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NUCLEIC ACID BIOMARKERS FOR PLACENTAL DYSFURCTION

BACKGROUND
000171 Placental dysfunction, most commonly manifested as preeclampsia or intrauterine growth
restriction, 18 an important cause of maternal and fetal morbidity and mortality in both the
developing and developed world. placental insufficiency. In particular, placental dysfunction
linked to preterm birth (PTB), preeclampsia, intrauterine growth restriction, preterm labor,
preterm premature rupture of membranes, late spoutaneous abortion and abruption placentae. It
is thought that placental dysfunction arises from abnormal trophoblast differentiation and/or
invasion, events that occur 1n the first irtmester of pregnancy, but become clinically apparent
only in the late second and third trimesters. Optimal surveiliance and management of placental
dysfunction, as well as the development of effective therapies, have been hampered by the lack
of methods for early and accurate identification of pregnancies at risk for this disorder.
MicroRNAs (miRNAs) are non-coding, 21-25 nucleotide, regulatory RNAs that attect the
stability and/or translational efficiency of messenger-RNA (mRNAs). There is a need to develop
a maternal blood-based assay for quantification of extraceliular microRINA (miRNA} biomarkers
present in the maternal serum during the second trimester of pregnancy 1n order to determive a
pregnant female’s risk of developing placental dysfunction later in the pregnancy. The present

invention addresses this need and provides related advantages.
SUMMARY

F0002] The present tnvention provides compositions and methods for determining a pregnant

female’s nisk of developing placental dvsfunction later in the pregnancy.
) R far) J

[0003] In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed in Tables 3, 4 or 5.

[0004] In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed in Table 3.

00058 In one aspect, the invention provides a biomarker panel comprising two or more of
; g

the 1solated nucleic acid biomarkers selected from the group consisting of hsa-miR-316b-5p, hsa-
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miR-30¢c-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-~18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p, hsa-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

[0006] In some embodiments, the biomarker panel comprises isolated nucleic acid biomarkers
comprising bsa-rR-1-3p, hsa-miR-~181d-5p, bsa~-miR-3784, hsa-miR-4433b-5p, and/or hsa-
mik-27a-5p. In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-~-516b-5p and/or hsa-miR-30¢-Sp . In some embodiments, the
biomarker panel comprises isolated nucleic acid biomarkers comprising hsa-miR-516b-5p, hsa-
miR-30¢-5p, hsa-miR-1-3p, and/or hsa-nuR-331-3p . In some embodiments, the biomarker
panel comprises isolated nucleic acid biomarkers comprising hsa-miR-516b-5p, hsa-miR-30¢-5p,

hsa~-nmiR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and/or hsa-miR-181d-5p.

F00071 In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed 1n Table 4.

[0008] In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers
comprising a pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-
516b-5p, hsa-miR-155-Sp/hsa-nuR-025-3p, hsa-miR-30¢-3p/hsa-miR-27b-3p, hsa-roiR-25-
Sp/hsa-miR~516b-5p, haa-miR-484/hsa-miR-516b-5p, hsa-miR-316b-5p/hsa-tet-7b-5p, hsa-miR-
30¢-Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-~-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~-miR-30¢-Sp/hsa-miR-16-5p, hsa-muR-516b-Sp/hsa-miR-423-5p, hsa-niR-30¢-5p/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa~-miR-516b-5p, hsa-miR-
155-5p/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-niR-516b-5p/hsa-let-7d-5p,
hsa~miR-516b-Sp/hsa~-miR-103a-3p, bsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5Sp/hsa-miR-151a-3p, hsa~-miR-30a~-5p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-let-7a-5p, hsa-miR-30¢-5p/hsa~-miR-27a-3p, hsa~-miR-485-5p/hsa-miR-7-5p,
hsa~-nmiR-516b-Sp/hsa~-miR-222-3p, hsa-nuR-23a-3p/hsa-miR-30a-5p, hsa-niR-433-3p/hsa-miR-
345-5p, bsa-miR-510b-5p/hsa-let-7f-5p, hsa~-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
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Sp/hsa-miR-185-5p, hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa~-miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-3p/hea-miR-30a-5p, hsa-miR-155-Sp/hsa-let-7i-5p, hsa-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa~-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
miR-485-5p, hsa~-miR-155-5p/hsa-miR~451a, hsa-miR-30¢-Sp/hsa-miR-260-5p, hsa~-miR-4732-
3p/hsa-miR-316b-5p, hsa-miR-7-Sp/hsa-miR-94 1, hsa-miR-451a/hsa-niR-485-5p, hsa-miR-
374b-Sp/hsa~-miR-885-3p, hsa~-miR-516b-Sp/hsa~-miR-1307-3p, hsa-miR-~516b-Sp/hsa-miR-30d-
5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa~-miR-~26b-3p/hsa~-miR-485-5p, hsa~miR-30¢c-Sp/hsa-miR-~-99a-5p, hsa-
miR-516b-Sp/hsa-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR~146b-5p, haa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30¢-Sp/hsa-let-7i-5p, hsa-nmiR-516b-Sp/hsa-miR-425-5p, hsa-nmiR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a~5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-nmuR-516b-Sp/hisa~-miR-1406a-5p, and hsa-miR-
516b-5p/hsa-miR-451a.

00097 In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-30¢-Sp/hsa~-miR-27b-3p, hsa~-miR-316b-Sp/hsa~-miR-150-5p,
hsa-miR-30c-5p/hsa-miR-16-5p, hsa-miR-30c-5p/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-
92a-3p, hsa-miR-~155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-nuR-516b-Sp, hsa-miR-516b-
Sp/hsa-let-7d-5p, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa~miR-27b-3p, hsa-
miR-30a-Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-let-7Ta-5p, hsa-miR-516b-Sp/hsa-miR-222-
3p, hsa-miR-~516b-5p/hsa-let-71-5p, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-4433b-Sp/hsa-
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miR-516b-5p, hsa-miR-516b-5p/hsa-mik-10b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-
155-5p/hsa-miR-30a-5p, hsa-nuR-516b-Sp/hisa-nuR-128-3p, hsa-nuR-516b-Sp/hsa-miR-744-5p,
hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-3605-Sp/hsa-mik-
425-3p, hsa-miR-21-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-24-3p, and/or hsa-miR-
378c/hsa-miR-~148a-5p.

(00107 In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p,
hsa~-miR-30¢-5p/hsa-miR-27b-3p, hea-miR-25-Sp/hsa-miR-516b-5p, and/or hsa-miR-484/hsa-
miR-516b-5p.

f0011] In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p,
hsa-miR-30c-5p/hsa~-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-

S16b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, and/or hsa-miR-30¢-Sp/hsa-miR-7-5p.

