA), helicase dependent amplification (HDA),
rolling circle amplification (RCA) and loop-mediated isothermal amplification (LAMP), each of
which provides sufficient amplification. More recently developed branched-DNA technology
may also be used to quantitatively determining the amount of mRNA markers in maternal blood.
For a review of branched-DNA signal amplification for direct quantitation of nucleic acid

sequences in clinical samples, see Nolte, Adv. Clin. Chem. 33:201-235, 1998.

2. Other Quantitative Methods
[0063] The marker gene mRNA can also be detected using other standard techniques, well
known to those of skill in the art. Although the detection step is typically preceded by an
amplification step, amplification is not required in the methods of the invention. For instance,
the mRNA may be identified by size fractionation (e.g., gel electrophoresis), whether or not
proceeded by an amplification step. After running a sample in an agarose or polyacrylamide gel

and labeling with ethidium bromide according to well-known techniques (see, e.g., Sambrook
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and Russell, supra), the presence of a band of the same size as the standard comparison is an
indication of the presence of a target mRNA, the amount of which may then be compared to the
control based on the intensity of the band. Alternatively, oligonucleotide probes specific to
marker gene mRNA can be used to detect the presence of such mRNA species and indicate the
amount of mRNA in comparison to the standard comparison, based on the intensity of signal

imparted by the probe.

[0064] Sequence-specific probe hybridization is a well-known method of detecting a particular
nucleic acid comprising other species of nucleic acids. Under sufficiently stringent hybridization
conditions, the probes hybridize specifically only to substantially complementary sequences.
The stringency of the hybridization conditions can be relaxed to tolerate varying amounts of

sequence mismatch.

[0065] A number of hybridization formats well-known in the art, including but not limited to,
solution phase, solid phase, or mixed phase hybridization assays. The following articles provide
an overview of the various hybridization assay formats: Singer ef al., Biotechnigues 4:230, 1986;
Haase et al., Methods in Virology, pp. 189-226, 1984; Wilkinson, /n situ Hybridization,
Wilkinson ed., IRL Press, Oxford University Press, Oxford; and Hames and Higgins eds.,
Nucleic Acid Hybridization: A Practical Approach, IRL Press, 1987.

[0066] The hybridization complexes are detected according to well-known techniques.
Nucleic acid probes capable of specifically hybnidizing to a target nucleic acid, i.e., the mRNA
or the amplified DNA, can be labeled by any one of several methods typically used to detect the
presence of hybridized nucleic acids. One common method of detection is the use of
autoradiography using probes labeled with *H, '®L, *°S, C, or **P, or the like. The choice of
radioactive isotope depends on research preferences due to ease of synthesis, stability, and half-
lives of the selected isotopes. Other labels include compounds (e.g., biotin and digoxigenin),
which bind to antiligands or antibodies labeled with fluorophores, chemiluminescent agents, and
enzymes. Alternatively, probes can be conjugated directly with labels such as fluorophores,
chemiluminescent agents or enzymes. The choice of label depends on sensitivity required, ease

of conjugation with the probe, stability requirements, and available instrumentation.

[0067] The probes and primers necessary for practicing the present invention can be
synthesized and labeled using well-known techniques. Oligonucleotides used as probes and
primers may be chemically synthesized according to the solid phase phosphoramidite triester

18



WO 2015/010442 PCT/CN2014/000608

method first described by Beaucage and Caruthers, Tetrahedron Letts., 22:1859-1862, 1981,
using an automated synthesizer, as described in Needham-VanDevanter ef al., Micleic Acids Res.
12:6159-6168, 1984. Purification of oligonucleotides is by either native acrylamide gel
electrophoresis or by anion-exchange HPLC as described in Pearson and Regnier, J. Chrom.,

255:137-149, 1983.

Iv. Fstablishing a Standard Control

[0068] In order to establish a standard control for practicing the method of this invention, a
group of “healthy” pregnant women, or pregnant women with frequent uterine contractions
before 37 gestational weeks, and who are later confirmed to deliver within the normal time frame
of her pregnancy as determined by conventional methods is first selected. These individuals are
within the appropriate parameters, such as a particular gestational age and comparable health
status. Optionally, the individuals are further grouped based on similar age or similar ethnic
background.

[0069] The normal delivery time of the selected individuals will be confirmed later on, and
anyone among the selected individuals who turn out to give birth sooner or later than the normal

delivery time frame will be excluded from the group to provide data as a “standard control.”

[0070] Furthermore, the selected group of individuals must be of a reasonable size, such that
the average amount/concentration of marker mRNA in the blood sample obtained from the group
can be reasonably regarded as representative of the normal or average level among the general
population of healthy pregnant women, or pregnant women with frequent uterine contractions
before 37 gestational weeks, and who will give birth within the normal time frame. Preferably,

the selected group comprises at least 10 human subjects.

[0071] In accordance with the fundamental scientific principle of establishing a control value,
the mRNA level in the control group is determined by the same method used to determining the
mRNA level in the test individuals. For example, if the mRNA level of a marker gene is
determined in a particular type of sample (e.g., plasma) taken from a woman being tested, the
control must be also obtained from the same type of sample. If the mRNA level of a marker gene
1s determined after being normalized over the mRNA level of a reference gene (e.g., represented
by the ratio of a marker gene mRNA to a reference gene mRNA), then the standard control must

also be represented in the form of a normalized value over the same reference gene mRNA level.
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[0072] Once an average value for any one given marker mRNA is established based on the
individual values found in each subject of the selected control group, this average or median is
considered a standard control. A standard deviation is also determined during the same process.
In some cases, separate standard controls may be established for separately defined groups

having distinct characteristics such as age, gender, or ethnic background.