[0012] In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-140-3p/hsa~-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p,
hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-
516b-5p, hsa-miR-516b-Sp/hsa-let-7Tb-5p, bsa~-miR-30¢-Sp/hsa-miR-7-5p, hsa~-miR-5S16b-5p/hsa-
miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, and/or hsa-miR-485-5p/hsa-miR-516b-5p.

F0013] In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-516b-Sp/hsa-let-Tb-5p, hsa-miR-316b-5p/ hsa-miR-423-5p

and/or hsa-miR~155-5p/ hsa-let-71-5p.

[0014] In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers

comprising at least one of the nucleic acid biomarkers listed in Table 5.

[0015] In another aspect, the invention provides a panel of isolated nucleic acid biomarkers
comprising at least one of the vucleic biomarkers selected frors the group couvsisting of hsa-miR-
30c-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-
3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-

miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.
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[0016] In some embodiments, the biomarker panel comprises isclated biomarkers comprising
hisa~-nmiR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, and
hsa-miR-1323.

[0017] In some embodiments, the biomarker panel comprises tsolated biomarkers comprising
hsa-miR-30¢-5p, hsa-miR-485-Sp, hsa-miR-331-3p, hsa-miR-5317a-3p-hsa-nuR-517b-3p, hsa-

miR-516b-5p, hsa-miR-155-Sp, hsa-miR-6747-3p, hsa-miR~181d-5p, and hsa-miR-4446-3p.

[0018] o some embodiments, the biomarker panel comprises isolated biomarkers comprising
hsa-miR-30¢c-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-760, hsa-nmiR-
6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

100191 In one aspect, the invention provides a composttion of labeled and/or amplified
nucteic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to

two or more of the nucleic acid biomarkers listed in Tables 3, 4 or 5.

[0020] In one aspect, the invention provides a composttion of labeled and/or amplified
nucleic acid molecules, for example, amplified fabeled nucleic acid molecules, that correspond to

two or more of the nucleic acid biomarkers listed in Table 3.

[00211 In one aspect, the invention provides a composition of labeled and/or amplified
nucieic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
two or more nucleic acid biomarkers selected from the group consisting of hsa~-miR-516b-5p,
hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-nuR-181d-5p, hsa-miR-
23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-~1249-3p, hsa-miR-~142-3p,
hisa~-nmiR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p,
hsa-miR-654-3p, hsa-miR-~7-5p, and hsa-niR-941.

[0022] In some embodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that
correspond to nucleic acid biomarkers hsa-miR-1-3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-
miR-4433b-5p, and/or hsa-miR-27a-5p. In some embodiments, the invention provides a
composition of labeled and/or amplified nucleic acid molecules, for example, amplified labeled

nucleic acid molecules, that correspond to nucleic acid biomarkers hsa-miR-516b-5p and/or hsa-

|41
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miR-30c-5p. In some embaodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that
correspond to nucleic acid biomarkers hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa~-miR-1-3p, and/or
hsa-miR-331-3p. In some embodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that
correspond to nucleic acid biomarkers hsa-niR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-

miR-331-3p, bsa-riR-485-5p, and/or hsa~-miR-181d-5p.

00231 In one aspect, the invention provides a composition of labeled and/or amplified
nucleic acid molecules that correspond to a pair of biomarkers selected from the group consisting

of the biomarker pairs listed in Table 4,

[0024] In one aspect, the invention provides a composttion of labeled and/or amplified
nucleic acid molecules, for example, amplified fabeled nucleic actd molecules, that correspond to
a pair of biomarker selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p,
hsa~miR-155-5p/bsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-
516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30c-5p/hsa-
miR-7-5p, hsa~miR-5S16b-5p/hsa~-miR-486-5p, hsa~-miR-5S16b-5p/hsa-riR-150-5p, bsa-miR-485-
Sp/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miRk-
30¢-Sp/hsa-nuR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5Sp/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-miR-30¢-5p/hsa-miR-516b-5p, hsa-miR-S16b-5Sp/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR~103a-3p, hsa-miR-5316b-5p/hsa~-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa-nuR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa~miR-516b-Sp/hsa~miR-151a-3p, bsa~-riR-30a-Sp/hsa-nmiR-485-5p, hsa-muR-516b-Sp/hsa-let-
7a-5p, hsa-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-53p, hsa-miR-
516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-35p, bsa~-miR-510b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa~-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-Sp/hsa-miR-27a-3p, hsa-miR-9%9a-5p/hsa-miR-485-5p, hsa-

miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-nR-
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484, hsa-miR-516b-Sp/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-5p/hsa-miR-
S16b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-Sp, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5p/hsa-miR-~485-5p, hsa-miR-
485-Sp/hisa-nuR-127-3p, hsa-nmiR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-5p/hsa~-miR-148a-3p, hsa-miR-516b-5p/hsa-miR~128-3p, hsa-miR-516b-5p/hsa-miR-~
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-629-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-miR-~127-3p/hsa~-miR-~485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30¢-5p/hsa-miR-20b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, bsa~miR-7-5p/hsa~-miR-94 1, hsa~-miR-451a/hsa-miR~485-5p, hsa-miR-~374b-Sp/hsa-nuR-885-
3p, bsa~-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-9%a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-Sp, hsa~-miR-~-516b-Sp/hsa-miR-423-3p, hsa-miR-516b-Sp/hsa-miR-146b-Sp, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-
S16b-3p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa~-miR-485-Sp,
hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c¢-Sp/hsa~-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5Sp/hsa-miR-485-
5p, bsa~miR-510b-5p/hsa-miR-146a-5p, and hsa~-miR-516b-Sp/hsa~-miR-451a.

[00251 In some embodiments, of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-30¢-
Sp/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-miR-30c-5p/hsa-miR-~16-5p, hsa~
miR-30c-5p/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-155-5p/hsa-miR-27b-
3p, bsa~-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7d-5p, hsa-riR-516b-5p/hsa-
miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-
S16b-3p/hsa-tet-7a-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-516b-5p/hsa-let-7{-5p, hsa-
miR-485-5p/hsa~-miR-183-5p, hsa-miR~4433b-5p/hsa~-miR-516b-5p, hsa-nR-516b-5p/hsa-miR-~
10b-Sp, hsa-miR-516b-5Sp/hsa-miR-328-3p, hsa-nuR-155-Sp/hsa-nuR-30a-5p, hsa-miR-S16h-
Sp/hsa-miR~128-3p, hsa-miR-516b-5p/hsa-miR-744-5p, hea-miR-516b-5p/hsa-miR-629-5p, hsa-
mik-23a-3p/hsa-miR-93-5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-21-5p/hsa-miR-485-
Sp, hsa-miR-~516b-5p/hsa-nuR-24-3p, and bsa~-miR-378¢/hsa~miR-148a-5p.
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100261 In some embodiments, of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-140-
2

3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa~-miR-276-3p, hsa-

miR-25-5p/hsa-miR-516b-5p, and hsa-miR-484/hsa-miR-516b-5p .

(00271 In some embodiments, of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers 15 selected from the group consisting of hsa~-miR-140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-
miR-25-5p/hsa-nuR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-lei-7b-5p,

and hsa-miR-30c-5p/hsa-miR-7-5p.

{0028} In some embodiments, of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hea-miR-30c-5p/hsa-miR-27b-3p, hsa-

miR-25-Sp/hsa-miR-516b-Sp, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p,

hsa~miR-30c-5p/hsa-miR-~7-5p, hsa-nuR-516b-Sp/hisa~miR-4806-5p, hsa~-miR-516b-Sp/hsa~-miR-

150-5p, and hsa-miR-485-5p/hsa-miR-516b-5p.

[0029] In some embodiments, of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-

516b-Sp/hsa-tet-7b-Sp, hsa-miR~516b-5p/ hsa-miR-423-5p and hsa~-miR-155-5p/ hsa-let-7i-5p.

00301 In one aspect, the invention provides a composition of labeled and/or amplitied
nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
at least one of the biomarkers selected from the group consisting of the biomarkers listed in

Table 5.

[0031] In one aspect, the invention provides a composition of labeled and/or amplified
nucleic acid molecules, for example, amplified fabeled nucleic acid molecules, that correspond to
at least one of the biomarkers selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-
6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-~517a-3p-hsa-miR-517b-3p, hsa-miR-516b-
Sp, hsa-miR-~760, hsa-miR-0852-5p, hsa-miR-~1323, hsa-miR-~155-5p, hsa-miR-0747-3p, hsa-

miR-181d-5p, and hsa-miR-4446-3p.
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[0032] In some embodiments, the at least one biomarker is selected from the group
consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-

6852-5p, and hsa-miR~1323.

f0033] In some embodiments, the at least one biomarker is selected from the group
consisting of hsa-miR-30¢-5p, hsa-nuR-485-5p, hsa-miR-331-3p, hsa-nuR-517a-3p-hsa-nuR-
517b-3p, hsa-miR-516b-5p, hea-roiR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and bsa-riR-
4446-3p.

00347 In some embodiments, the at least one biomarker is selected from the group
counsisting of bsa-miR-30¢-Sp, hsa-miR~6842-3p, hsa-miR~485-5p, hsa-riR-331-3p, hsa-miR-

760, hsa-miR~6747-3p, hsa-miR-181d-3p and hsa~-miR-4446-3p.

[0035] In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising measuring the amount
of two or more of the nuclete acid biomarkers listed in Tables 3, 4 or § in a biological sample
obitained from the pregnant female, and calculating a risk score based upon the measured
amounts of the nucleic acid biomarkers to determine the pregnant female’s risk of developing
placental dysfunction. In some embodiments, the method further comprises the step of providing

a score corresponding to the pregnant female’s risk of developing placental dystunction.

[00306] In one aspect, the invention provides a method for determining & pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising producing labeled
and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules,
that correspond to two or more of the nucleic acid biomarkers listed in Tables 3, 40r5ina
biological sample obtained from the pregnant temale; measuring the levels of expression of the
labeled and/or amplified nucleic acid molecules, for example, aroplified labeled nucleic acid
molecules; calculating a risk score based upon the measured levels of the labeled and/or
amplified nucleic acid molecules, for exarple, amplified labeled nuclerc acid molecules, to
determine the pregnant female’s risk of developing placental dysfunction. In some embodiments,
the method further comprises the step of providing a score corresponding to the pregnant

female’s risk of developing placental dysfunction.
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[00371 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained

between 17 and 28 weeks of gestational age at blood draw.

[003¢&] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained

between 19 and 27 weeks of gestational age at blood draw.

(00397 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained

between 17 and 36 weeks of gestational age at blood draw.

00401 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dvsfunction, wherein the biological sample is obtained
more than 17, more than 18, more than 19, more than 20, more than 21, more than 22, more than
23, more than 24, more than 25, more than 26, more than 27, more than 28, more than 29, more
than 30, more than 31, more than 32, more than 33, more than 34, or more than 35 weeks of

gestational age at blood draw.

00411 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained
between 119-133 days, 154-196 days. and/or 119-202 days.

[00421 In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dystunction later in the pregnancy comprising measuring the amount
of two or more of the nucleic acid biomarkers selected from the group consisting of hsa-miR-~
516b-Sp, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-4853-5p, hsa-muiR-~181d-5p,
hsa-miR~23a-3p, hsa~-miR-3784d, hsa~-miR-155-5p, hsa~-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-
142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-
27a-5p, hsa-miR~654-3p, hsa-miR-~7-5p, and hsa-miR-941 in a biological sample obtained from
the pregnant female, calculating a risk score based upon the measured amounts of the nucleic
acid biomarkers to determine the pregnant female’s risk of developing placental dystunction, and
providing a score corresponding to the pregnant female’s risk of developing placental

dysfunction.
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00437 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleic acid biomarkers selected from the group consisting of

hsa-miR-1-3p, hsa-miR-181d-Sp, hsa-miR-378d, hsa-miR-4433b-5p, and hsa-miR-27a-5p.

[0044] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleic acid biomarkers selected from the group consisting of

hsa~miR-516b-5p and hsa-nuR-30¢-5p.

[0045] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleic acid biomarkers selected from the group consisting of

hsa-miR-516b-3p, hsa-miR-30¢-5p, hsa-miR-1-3p, and hsa-miR-331-3p.

00461 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleie acid biomarkers selected from the group consisting of
hsa-miR-516b-5p, hsa-miR-30c-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and hsa-
miR-181d-Sp. In one aspect, the invention provides a method of determiniog a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
tabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to two or more of the nucleic acid biomarkers selected from the group
consisting of hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-
5p, bsa~miR-181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-
miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-miR-1273k-3p, hsa-miR-18a-3p, hsa-
miR-4746-5p, hsa-miR-27a-Sp, hsa-miR-654-3p, hsa-miR-7-5p, and hsa~-miR-941 in a biological
sample obtained from the pregnant female; measuring the levels of expression of the labeled
and/or amplified nucleic acid molecules; calculating a risk score based upon the measured levels
of the labeled and/or amplified nucleic acid molecules to determine the pregnant female’s risk of

developing placental dysfunction.
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[00471 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dystunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplitied labeled nucleic acid
molecules, that correspond to hsa-miR-1-3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-miR-4433h-

5p, and/or hsa-miR-27a-5p.

(004381 o some embodiments, the 1uvention provides a method of determiniong a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid

molecules, that correspond to hsa-miR-516b-5p and/or hsa-miR-30c-5p.