V. Therapeutic Methods for Preventing Premature Birth

[0073] By illustrating the correlation between the mRNA level of the marker genes identified
in Table 2 and the risk of premature birth, the present invention further provides a means for
prophylactically treating pregnant women who are otherwise likely to experience preterm labor
and deliver their infants well before they reach the full term: once an increased or decreased
marker mRNA level is detected and an increased risk of premature birth is determined, the
attending physician has the option to treat the woman prophylactically, for example, with
antenatal corticosteroids, which has been shown to reduce neonatal morbidity and mortality from
respiratory distress, intraventricular hemorrhage, necrotizing enterocolitis, and patent ductus
arteriosus (Roberts and Dalziel, 2006, Cochrane Database Syst Rev(3): CD004454; Wapner et al.
2006, Am J Obstet Gynecol 195(3): 633-42). Also, tocolytic drugs may be used to prolong
pregnancy in women at high risk of giving birth too early. The use of these drugs provides a 48-
hour delayed delivery, which allows transfer to a specialist unit and administration of
corticosteroids to reduce neonatal morbidity and mortality (Iams ef af., 2008 Lancet 371(9607):
164-75). In addition, treatment with transdermal glyceryl trinitrate has been reported to
effectively decrease neonatal morbidity (Smith et al. 2007, 4m J Obstet Gynecol 196(1): 37 el-8).
As used herein, treatment of premature birth encompasses reducing or eliminating the likelihood
of a pregnant woman giving birth any time before 37 weeks of gestational age, for example,
before 34 weeks of gestational age.

[0074] Another possibility to treat premature birth is by directly regulating the mRNA level of
the marker gene(s) that have been shown to deviate from a standard control value. For example,
when a marker gene is found to have increased from the standard control value, measures may be
taken to specifically reduce the level of mRNA of this gene. Antisense polynucleotide sequences
and siRNA may be administered to the pregnant woman for this purpose. On the other hand,
when a marker gene is found to have decreased from the standard control value, measures may

be taken to specifically increase the level of mRNA of this gene. An isolated nucleic acid, such
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as an expression cassette, containing the coding sequence of the marker gene and directing the

transcription of the sequence may be administered to the pregnant woman for this purpose.

VI. KITS AND DEVICES
[0075] The invention provides compositions and kits for practicing the methods described
herein to assess the mRNA level of any one marker genes (such as those listed in Table 2, as well

as CD16A and CD62L) for determining the risk of premature delivery in a pregnant woman.

[0076] Kits for carrying out assays for determining the marker gene mRNA level typically
include at least one oligonucleotide probe useful for specific hybridization with at least one
segment of the marker gene coding sequence or its complementary sequence. Optionally, this
oligonucleotide probe is labeled with a detectable moiety. In some cases, the kits may include at
least two oligonucleotide primers that can be used in the amplification of at least one segment of
the marker gene DNA or mRNA by PCR, particularly by RT-PCR. In some cases, the kits may
contain multiple sets of the above-described probe and/or primers, such that more than one
marker gene mRNA maybe tested and quantitated. In some case, the kits may further contain the
above-described probe and/or primers that can be used to determine the mRNA level of a

reference gene.

[0077] Often, the kits also include an appropriate standard control. The standard controls
indicate the average value of one or more marker gene mRNA in a particular type of blood
sample. In some cases such standard control may be provided in the form of a set value. In
addition, the kits of this invention may provide instruction manuals to guide users in analyzing

test samples and assessing the risk of premature birth in a test subject.

[0078] In a further aspect, the present invention can also be embodied in a device or a system
comprising one or more such devices, which is capable of carrying out all or some of the method
steps described herein. For instance, in some cases, the device or system performs the following
steps upon receiving a blood sample, e.g., a plasma sample taken from a pregnant woman being
tested for the risk of premature birth, assessing the risk of premature birth: (a) determining in the
sample the amount or concentration of a marker gene mRNA, which optionally may be
normalized over the mRNA level of a reference gene; (b) comparing the amount or concentration
with a standard control value; and (c) providing an output indicating whether increased risk of

premature birth is present. In other cases, the device or system of the invention performs the task
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of steps (b) and (c), after step (a) has been performed and the amount or concentration from (a)

has been entered into the device. Preferably, the device or system is partially or fully automated.

EXAMPLES
[0079] The following examples are provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily recognize a variety of non-critical parameters that

could be changed or modified to yield essentially the same or similar results.

INTRODUCTION

[0080] Currently, fetal fibronectin in the cervicovaginal fluid and cervical length determined
by transvaginal ultrasonography are the best available makers for predicting human birth before
37 gestational weeks. While these methods are used for their high specificity, their sensitivity is

only moderate.

[0081] The present inventors have a long-standing interest in the systematic discovery of
pregnancy-associated RNA, microRNAs (Tsw ef al. 2004; Chim ef a/. 2008) and DNA
methylation markers (Chim ef @/ 2005; Chim et @/ 2008; Tsui ef al. 2010) circulating in
maternal peripheral blood plasma. Of clinical interest, the inventors have discovered that certain
circulating RNA transcripts are detected more frequently in women presenting with uterine
contractions and resulting in birth sooner than 34 gestational weeks, but not in gestational age-
matched women (Chim ef @l 2012). The promising data in the cell-free maternal plasma
prompted the inventors to systematically investigate if other blood compartments, including
blood cells, contain RNA transcripts that may predict birth sooner than 34 weeks.