[0049] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-nuR-516b-Sp, hsa-miR-30¢-5p, hsa-nuR-1-3p, and/or hsa-

miR-331-3p.

00501 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
labeled and/or amplified nucleic acid molecules, for example, aroplified labeled nucleic acid
molecules, that correspond to hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, and/or hsa-

mik-331-3p.

FO051] In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising measuring the amount
of a pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p,
hea-miR-~-155-5p/hsa~-miR-~625-3p, hsa~-miR-30¢~-5p/hsa-miR~-27b-3p, hsa-rmR-25-Sp/hsa~-miR-
516b-5p, hsa-nmiR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-Sp/hsa-
miR-7-5p, hsa-miR-516b-Sp/hsa-miR~486-5p, hsa-miR-516b-Sp/hsa-miR-~150-5p, hsa-miR-~485-
Sp/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miR-
30¢c-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-Sp, hsa-miR-30¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa~-miR-186-5p/hsa~-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hsa-let-7d-Sp, hsa-miR-516b-
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Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa-nuR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-let-
7a-5p, hsa~-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa~-miR-23a-3p/hesa-miR-30a-5p, hsa-miR-433-3p/hsa~-miR-345-5p, hsa-miR-
516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, haa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa~miR-
191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-nmiR-516b-
Sp/hsa-miR-10b-5p, hsa-miR~-435-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-nR-
484, hsa-miR-516b-Sp/hsa-let-71-Sp, hsa-miR-23a-3p/hsa-miR-181a-Sp, hsa-miR-7-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa~-miR-~485-5p, hsa-miR-~155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-Sp/hsa~-miR-127-3p, hsa~-miR-320b/hsa-miR~485-5p, hsa-mR-516b-5p/hsa-mniR-~25-3p, hsa-
miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-
320a, hsa~-miR-516b-Sp/hsa~-miR-744-5p, hsa~-miR-30c-5p/hsa-miR-~-186-5p, hsa-miR-516b-
5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, bsa~miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-374b-5p/hsa-miR-8&5-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-Sp, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-~125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-niR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, bsa~-miR-501-3p/hsa-miR-485-5p, bsa-miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-~4443/hsa-miR-485-5p, hsa-riR-30c-Sp/hsa-let-7i-5p, hsa~-miR-
516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hsa-miR-760/hsa~-miR-378g, hsa-miR-3615/hsa-niR-485-Sp, hsa-miR-140-3p/hsa-nuR-485-5p,
hsa-miR-30c-5p/hsa~miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-Sp/hsa-miR-485-
Sp, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a in a biological
sample obtained from the pregnant female, calculating a risk score based upon the measured

amounts of the nucleic acid biomarker pair to determine the pregnant female’s risk of developing
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placental dysfunction, and providing a score corresponding to the pregnant female’s risk of

developing placental dysfunction.

[0052] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers selected from the group consisting of hsa-niR-30¢-5p/hsa-
miR-27b-3p, hsa-nuR-516b-Sp/hsa~-miR-150-5p, hsa-muR-30¢-5p/hsa-miR-16-5p, hsa-miR-30c-
Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-
miR-30e-Sp/hsa~-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-Sp, hsa-miR-316b-5Sp/hsa-miR-~
103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-5p/hsa-niR-485-5p, hsa-miR-516b-
Sp/hsa-let-7a-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-516b-Sp/hsa-let-71-5p, hsa-miR-
485-5Sp/hsa~miR-183-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-~10b-
Sp, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-155-Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-
miR-128-3p, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-niR-516b-5p/hsa-miR-629-5p, hsa-niR-
23a-3p/hsa-miR-93-5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-21-5p/hsa-nuiR-485-5p,
hsa-miR-~-516b-5p/hsa-miR-~24-3p, and hsa~-miR-378¢/hsa-nmiR-148a-5p.

00531 o some embodiments, the 1nvention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the armount of a pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-
miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa~-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, and hsa-miR-484/hsa-miR-516b-5p.

[0054] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-
miR-516b-5p, bsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa~miR-27b-3p, hsa-nmiR-25-
S5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, and hsa-
miR-30¢-5p/hsa-miR-7-5p.

[0055] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring

the amount of a pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-
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miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-S16b-5p/hsa-tet-7b-5p, hsa-miR-
30¢c-Sp/hsa~-miR-7-5p, hsa~-miR-516b-5p/hsa-miR-486-5p, hsa~-miR-510b-5p/hsa-miR-150-5p,
and hsa-miR-485-5p/hsa-miR-516b-5p.

[00506] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers selected from the group consisting of hsa-miR-516b-5p/hsa-

fet-7b-3p, hsa-miR-~516b-5p/ hsa-miR~423-5p and hea-miR-155-5p/ bsa-let-7i-5p.

{00571 In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising producing labeled
and/or amplified nucleic acid molecules, for example, amphified labeled nucleic acid molecules,
that correspond to a pair of biomarkers selected from the group consisting of hsa-nmiR~140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30¢-5p/hsa-miR-27b-3p, hsa-
miR-25-5p/hsa-nuR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-lei-7b-5p,
hsa-miR-30c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-
150-5p, hsa~-miR-485-5p/hsa~-miR-516b-5p, hsa-nuR-7-5p/bsa-roiR-485-5p, hsa~-miR-516b-
Sp/hsa-let-7g-5p, hsa-miR-30¢-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-mik-
30¢-Sp/hsa-nuR-30a-5p, hsa-miR-516b-5p/hsa-mik-92a-3p, hsa-miR-186-Sp/hsa-nmiR-516b-3p,
hsa-miR-155-5p/hsa-miR-27b-3p, haa-miR-30e-Sp/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-
7d-5p, hsa-miR-516b-Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-9%h-
3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-niR-485-5p, hsa-miR-
23a-3p/hsa-miR-27b-3p, hsa-miR-516b-Sp/hsa-miR-151a-3p, hsa-miR-30a-Sp/hsa-nuR-485-3p,
hsa~miR-516b-Sp/hsa-let-7a-5p, hsa~-miR-30¢-5p/hsa-miR-27a-3p, hsa~-miR~485-5p/hsa-mR-7-
Sp, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-nmiR-30a-5p, hsa-miR-433-3p/hsa-
miR-345-5p, hsa~-miR-516b-Sp/hsa-let-71-5p, hsa-miR-485-Sp/hsa-miR-183-5p, hsa-muR-516b-
Sp/hsa-miR-185-5p, hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-

miR-516b-5p/hsa~-miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
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hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-nuR-155-Sp/hsa-let-7i-5p, hsa-nuR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-~127-3p, hea-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
iR-485-5p, bsa~-miR-155-5p/hsa-miR-~-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-Sp, hsa~-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-Sp/hsa~-miR-885-3p, hsa~-miR-516b-Sp/hsa~-miR-1307-3p, hsa-miR-~516b-Sp/hsa-miR-30d-
5p, bsa~miR-3605-5p/hsa-miR-425-3p, hsa~-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-~127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, bsa-riR-330-5p/hsa-miR-92b-5p, hsa-iR~-4443/hsa~-miR-485-5p, hsa-
miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa~miR-146b-Sp/hsa~-miR-485-5p, hsa~-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-mR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378c/hsa-miR-
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a in a biclogical sample obtained from the pregnant female; measuring the
fevels of expression of the labeled and/or amplified nucleic acid molecules; calculating a risk
score based upon the measured levels of the labeled and/or amplified nucigic acid molecules to
determine the pregnant female’s risk of developing placental dysfunction. in a biological sample
obtained from the pregnant female; measuring the levels of expression of the labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules;
calculating a risk score based upon the measured levels of the labeled and/or amplified nucleic
acid molecules, for example, amplified labeled nucleic acid molecules, to determine the pregnant
female’s risk of developing placental dysfunction. In some embodiments, the method further
comprises the step of providing a score corresponding to the pregunant female’s risk of

developing placental dysfunction.

00581 In some embodiments, the invention provides a method of determining a pregnant

femnale’s risk of developing placental dystunction later 1o the pregoancy comprising producing
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fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to of hsa-miR-30¢-Sp/hsa-miR-27b-3p, hsa-miR-516b-5Sp/hsa-miR-
150-5p, bsa~-miR-30c-5p/hsa-miR-16-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p, hsa-miR-516b-
Sp/hsa-miR-92a-3p, hsa-miR-155-Sp/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-Sp, hsa-
miR-516b-Sp/hsa-let-7d-Sp, hsa-miR-516b-5p/hsa~-miR-~103a-3p, hsa-miR-23a-3p/hsa-miR-27b-
3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, bsa~-miR-516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-roiR-4433b-
Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-516b-5p/hsa-miR-328-3p,
hea-miR~155-5p/hsa~-miR-~30a-5p, hsa~-nmiR-S16b-Sp/hsa~-raR-128-3p, bsa~-nmiR-516b-5p/hsa-
miR-744-5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-miR-
3605-5p/hsa-miR-425-3p, hsa-miR-21-Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-miR-24-3p,
and/or hsa-miR~378c/hsa-miR-148a-5p.

[0059] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
labeled and/or amplified nucleic acid molecules, for example, aroplified labeled nucleic acid
molecules, that correspond to hsa-miR-140-3p/hsa-miR-516b-5p, hsa-nmiR-155-5p/hsa-miR-625-
3p, hsa-miR-~30¢-5p/hsa~-roiR-27b-3p, hsa~-miR-25-5p/hsa-miR-~516b-5p, and/or hsa~miR-
484/hsa~miR-516b-5p.

[0060] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-nuR-140-3p/hsa-miR-516b-5p, hsa-niR-155-5p/hsa-miR-625-
3p, hsa-miR-~30¢-5p/hsa~-roiR-27b-3p, hsa~-miR-25-5p/hsa-miR-~-516b-5p, hsa-miR~-484/hsa~-miR-
516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, and/or hsa-miR-30¢c-5p/hsa-miR-7-5p.

[0061] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-nuR-140-3p/hsa-miR-516b-5p, hsa-niR-155-5p/hsa-miR-625-

3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-

~
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516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, and/or hsa-miR-485-Sp/hsa~-miR-516b-5p.

100621 In some embodiments, invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
labeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that cotrespond to hsa-miR-516b-5p/hsa-tet-7b-5p, hsa~-miR-516b~-5p/ hsa~-niR-423-

5p and/or hsa-miR-155-5p/ hsa-let-7i-5p.

[0063] In some embodiments of methods of the invention, the risk score is calculated based
on a ratio of data values. In some embodiments of methods of the invention, data transformation

is applied before or after the ratio is determined.

[0064] In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction comprising measuring the amount of at least one of the
nucleic acid biomarkers selected from the group consisting of hsa-miR-30¢-3p, hsa-miR-6842-
3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p,
hsa~miR-760, hsa-miR-6852-5p, hsa~miR-1323, bsa-miR-155-5p, hsa-miR-6747-3p, hsa~-miR-
181d-5p, and hsa-miR-4446-3p in a biological sample obtained from the pregnant female,
calculating a risk score based upon the measured amounts of the nucleic acid biomarkers to
determine the pregnant female’s risk of developing placental dysfunction, and providing a score

corresponding to the pregnant female’s risk of developing placental dysfunction.

F0065] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dvsfunction comprising measuring the amount of at least
one biomarker selected from the group consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-

miR-516b-5p, hsa~-miR-760, hsa-miR~0852-5p, and hsa~-muiR-1323.

[0066] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction comprising measuring the amount of at least
one biomarker selected from the group consisting of hsa-miR-30¢-5p, hsa~miR-485-5p, hsa~-miR-
331-3p, bsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa~-miR-155-5p, hsa-miR-6747-
3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.
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FO067] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction comprising measuring the amount of at least
one biomarker selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-~
miR-485-5p, hsa-miR-331-3p, hsa-miR-760, hsa-miR-6747-3p, hsa-nuR-181d-5p, and hsa-niR-
4446-3p.

[0068] o some embodiments, the 1uvention provides a method of determiniong a pregnant
female’s risk of developing placental dysfunction across the full window of gestation. In some

embodiments, the full gestation window of gestation is between 119-202 days of gestation.

{00691 In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction early in the pregnancy. ln some embodiments,

early pregnancy is between 119-153 days of gestation.

[0070] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy. In some embodiments,

fate pregnancy is between 154-19¢ days of gestation.

FO071] In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction comprising producing labeled and/or amplified nucleic
acid molecules that correspond to at least one of the nucleic acid biomarkers selected from the
group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-
miR-5172-3p-hsa~-miR-517b-3p, hsa~-miR-516b-5p, hsa-miR-760, hsa~miR-0852-5p, hsa-miR-
1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3pina
biological sample obtained from the pregnant female; measuring the levels of expression of the
labeled and/or amplified nucleic acid molecules; calculating a risk score based upon the
measured levels of the labeled and/or amplified nucleic acid molecules to determine the pregnant

female’s risk of developing placental dysfunction.

[0072] In some embodiments, the invention provides a method of determining a pregnant
femnale’s risk of developing placental dystunction comprising producing labeled and/or amplified

nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
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hsa-niR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-nuR-6852-5p, and

hsa-miR-1323.