[0082] To identify such markers in a systematic and whole-genome approach, the inventors
have profiled the RNA levels of almost all 30,000 human genes and their variants using the exon
array technology. This technology has enabled the inventors to generate the global gene
expression (RNA) profile, or transcriptome, of blood at high resolution at the exon level, which
1s more detailed than the gene level. The inventors have systematically profiled the
transcriptomes of maternal blood obtained from women during their presentation of regular
uterine contractions before 34 weeks. Of these, a panel of RNA transcripts from 32 genes has
been identified to be readily measureable and differentially expressed in blood of women
resulting in birth sooner than 34 weeks, compared with those resulting in birth on or later than 37

weeks.
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[0083] Since human birth sooner than 34 gestational weeks are more susceptible to neonatal
mortality and morbidity, birth sooner than 34 weeks has been used as an outcome measure in
most parts of this study. However, such experimental design and outcome measure do not
preclude discovery of markers for predicting birth before 37 weeks, or within 2-7 days of

presentation of uterine contractions.

[0084] Using quantitative reverse-transcriptase polymerase chain reaction (QRT-PCR), the
inventors have demonstrated that the identified blood markers, when used alone, could already

be used to predict birth sooner than 34 weeks at high sensitivity and high specificity.

METHODS AND RESULTS

[0085] Recruitment of participants. Pregnant women with regular and frequent uterine
contractions (>1 every 10 minutes) before 34 gestational weeks were invited to participate in this
study with informed consent. Peripheral blood was obtained from each participant during
preterm uterine contraction. The delivery outcome was followed up. Women who were later
confirmed to result in birth sooner than 34 weeks were categorized as the test group, and those
who were later confirmed to result in birth on or later than 37 weeks were categorized as the
reference group. Pregnancies involving indicated preterm birth, preeclampsia, multiple
pregnancies, fetal distress, growth restriction, chromosomal or structural abnormalities were

excluded.

[0086] Blood processing. 12 mL of peripheral blood was collected into EDTA -containing
tubes (Beckton Dickson) from the pregnant women during presentation of preterm uterine
contraction, processed within 6 hours. Briefly, the blood was centrifuged 1,600 x g. Plasma was
removed. The blood sample was centrifuged again at 5,000 x g for further removal of plasma.
0.3 mL of harvested blood cells were mixed with 0.9 mL Trizol LS (Invirtogen, Life
Technologies), and stored at -80 degrees Celsius until RNA extraction

[0087] Profiling of the blood transcriptomes based on exon array. For each blood sample,
RNA was extracted from Trizol LS-blood cells and treated with DNase I (Invitrogen, Life
Technologies) to remove genomic DNA contamination. The quantity and quality of the RNA
preparations from placental tissue were assessed by spectrophotometer and Bioanalyzer (Agilent).
Six blood RNA samples (3 from the test group, and another 3 from the reference group, Table 1)
were analyzed using Exon 1.05T gene expression array (Affymetrix), according to

manufacturers’ instructions.

23



WO 2015/010442 PCT/CN2014/000608

[0088] Preprocessing of exon array data. The probe signal data were then analyzed using
the Partek Genomics Suite (version 6.5, Partek Inc.). To normalize probe signals from different
blood samples, the Robust Multi Array (RMA) normalization (Irizarry ef /. 2003) was
performed. Each array contains over 1,400,000 sets of probes interrogating the RNA expression
levels of essentially all =30,000 human genes and transcript variants. Although the majority of
the probe signals were unchanged in any microarray data, their sheer number would hamper the
statistical analysis, including the multiple hypotheses testing, and hence must be removed. To
this end, the inventors first performed a T-test (without adjustment for multiple testing
comparison) on all probes and found that only 9,264 probes were changed between the test and

reference groups.

[0089] Data mining and systematic identification of markers. To account for the difference
in gestational age at blood collection, each sample in the test group with was paired up another
sample in the reference group with matched gestational age (within 1 week). To identify probes
that were changed between the two groups, a paired T-test was performed on the 9,264 probes.
Among them, 3,778 probes were changed between the two groups (p-values, range 5.0 x 10° to
0.049). To make adjustment for multiple hypothesis testing, q-values were calculated by the
False Discovery Rate method (Storey 2002), and 3500 probes were selected (q-value <
0.007639). Among them, the median signals of 153 probes were changed by >2.6-fold between
the two groups (72 probes and 81 probes were up-regulated and down-regulated, respectively, in

the test group, compared with the reference group).

[0090] To further isolate the up-regulated probes that might potentially distinguish the two
groups, the inventors searched for probes of which the first quartile of the signals in the test
group was >2-fold higher than the third quartile of the signals in the reference group, and
selected 52 probes fulfilling this criterion. Similarly, to further isolate the down-regulated
probes that might distinguish the two groups, the inventors searched for probes of which the first
percentile of the signals in the reference group was >2-fold higher than the third percentile of the
signals in the reference group, and selected 72 probes fulfilling this criterion. Thus, 124 probes
(=52+72) were identified with potential to distinguish the two groups.

[0091] To further refine on the RNA transcripts that would be readily detectable in the blood
sample, the inventors selected only the RNA transcripts represented by >1 probe with median

expression signal >169 units (=2 " 7.4 units) in at least one group, and identified 48 probes (14
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up-regulated probes and 34 down-regulated probes). These probe signals were derived from
RNA transcripts from 32 genes (13 up-regulated genes and 19 down-regulated genes). Itis
reasoned that this panel of 32 RNA transcripts are readily detectable in blood and can be used to
predict women resulting in birth sooner than 34 weeks (Table 2).

[0092] QRT-PCR analysis of novel markers identified. To demonstrate that markers
identified using the exon array technology and the above data-mining strategy (Table 2) are
useful, the inventors performed qRT-PCR, the gold-standard in gene expression profiling.
Twenty blood RNA samples (10 from the test groups, another 10 from the reference group,

Table 3) collected from women were analyzed.

[0093] The concentrations of 3 marker RNA transcripts identified in Table 2 were determined
by qRT-PCR. Namely, the concentrations of those mRNA coding for UDP-GlcNAc: betaGal
beta-1,3-N-acetyighicosaminyitransferase 5 (B3GTNS), Charcot-Leyden crystal galectin (CLC),
and guanylate binding protein 3 (GBP3) were measured. The former marker RNA transcript has
been shown to be up-regulated in blood of women resulting in birth sooner than 34 weeks,
compared to those resulting in birth on or later than 37 weeks, while the latter two markers have
been shown to be down-regulated. To control for variations in RNA input into each gqRT-PCR,
the marker RNA concentrations were normalized against a reference RNA, the glyceraldehyde-

3-phosphate dehyrdogenase (GAPDH) mRNA.

[0094] For the B3GNTS5 qRT-PCR assay, the forward primer was 5°-TTG GGC TTG CTT
TGT TTC CT-3’, the reverse primer was 5’-GCC TGC CGA TCT GGT AGA AG -3’, and the
hydrolysis probe was 5’ (6FAM)-AGG CCC AGC ATT T-3’(MGB), where 6FAM was the 6-
carboxyfluorescein reporter dye and MGB was the minor groove-binding nonfluorescent
quencher. For the CLC qRT-PCR assay, the forward primer was 5’-GCT GCC TCT TTG TCT
ACT GGT TCT A -3°, the reverse primer was 5°-GCA GAT ATG GTT CAT TCA AGA AACA
-3’, and the hydrolysis probe was 5(6FAM)’-AAT CAA AGG GCG ACC ACT-3’(MGB). For
the GBP3 qRT-PCR assay, the forward primer was 5’-GGC CTC GTC TAG AGA GCC TAG
TG-3, the reverse primer was 5’- TGC GTT CTC CAT GCA GGG-3’, and the hydrolysis probe
was 5’(6FAM)-TGA CCT ATA TCA ATG CTA TCA G-3’(MGB). For the GAPDH qRT-PCR

assay, the sequences for primers and probe was published previously (Chim efal 2012).

[0095] To minimize the effect of any contaminating genomic DNA in the RNA preparations,
the qRT-PCR assay for all mRNA targets, except for the B3GNTS5 mRNA, was designed to be
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intron-spanning. However, due to certain constrains of the mRNA sequence, the RT-qPCR assay
for B3AGNTS5 mRNA did not span any intron.

[0096] For all qRT-PCR assays, except the B3GNT'5 assay, each qRT-PCR was setupina
reaction volume of 25 L using components supplied in an EZ rTth RNA PCR reagent set (Life
Technologies). Each reaction contained 5 plL. of 5x EZ buffer, and final concentrations of 3 mM
Mn(OAc);, 300 uM each of dATP, dCTP, dGTP, 600 uM dUTP, 2.5 U of r'Tth polymerase, 0.25
U of uracil N-glycosylase (UNG) and 5 pul. of RNA extracted from a blood sample. For the
B3GNTS assay, each qRT-PCR was set up in a reaction volume of 12.5 pL containing 2.5 pL of
5x EZ buffer, and final concentrations of' 3 mM Mn(OAc),, 300 uM each of dATP, dCTP, dGTP,
600 uM dUTP, 2.5 U of r'Tth polymerase, 0.25 U of uracil N-glycosylase (UNG) and 2.5 pL of
RNA extracted from a blood sample. For all the qRT-PCR assays in this study, the final
concentrations of forward primers, reverse primer and hydrolysis probes were 300 nM, 300 nM
and 200 nM, respectively. The thermal cycling conditions were 50°C for 2 minutes, 60°C for 30
minutes, 95°C for 5 minutes, followed by 45 cycles of (94°C for 20 seconds and 60°C for 1

minute).

[0097] The amplification of mRNA target was monitored and analyzed by an ABI Prism 7900
Sequence Detection System (Life Technologies) and Sequence Detection Software version 2.1
(Life Technologies). For each assay, a calibration was prepared by amplifying serial dilutions of
HPLC-purified synthetic DNA oligonucleotides (Sigma-Proligo) representing the targeted
amplicon at known concentrations. Absolute concentrations of mRNA targets were calculated as
the number of copies per ng of total RNA in blood cells. For each blood RNA sample, a
normalized marker RNA concentration was calculated by dividing the absolute concentration of
the marker RNA (i.e., the B3AGNTS5 mRNA, the CLC mRNA, and the GBP3 mRNA) by the
absolute concentration of the reference RNA (i.e., the G4 PDH mRNA). There was no unit to this

normalized marker RNA concentration.

[0098] QRT-PCR analysis of RNA transcripts not listed in Table2. To compare and
contrast the predictive performance of the marker RNA transcripts identified in this study (Table
2), two RNA transcripts not listed in Table 2 were analyzed in parallel, namely those coding for
the Fc fragment of IgG, low affinity llla, receptor (FCGR3A, synonym: CD16A4) and the selectin
L(SELL, synonym: CD6217). These two RNA transcripts been shown to be highly expressed in
blood cells and only lowly expressed in other human cells (Su ez @ 2004). Twenty blood RNA
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samples (10 from the test groups, another 10 from the reference group, Table 3) collected from

women were analyzed.