F00731 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction comprising producing labeled and/or amplified
nucleic acid molecules, for example, amplitied labeled nucleic acid molecules, that correspond to
hea-miR-30¢-5p, hsa-miR-485-5p, hsa~-miR-331-3p, hsa-miR-317a-3p-hsa-miR-517b-3p, hsa-

miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

[0074] In some embodiments, the invention provides a method of determining a pregnant
femnale’s risk of developing placental dystunction comprising producing labeled and/or amplified
nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-Sp, hsa-miR-331-3p, hsa-miR-760, hsa-miR-
6747-3p, hsa~-miR-181d-5p, and hsa-miR-4446-3p.

FO0T5] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction across the full window of gestation. In some

embodiments, the full gestation window of gestation is between 119-202 days of gestation.

0076} In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction early in the pregnancy. In some embodiments,

early pregnancy is between 119-153 days of gestation.

[0077] In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy. In some embodiments,

fate pregunancy 18 between 154-196 days of gestation.

[00781 In one aspect, the invention provides a rmethod of treating or preventing placental
dystunction in a pregnant fernale, the method comprising: (a) detecting a panel of isolated
nucleic acid biomarkers in a biological sample obtained from a pregnant female, wherein at least
one of the isolated nucleic acid biomarkers is selected trom the group consisting of hsa-miR-30c¢-
5p, hsa-miR-6842-3p, hsa-miRk-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p,
hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, hsa-nuR-1323, hsa-nuR-155-5p, hsa-miR-
6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p, (b} calculating a risk score based upon the
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measured levels of the isolated nucleic acid biomarkers; and (¢} administering one or more

therapies to the pregnant female based on the risk score, to treat or prevent placental dysfunction.

[00791 In some embodiments, the invention provides a method of treating or preventing
placental dysfunction wherein at least one of the biomarkers is selected from the group
consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-Sp, hsa-miR-760, hsa-miR-

6852-5Sp, and hsa~-miR-1323.

0080 In some embodiments, the invention provides a method of treating or preventing
placental dysfunction wherein at least one of the biomarkers of hsa-niR-30c¢-5p, hsa-miR-485-
Sp, hsa-miR-~331-3p, hsa-miR-517a-3p-hsa-miR~-517b-3p, hsa-miR~516b-5p, bsa~-miR-155-5p,

hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

[0081] In some embodiments, the invention provides a method of treating or preventing
placental dysfunction wherein at least one of the biomarkers hsa-miR-30¢-5p, hsa-miR-6842-3p,
hsa-miR-~485-5p, hsa-miR-331-3p, hsa-miR-760, hsa-nuR~6747-3p, hsa-miR-181d-3p, and hsa-
miR-4446-3p.

F0082] In some embodiments, the isolated nucleic acid biomarkers are normalized. In further
embodiments, normalization comprises a reversal. In sore erobodiruents, the reversal comprises
an upregulated biomarker and a downregulated biomarker. In some embodiments, the reversal
comprises a numerator and a denominator. In further embodiments, the downregulated

biomarker 1s hsa-miR-485-5p. In other embodiments, the denominator is hsa-miR-485-5p.

[0083] In some embodiments, the invention provides a method wherein the risk score is

calculated based on the reversal of data values.

[0084] In some embodiments, the method further comprises a step of determining gestational
age at blood draw (GABD). In further embodiments, the method comprises determining GABD
before detecting the biomarker. In some embodiments, GABD is between 119-153 days, 154-

196 days and/or 119-202 days.
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0085 In some embodiments, the invention provides a method of treating or preventing
placental dystunction across the full window of gestation. In some embodiments, the full

gestation window of gestation is between 119-202 days of gestation.

[0080] In some embodiments, the invention provides a method of treating or preventing
placental dysfunction early in the pregnancy. In some embodiments, early pregnancy is between

119-153 days of gestation.

(00871 In some embodiments, the invention provides a method of treating or preventing
placental dysfunction later in the pregnancy. In some embodiments, late pregnancy is between

154-196 days of gestation.
[0088] In some embodiments, the placental dysfunction is preeclampsia.

00891 Other features and advantages of the invention will be apparent from the detailed

description, and from the claims.
DETAILED DESCRIPTION

{00901 The present disclosure 1s based, generally, on the discovery that the concentration of
certain extracellular microRNA (miRNA) biomarkers present in the maternal circulation during
pregnancy predicts subsequent risk of developing placental dysfunction later in the pregnancy.
For each of the miRNA biomarkers disclosed herein, the concentration of miRNA in the
maternal circulation is altered in women who subsequently develop placental dysfunction.
Advantageously, expression fevels of these miRNA biomarkers can be measured from blood
samples, thereby providing a minimally-tovasive means for prediction of placental dysfunction,
which can manifest as preeclampsia, intrauterine growth restriction, preterm birth (PTB), preterm
tabor, preterm premature rupture of membranes, late spontanecus abortion and abruption

placentae.

[0091] The present disclosure 1s further specifically based, in part, on the unexpected
discovery that single-miRINA biomarker and pairs of miRNA biomarkers disclosed herein can be
uttiized tn methods of predicting a pregnant female’s risk of developing placental dysfunction

fater in the pregnancy. Each of the miRNA biomarkers and clinical variablies disclosed herein,

27
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either alone or as components of pairs, ratios and/or reversal pairs serve as biomarkers for

determining a pregnant wormen’s risk of developing placental dystunction later in the pregnancy.

100921 A reversal value is the ratio of the abundance of an up regulated biomarker over a
down regulated biomarker and serves to both normalize vaniability and amplity diagnostic signal.
The invention lies, in part, in the selection of particular biomarkers that, when paired together,
can accurately determine a pregnaunt fernale’s risk of developing placental dysfunction later in
the pregnancy. Accordingly, it is human ingenuity in selecting the specific biomarkers that are
inforrative upon being paired, for example, 1u novel reversals, and/or the data transformations,

for example the ratio of log values, in forming said reversals, that underlies the present invention.

{0093] The disclosure provides single-miRNA biomarkers and pairs of miRNA biomarkers
as well as associated panels, methods and kits for determining a pregnant female’s risk of

developing placental dysfunction later in the pregnancy.

00941 In addition to the specific miBRNA biomarkers identified in this disclosure, for
example, by name, sequence, or reference, the invention also contemplates use of biomarker
variants that are at least 90% or at least 95% or at least 97% 1dentical to the exemplified
sequences and that are now known or later discovered and that have utility for the methods of the
invention. These variants roay represent polymorphisms, splice variants, mutations, and the like.
In this regard, the instant specification discloses multiple art-known analytes in the context of the
invention and provides exemplary peptide sequences that can be used to identify these analytes.
However, those skilled in the art appreciate that additional sequences or other information can
easily be identified that can provide additional charactenistics of the disclosed biomarkers and

that the exemplified references are in no way limiting with regard to the disclosed nucleic acid.