[0099] Forthe CDI64 qRT-PCR assay, the forward primer was 5°-ACC CGG TGC AGC
TAG AAG TC-3°, the reverse primer was 5°-GAA TAG GGT CTT CCT CCT TGA ACA-3’,
and the hydrolysis probe was 5’ (6 FAM)-TTG CTC CAG GCC CCT-3’(MGB). For the CD621L
qRT-PCR assay, the forward primer was 5°-TTC AGC CTC CCC ACC TTC T-3’, the reverse
primer was 5°-GGT GTG GAA GTC AGC CAA CTG-3°, and the hydrolysis probe was
5’(6FAM)-CAG CCA CCT CTC TT-3’(MGB). Reaction conditions and thermal profile were
same as other qRT-PCR assays mentioned above. For each blood RNA sample, normalized
concentrations of the CD164 mRNA and the CD62L mRNA were calculated as stated above.

[0100] Data from the gRT-PCR assay targeting the B3GNTY mRNA shortlisted by this
study (Table 2). Blood samples were collected from 20 women during the presentation of
regular and frequent uterine contractions. Among them, 10 women resulted in birth sooner than
34 weeks (the test group), and the remaining 10 resulted in birth on or later than 37 weeks (the
reference group). The medians (first quartiles-third quartiles) of the G4 PDH-normalized blood
B3GNTS5 mRNA concentrations were 1.06 (0.644-1.44) and 0.362 (0.211-0.391) in the test group
and reference group, respectively (Fig. 1). This median normalized B3GNTS5 mRNA
concentrations in the test group was 2.99-fold higher than that in the reference group (p=0.002,
Mann-Whitney rank sum test).

[0101] To determine the optimal threshold concentrations of this marker for identifying birth
sooner than 34 weeks, the inventors plotted the receiver-operating characteristics (ROC) curve
(Fig. 2, area under curve =0.915, 95% confidence interval (CI) =0.788-1.04, p=0.00172).
Using the GA PDH-normalized blood B3GNTS mRNA concentrations > 0.495 as a threshold to
define a woman as positive for this assay, the inventors were able to identify the women
resulting in birth sooner than 34 weeks at 90.0% sensitivity and 90.0% specificity. The positive
predictive value and negative predictive value for the B3GNTS mRNA are 90.0% and 90.0%,

respectively.

[0102] Data from the qRT-PCR assay targeting the CLC mRNA shortlisted by this study
(Table 2). The medians (first quartiles-third quartiles) of the G4 PDH-normalized blood CLC
mRNA concentrations were 2.40 (1.68-4.03) and 6.05 (4.43-15.6) in the test group and reference
group, respectively (Fig. 3). This median normalized CLC mRNA concentrations in the test
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group was 2.52-fold lower than that in the reference group (p=0.011, Mann-Whitney rank sum
test).

[0103] The ROC curve was plotted (Fig. 4, area under curve = 0.840, 95% CI =0.637 to 1.04,
p=0.0102). Using the GAPDH-normalized blood CLC mRNA concentrations < 4.150 as a
threshold to define a woman as positive for this assay, the inventors were able to identify the
women resulting in birth sooner than 34 weeks at 80% sensitivity and 90% specificity. The
positive predictive value and negative predictive value for the CLC mRNA are 88.9% and 81.8%,

respectively.

[0104] Data from the qRT-PCR assay targeting the GBP3 mRNA shortlisted by this
study (Table 2). The medians (first quartiles-third quartiles) of the G4PDH-normalized blood
GBP3 mRNA concentrations were 0.0587 (0.0134-0.131) and 0.465 (0.107-0.867) in the test
group and reference group, respectively (Fig. 5). This median normalized GBP3 mRNA
concentrations in the test group was 7.92-fold lower than that in the reference group (p=0.0173,
Mann-Whitney rank sum test).

[0105] The ROC curve was plotted (Fig. 6, area under curve = 0.820, 95% confidence interval
=0.624 to 1.02, p=0.0156). Using the GAPDH-normalized blood GBP3 mRNA concentrations
< 0.0914 as athreshold, the inventors were able to identify the women resulting in birth sooner
than 34 weeks at 60% sensitivity and 90% specificity. The positive predictive value and
negative predictive value for the GBP3 mRNA are 85.7% and 69.2%, respectively.

[0106] Data from the qRT-PCR assay targeting the CD 764 mRNA not listed in Table 2.
The medians (first quartiles-third quartiles) of the GA PDH-normalized blood CD/64 mRNA
concentrations were 365 (267-541) and 341 (300-426) in the test group and reference group,
respectively (Fig. 7). This normalized CD764 mRNA concentrations in the test group was not
significantly different from those in the reference group (p=0.571, Mann-Whitney rank sum test).

[0107] To visualize the predictive performance of the CDJ/64 mRNA, the ROC curve was
plotted (Fig. 8). No significant difference was observed between the area of under the ROC

curve for CD164 mRNA (area under curve = 0.580, 95% CI=0.319 to 0.841) and the area under
the identity line (p=0.545). Using the G4 PDH-normalized blood CD7164 mRNA concentrations >
438 as a threshold to define a woman as positive for this test, the inventors were able to identify

the women resulting in birth sooner than 34 weeks at 30.0% sensitivity and 90.0% specificity.
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The positive predictive value and negative predictive value for the CDJ64 mRNA are 75.0%
and 56.3%, respectively.

[0108] Data from the qRT-PCR assay targeting the CD62I. mRNA not listed in Table 2.
The medians (first quartiles-third quartiles) of the GA PDH-normalized blood CD62L mRNA
concentrations were 69.6 (59.7-112) and 76.7 (71.4-91.7) in the test group and reference group,
respectively (Fig. 9). This normalized CD62L mRNA concentrations in the test group was not
significantly different from those in the reference group (p=0.678, Mann-Whitney rank sum test).

[0109] To visualize the predictive performance of the CD62L mRNA, its ROC curve was
plotted (Fig. 10). No significant difference was observed between the area of under the ROC
curve for CD62L mRNA (0.560, 95% CI =0.288 to 0.832) and the area under the identity line
(0.500, p=0.650). Using the GAPDH-normalized blood CD62L mRNA concentrations > 62.4 as
a threshold to define a woman as positive for this test, the inventors were able to identify the
women resulting in birth sooner than 34 weeks at 30.0% sensitivity and 90.0% specificity. The
positive predictive value and negative predictive value for the CD764 mRNA are 75.0% and
56.3%, respectively.

DISCUSSIONS

[0110] In this study, using the exon array technology, the present inventors have profiled at the
resolution of the exon level the blood transcriptomes of pregnant women during the presentation
of uterine contractions. The genome-wide RNA expression data on blood cells during uterine
contractions has never been published in the peer-reviewed literature before. Moreover, the
inventors have, for the first ime, systematically compared the differentially expressed RNA
transcripts between the women resulting in birth sooner than 34 gestational week and those
resulting in birth on or later than 37 weeks. Furthermore, a method has been devised for the
strategic selection of marker RNA transcripts useful predicting birth, among >1.4 million data
points of RNA expression levels. These new data and method have enabled investigators in this
field to shortlist a panel of 32 RNA transcripts (Table 2), among the >30,000 human genes,
which are useful for predicting premature birth via the molecular analysis of maternal peripheral
blood.

[0111] The inventors have demonstrated the clinical utility of the qRT-PCR assays targeting
our shortlisted marker RNA transcripts, namely the B3GNT5 mRNA, the CLC mRNA and the
GBP3 mRNA (from Table 2). The concentrations of them were significantly different between
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women resulting in birth sooner than 34 weeks (the test group) and those resulting in birth on or
later than 37 weeks (the reference group; Mann Whitney test, p values =0.002, 0.011 and 0.0173
for the B3GNTS mRNA, the CLC mRNA and the GBP3 mRNA, respectively). Not only so, the
interquartile range of the concentrations two of the three tested markers, B3GNTS mRNA, the
CLC mRNA, had no overlap between the two groups.

[0112] In parallel to qRT-PCR assays targeting the marker RNA transcripts shortlisted in this
study (from Table 2), the inventors have also analyzed the blood RNA samples of the two groups
of participants by assays targeting RNA transcripts not listed in Table 2. In contrast, the
GAPDH-normalized concentrations between the two groups were not significantly different
(Mann Whitney test, p values =0.571 and 0.678 for the CD764 mRNA and the CD62L mRNA,
respectively).

[0113] Based on the promising results, the predictive performance of the markers was
examined using ROC analyses. For each marker developed in this study (such as those listed in
Table 2), the area under the ROC curve was significantly larger than the area under the identity
line (x =y), demonstrating a potential use for prediction. Specifically, the areas under curve of
the B3GNTS5 mRNA, the CLC mRNA and the GBP3 mRNA were 0.915, 0.840, and 0.820,
respectively. This indicates that the probabilities of accurately predicting birth sooner than 34
week using the three markers are 91.5%, 84.0% and 82.0%, respectively.

[0114] In contrast, the areas under the ROC curves of the CD764 mRNA and the CD62L
mRNA were 0.580 and 0.560, respectively. These areas were not significantly different from
0.500, which is the area under the identity line (p =0.545 and 0.650, respectively). This implies
that these assays, which were not developed from Table 2, have no potential for predicting birth.

[0115] Mostimportantly, two of the three markers identified by the above strategies have been
shown to predict birth at high sensitivity and high specificity. In particular, the sensitivity and
specificity for the B3GNTS5 mRNA were 90.0% and 90.0%, respectively, and for the CLC mRNA
were 88.9% and 81.8%, respectively. The performance of these two novel markers compared
favorably to that of transvaginal cervical length (sensitivity and specificity were 63.6% and
85.7%, respectively), or was at least on par with that of fetal fibronectin (sensitivity and
specificity were 81.7% and 82.5%, respectively (Lockwood ef al. 1991).

[0116] Another important advantage of the blood markers shortlisted in this study over
transvaginal ultrasonography and fetal fibronectin is that they require no pelvic examination,
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which is not always tolerable by the pregnant women who need to be tested. To summarize, the
present inventors have generated throught this study a panel of 32 peripheral blood RNA
transcripts, which is useful for prediction of human birth sooner than 34 weeks with better or on

par performance compared with current markers.

[0117] All patents, patent applications, and other publications, including GenBank Accession

Numbers, cited in this application are incorporated by reference in the entirety for all purposes.
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Table 1. Characteristics of participants in the whole-
genome exon array analysis.