[0095] As described herein, various techuiques and reagents find use 1n the methods of the
present invention. Suitable samples in the context of the present invention include, for example,
blood, plasma, serum, amniotic fluid, vagival secretions, saliva, and urine. In some
embodiments, the biological sample s selected from the group consisting of whole blood,
plasma, and serum. In a particular embodiment, the biological sample 18 serum. As described

herein, nucleic acid can be detected through a variety of assays and techniques known in the art.

]
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00961 The miRNA biomarkers that can be components of reversal pairs described herein

include, for example, the miRNA biomarkers listed 1n Table 4.

[00971 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy, the method comprising
measuring in a biological sample obtained trom the pregnant female a reversal value for one or

more of the biomarker pairs listed 1o Table 4.

00981 o some embodiments, the 1uvention provides a method of determiniong a pregnant
female’s risk of developing placental dysfunction later in the pregnancy, the method comprising
measuring in a biological saruple obtained from the pregnant female a reversal value for one pair

of biomarkers selected from the biomarker pairs listed in Table 4.

[0099] In some embodiments, the invention provides a pair of isolated biomarkers selected
from the biomarker pairs listed in Table 4, wherein the pair of biomarkers exhibits a higher ratio
in pregnant females that will develop placental dysfunction fater in the pregnancy relative to

pregnant females that will not develop placental dysfunction.

[00100]  In one embodiment, the present invention provides a composition comprising a pair
of 1solated biomarkers selected from the group consisting of the biomarker pairs histed 1n Table
4, wherein the pair of biomarkers exhibits a higher ratio in pregnant females that will develop
placental dysfunction later in the pregnancy relative to pregnant temales that will not develop

placental dysfunction.

(001011 In one embodiment, the biological sample is selected from the group consisting of
whole blood, plasma, and serum. In one embodiment, the biological sampie is serum. In some
embodiments, the sample is obtained between 17 and 28 weeks of gestational age at blood draw
(GABD). In some embodiments, the samples is obtained between 17 and 29 weeks. In some
embodiments, the sample 1s obtained between 19 and 27 weeks. In some embodiments, the
sample is obtained between 18 and 21 weeks. In further embodiments, the sample is obtained
between 23 and 28 weeks of GABD. In some embodiments, the sample i1s obtained between 18
and 28 weeks of GABD. In some embodiments, the sample is obtained between 18 and 36 weeks

of GARD. In turther embodiments the sample 1s obtained between 19 and 21 weeks of GABD.
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{n some embodiments, the sample is obtained between 20 and 22 weeks of GABD. In some

embodiments, the sample i1s obtained between 21 and 23 weeks of GABD.
embodiments, the sample is obtained between 22 and 24 weeks of GABD.
embodiments, the sample 1s obtained between 23 and 25 weeks of GABD.
embodiments, the sample 1s obtained between 24 and 26 weeks of GABD.
embodiments, the sample is obtained between 25 and 27 weeks of GABD.
embodiments, the sample 15 obtained between 26 and 28 weeks of GABD.
embodiments, the sample is obtained between 27 and 29 weeks of GABD.
embodiments, the sample 1s obtained between 28 and 30 weeks of GABD.
embodiments, the sample 1s obtained between 29 and 31 weeks of GABD.
embodiments, the sample s obtained between 30 and 32 weeks of GABD.
embodiments, the sample is obtained between 31 and 33 weeks of GABD.
embodiments, the sample 1s obtained between 32 and 34 weeks of GABD.
embodiments, the sample 1s obtained between 33 and 35 weeks of GABD.

embodiments, the sample is obtained between 34 and 36 weeks of GABD.

In further

in additional
In some

In further

in additional
In some

in further

In additional
in some

In further

in additional
In some

In further

In additional

embodiments, the sample 15 obtained between 17 and 36 weeks. In further emabodiments, the

sample is obtained more than 17, more than 18, more than 19, more than 20, more than 21, more

than 22, more than 23, more than 24, more than 25, more than 26, more than 27, more than 28,

more than 29, more than 30, more than 31, more than 32, more than 33, more than 34 or more

than 35 weeks of GABD.

[00102]

In some embodiments, the sample is obtained between 119 and 202 days of GABD.

In further embodiments, the sample is obtained between 119 and 152 days of GABD. In some

embodiments, the sample is obtained between 119 and 153 days of GABD. In some

embodiments, the sample 1s obtained between 138 and 172 days of GABD. In further

embodiments, the sample is cbtained between 154 and 196 days of GABD. In other

embodiments, the samples is obtained between 156 and 196 days of GABD. In additional

embodiments, the sample is obtained between 119 and 252 days. In further embodiments, the

sample 1s obtained more than 119, more than 126, more than 133, more than 140, more than 147,

more than 154, more than 161, more than 168, more than 175, more than 182, more than 189,

more than 196, more than 203, more than 210, more than 217, more than 224, more than 231,

more than 238, or more than 245 days of GABD.



WO 2021/252574 PCT/US2021/036535

[001031  In addition to the specific biomarkers, the disclosure further includes biomarker
vartants that are about 90%, about 95%, or about 97% identical to the exemplified sequences.
Variants, as used herein, include polymorphisms, splice variants, mutations, and the like
Although described with reference to nucleic acid biomarkers, changes in reversal value can be

identified at the gene expression level or protein level for pairs of biomarkers.

(001041 The compositions and methods of the invention also can include clinical variables,
including but not limited to, maternal characteristics, medical history, past pregnancy history,
and obstetrical history. Such additional clinical vanables can include, for example, previous low
birth weight or preterm delivery, multipie Znd trimester spontanecus abortions, prior first
trirnester induced abortion, familial and intergenerational factors, history of infertility, parity,
nulliparity, placental abnormalities, cervical and uterine anomalies, short cervical length
measurements, gestational bleeding, intrauterine growth restriction, in utero diethylstitbestrol
exposure, multiple gestations, infant sex, short stature, low prepregnancy weight, low or high
body mass index, diabetes, diabetes mellitus, chronic diabetes, chronic diabetes mellitus, chronic
hypertension, urogenital infections (i.e. urinary tract infection), asthroa, amxiety and depression,
asthma, hypertension, hypothyroidism, high body mass index (BMI), low BMI, BML
Demographic risk indicia for preterm birth can include, for example, maternal age,
race/ethnicity, single marital status, low socioeconomic status, maternal age, employment-related
physical activity, occupational exposures and environment exposures and stress. Further chinucal
variabies can include, inadequate prenatal care, cigarette smoking, use of marijuana and other
thicit drugs, cocaine use, alcohol consumption, catfeine intake, maternal weight gain, dietary
intake, sexual activity during late pregnancy and leisure-time physical activities. (Preterm Birth:
Causes, Consequences, and Prevention, Institute of Medicine (US) Committee on Understanding
Premature Birth and Assuring Healthy Outcomes; Behrman RE, Butler AS, editors. Washington
{DC): National Academies Press (US); 2007}, Additional clinical variables useful for as markers
can be identified using learning algorithms koown in the art, such as linear discriminant analysis,
support vector machine classification, recursive feature elimination, prediction analysis of
microarray, togistic regression, CART, FlexTree, LART, random forest, MART, and/or survival