Resulted Resulted P-
in in term value?
preterm births
births

Number of participants -
{m 3 3
Maternal age in years 28 +/- 30 +~ 0.7621
(mean +/- standard 8.5 26
deviation (SD))
Nulliparous (17, %) 0 (0%) 1(33%) 1.0000
Gestational weeks at 315+~ 31.9 +/- 0.5846
blood-taking (mean +/ 0.436 0.869
sD)
Gestational weeks at 31.6 +~ 39.3 +/- <=
delivery {(mean +~ SD) 0.515 0.218 0.0001
Birthweight in grams 1619+~ 3095+~ 0.0011
{mean +~ SD) 2547 172.8
Maternal white cell count  9.47 +/- 121 +/- 0.1638
{mean +~ SD) 2.59 0.808
Antepartum 1(33%) 0 (0%) 1.00

haemorrhage (n, %)

?T-test for continuous variables. (Data passed Normality
Test and Equal Variance Test.). Fisher Exact test for

nominal variables.
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Table 3. Characteristics of participants for gRT-PCR

analysis.
Resulted Resulted P-
in in term value?
preterm births
births

Number of participants 10 10 -
with uterine contractions
at blood-taking (1)
Maternal age in years 30 +/- 33+~ 0.3088
(mean +~ standard 74 58
deviation (SD))
Nulliparous (17, %) 4 (40%) 4 (40%) 1.00
Gestational weeks at 3.7 +~- 298 +/- 0.0976
blood-taking (mean +/- 2.4 2.59
sD)
Gestational weeks at 319+~ 394 +/ <0.0001
delivery (mean +~ SD) 213 1.06
Birthweight in grams 1735+~ 3519+~ <0.0001
{mean +~ SD) 470.2 432.6
Maternal white cell count 13.4 +/- 104 +/- 0.0565
in 10° per L (mean +/- 4.33 1.75
sD)
Antepartum 3 (30%) 1(10%) 0.582
haemorrhage (n, %)
Prelabor rupture of 7(70%) 4 (40%) 0.370

membrane (n, %)

?T-test for continuous variables. (Data passed Normality
Test and Equal Variance Test.). Fisher Exact test for

nominal variables.
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WHAT IS CLAIMED IS:

1. A method for determining risk of premature birth, comprising the steps of:

(a) measuring mRNA level of a marker in a blood sample taken from a
pregnant woman, wherein the marker is selected from the group consisting of the genes in Table

2,CD16A4, and CD62L; and
(b) comparing the mRNA level obtained in step (a) with a standard control,

wherein an increase or decrease in the mRNA level when compared with the

standard control indicates the woman having increased risk of premature birth.

2. The method of claim 1, wherein the sample is whole blood.

3. The method of claim 1, wherein the sample is isolated blood cells.
4. The method of claim 1, wherein the sample is plasma.
5. The method of claim 1, wherein the sample is serum.

6. The method of claim 1, wherein the marker is B3GNTS, CD164, or
CD621L, and wherein an increase in the mRNA level when compared with the standard control

indicates the woman having increased risk of premature birth.

7. The method of claim 1, wherein the marker is CLC or GBP3, and wherein
a decrease in the mRNA level when compared with the standard control indicates the woman

having increased risk of premature birth.

8. The method of claim 1, wherein the mRNA level is normalized over the

mRNA level of a reference gene in the same sample prior to step (b).

9. The method of claim 1, wherein step (a) comprises mass spectrometry or

hybridization to a microarray, fluorescence probe, or molecular beacon.

10.  The method of claim 1, wherein step (a) comprises an amplification

reaction.
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11.  The method of claim 10, wherein the amplification reaction is a

polymerase chain reaction (PCR).

12. The method of claim 11, wherein the PCR is a reverse transcriptase-PCR
(RT-PCR).

13.  The method of claim 1, wherein step (a) comprises a polynucleotide
hybridization assay utilizing a polynucleotide probe comprising a detectable moiety.

14.  The method of claim 13, wherein the polynucleotide hybridization assay is
a Southern Blot analysis, Northern Blot analysis, or an in sifu hybridization assay.

15. The method of claim 1, wherein the mRNA level 1s normalized over the

mRNA level of a reference gene in the same sample prior to step (b).
16.  The method of claim 15, wherein the reference gene is GAPDH.

17.  The method of claim 1, when the woman is indicated as having increased

risk of premature birth, further comprising a step of treating the woman for premature birth.

18. The method of claim 1, wherein the mRNA level of more than one marker
genes 18 measured and compared with their respective standard controls to determine risk of

premature birth.

19. A kit for determining risk of premature birth, comprising (1) a standard
control that provides an average level of a marker gene mRNA; and (2) an agent that specifically
and quantitatively identifies the marker gene mRNA, wherein the marker gene is selected from

the group consisting of the genes in Table 2, CD164, and CD621.

20.  The kit of claim 19, wherein the agent is a polynucleotide probe that
hybridizes with the marker gene mRNA.

21.  The kit of claim 20, wherein the polynucleotide probe comprises a
detectable moiety.
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22.  The kit of claim 19, further comprising two oligonucleotide primers for
specifically amplifying at least a segment of the marker gene cDNA or its complement in an

amplification reaction.
23.  The kit of claim 19, further comprising an instruction manual.

24. A method for reducing risk of premature birth in a pregnant woman,
comprising administering to the woman an effective amount of (1) an antisense polynucleotide
sequence or an siRNA against a marker gene in Table 2, or against CDJ64 or CD62L; or (2) an
expression cassette comprising the cDNA sequence of a marker gene in Table 2 and directing the

transcription of the marker gene.

25.  The method of claim 24, wherein the expression cassette comprises a

promoter operably linked to the marker cDNA sequence.
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AMENDED CLAIMS
received by the International Bureau on 27 November 2014 (27.11.14)

1. Use of an agent for measuring mRNA level of a marker in a blood sample
téken from a pregnant woman 1n the manufacture of a kit for determining risk of premature birth,
wherein the marker is selected from the group consisting of BSGNT5, EFCABI3, TREML4, -
ADORA3, PDE6D, SCMHI, ATP2B4, ALDHI1A1, GPR56, FAH, GPR34, CLK4, PTGDR, FNTA,
CT SG, MPO, CPA3, LILRA3, AKS5, KLRDI, YPELI, NR4A3, CCR3, THEMS, KLRCI, CLC,
GBP3, HSD17B4, IL5SRA, HRH4, and EDIL3; and

" wherein an increase in the mRNA level of B3AGNTS5, TREML4, PDE6D, ATP2B4; v o

GPR56, FAH, PTGDR, KLRDI, YPELI, NR443, THEMS, or KLRCI, or ‘a decrease in the
thNA level of EFCAB13, ADORA3, SCMHI, ALDHIAl, GPR34, CLK4, FNTA, CTSG, MPO,
. CPA3, LILRA3, AK5, CCR3, CLC, GBP3, HSD17B4, IL5RA, HRH4, or EDIL3, when compared

with a standard control indicates the woman having increased risk of premature birth.

2. The use of claim 1, wherein the sample is whole blood.
- 3. The use of claim 1, wherein the sample is isolated blood cells.
4. The use of claim 1, wherein the sample is I;iasma.
5. The use of claim 1, wherein the sample is serum.
6. The use of claim 1, wherein the marker is B3GNT3, and wheréin an

increase in the mRNA level when compared with the standard control indicates the woman

having increased risk of premature birth.

7.~ The use of claim 1, wherein the marker is CLC or GBP3, and wherein a
decreasc:in the mRNA level when compared with the standard control indicates the woman

having increased risk of premature birth.

8. The use of claim 1, wherein the mRNA level is normalized over the
- mRNA level of a reference gene in the same sample prior to being compared with the standard

control.

43
AMENDED SHEET (ARTICLE 19)



WO 2015/010442 PCT/CN2014/000608

9. The use of claim 1, wherein the agent comprises an agent for mass

spectrometry or hybridization to a microarray, fluorescence probe, or molecular beacon.

10. The use of claim 1, wherein the agent comprises an agent for amplification
reaction.

11, The use of claim 10, wherein the amplification reaction is a polymerase
chain reaction (PCR). '

12.  The use of claim 11, wherein the PCR is a reverse transcriptase-PCR (RT-
PCR).

13.  The use of claim 1, wherein the agent comprises an agent for a
polynucleotide hybridization assay utilizing a polynucleotide probe comprising a detectable

moiety.

14.  The use of claim 13, wherein the polynucleotide hybridization assay is a

Southern Blot analysis, Northern Blot analysis, or an in situ hybridization assay.

15. The use of claim 1, wherein the mRNA level is normalized over the
ﬁ)RNA level of a reference gene in the same sample prior to being compared with the standard

control.
16.  The use of claim 15,‘wherein the reference gene is GAPDH.

17.  The use of claim 1, when the woman is indicated as having increased risk

of premature birth, further comprising a step of treating the woman for premature birth.

18. The use of claim 1, wherein the mRNA level of more than one marker
genes is measured and compared with their respective standard controls to determine risk of

premature birth.

19. A kit for determining risk of premature birth, comprising (1) a standard
control that provides an average level of a marker gene mRNA; and (2) an agent that specifically
and quantitatively identifies the marker gene mRNA, wherein the marker gene is selected from
the group consisting of B3GNTS, EFCABI3, T, REML4, ADORA3, PDE6D, SCMHI1, ATP2B4,
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ALDHIAI, GPR56, FAH, GPR34, CLK4, PTGDR, FNTA, CTSG, MPO, CPA3, LILRA3, AKS,
- KLRDI, YPELI, NR4A3, CCR3, THEMS, KLRCI, CLC, GBP3, HSD17B4, IL5SRA, HRH4, and
EDIL3.

20.  The kit of claim 19, wherein the agent is a polynucleotide probe that
hybridizes with the marker gene mRNA.

21.  The kit of claim 20, wherein the polynucleotide probe comprises a

detectable moiety.

22.  Thekit of claim 19, further comprising two oligonucleotide primers for
specifically amplifying at least a segment of the marker gene ¢DNA or its complement in an’

amplification reaction.
23.  The kit of claim 19, further comprising an instruction manual.

24,  Use of (1) an antisense polynucleotide sequence or an siRNA against a -
marker gene selected froin the group consisting of B3GNT3, TREML4, PDE6D, ATP2B4,
éPR56, FAH, PTGDR, KLRD1, YPELI, NR4A3, THEMS, and KLRCI; or (2) an expression
cassette comprising the cDNA séquence of a marker gene selected from the group consisting of
EFCABI13, ADORA3, SCMHI, ALDHIAI, GPR34, CLK4, FNTA, CTSG, MPO, CPA3, LILRA3,
AKS, CCR3, CLC, GBP3, HSD17B4, IL5RA, HRH4, and EDIL3 and directing the transcription
of the marker gene in the manufacture of a therapeutic agent for reducing risk of premature birth

in a pregnant woman.

25.  The use of claim 24, wherein the expression cassette comprises-a promoter

operably linked to the marker cDNA sequence.
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