analysis regression, which are known to those of skill tn the art and are further described herein.
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(001051 The present disclosure describes and exemplifies various models and corresponding
biomarkers that perform at high levels of accuracy and precision in deternuning a pregnant
female’s risk of developing placental dysfunction later in the pregnancy. In some embodiments,
the markers disclosed herein are predictive across the entire GABD range. In some
embodiments, the entire GABI range represents from 17 to 36 weeks. In further embodiments,
the entire GABD range represents more than 17, more than 18, more than 19, more than 20,
more than 21, more than 22, more than 23, more than 24, more than 25, more than 26, more than
27, more than 28, more than 29, more than 30, more than 31, more than 32, more than 33, more
than 34 or more than 35 weeks. In additional embodiments, the entire GABD range represents
more than 119, more than 126, more than 133, more than 140, more than 147, more than 154,
more than 161, more than 168, more than 175, more than 182, more than 189, more than 196,
more than 203, more than 210, more than 217, more than 224, more than 231, more than 238, o

more than 245 days of GABD

(001061 It will be understood by those of skill in the art, that other models are known in the art
that can be used to practice the claimed inventions and that the performance of a model can be
evaluated in a variety of ways, including, but not limited to accuracy, precision, recall/sensitivity,
weighted average of precision and recall. Models known 1o the art tnclade, without himitation,
linear discriminant analysis, support vector machine classification, recursive feature elimination,
prediction analysis of microarray, logistic regression, CART, FlexTree, LART, random forest,

MART, and/or survival analysis regression.

[0G1071 1o some embodiments, performance of a model can be evaluated based on accuracy.
For example, accuracy can be expressed as the percentage of time, for example, 50%, 51%, 52%,
53%, 54%, S5%, 56%, 57%, 38%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, T0%, 71%, 72%,

T3%, 74%, 75%, 76%, 77%, 80% or more that a model accurately predicts a pregnant female’s

risk of developiong placental dysfunction later in the pregnancy.

[00108]  The present disclosure 1s based wn part ou the surprising discovery that the selection of
certain biomarkers and/or clinical variables enables determining a pregnant female’s risk of

developing placental dysfunction later in the pregnancy.

b
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[001091 |t must be noted that, as used in this specification and the appended claims, the
singular forms “a”, “an” and “the” include plural referents unless the content clearly dictates
otherwise and are used interchangeably with “at least ong” and “one or more.” Thus, for

exarple, reference to “a biomarker” includes a mixture of two or more biomarkers, and the like.

[00110]  The term “about,” particularly in reference to a given quantity, 1s meant to encompass

deviations of plus or minus five percent.

FOO111]  Asused herein, the terms “comprises,” “comprising,” “includes,” “including,”
“contains,” “containing,” and any variations thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, product-by-process, or composition of matter that
comprises, inciudes, or containg an element or fist of elements does not include only those
elements but can include other elements not expressly listed or inherent to such process, method,

product-by-process, or compaosition of matter.

[0G112] As used herein, the term “panel” refers to a composition, such as an array or a
coliection, comprising one or more biomarkers. The term can also refer to a profile or index of
expression patterns of one or more biomarkers described herein. The number of biomarkers
useful for a biomarker panel is based on the sensitivity and specificity value for the particular
combination of biomarker values. The term can also refer to a profile or index of expression
patterns of two or more biomarkers described herein. The number of biomarkers useful for a
biomarker panel can, in some embodiments, be based on the sensitivity and specificity value for
the particular combination of biomarker values. Biomarkers in a panel, or the panel as a unit,
can be combined in some embodiments of the invention with other markers, including other
biomarkers and/or chinical or demographic vasiables (e g., BMI, GABD) Such combinations
can be used to derive combined scores predictive of, and which can in turn be used to treat,

pregnancy dysfunction.

[00113]  Asused herein, and unless otherwise specified, the terms “isolated” and “purified”
generally describes a composition of matter that has been removed from its native environment
{e.g., the natural environment if'1t 1s naturally occurring), and thus s altered by the hand of man

from its natural state so as to possess markedly different characteristics with regard to at least
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one of structure, function and properties. An isolated protein or nucleic acid is distinct from the

way it exists in nature and includes synthetic nucleic acids, peptides and proteins.

(001141 The term “biomarker” refers to a biological molecule, a fragment of a biological
molecule, or a clinical variable the change and/or the detection of which can be correlated with a
particular physical condition or state. The terms “marker” and “biomarker” are used
interchangeably throughout the disclosure. For example, the biomarkers of the present invention
are associated with a discrimination power between pregnant females that will develop placental
dysfunction later in the pregnancy versus those that will not develop placental dysfunction. Such
biomarkers include any suitable analyte, but are not limited to, biological molecules comprising
nucleotides, nucleic acids, nucleosides, amino acids, sugars, fatty acids, steroids, metabolites,
peptides, polvpeptides, proteins, carbohydrates, lipids, hormones, antibodies, regions of interest
that serve as surrogates for biological macromolecules and cornbinations thereof (e.g.,
glycoproteins, ribonucleoproteins, fipoproteins). The term also encompasses miRNAs and

portions or fragments of a mikNAs.

[00115]  Asused herein, the term “reversal” refers to the ratio of the measured value of one or
more analytes (or some conversion or representation thereof) over that of one or more analytes,
wherein the analytes provide some partially independent information. In some embodiments, the
analyte value {or its representation) is itself a normalized value of the measured endogenous
analyte relative to, e.g., values in the same processing batch referred to herein as: response ratio
or relative ratio. For example, as exemplified herein, hsa-niR-516-5p/hsa-miR-485-5p 15 a ratio
of an up-regulated analyte in the numerator and a down-regulated analvie in the denominator,
which is defined herein as a “reversal pair.” A ratio of two up-regulated analytes in the
numerator and one down-regulated analyte in the denominator, which 1s within the definition of
a “reversal triplet” defined herein. In some embodiments, ©/” is inclusive of but not limited to
division, taking a root or difference. In other embodiments, “+7 13 tnclusive of but not limited to
addition, taking a power or multiplication. In all instances, one analyte in a reversal may serve to
normalize another analyte (e.g. decrease variability due to biomedical conditions not of interest,
or samiple pre-analyvtical or analytical variability}. In the particular case of a ratio thatis a

“reversal” both amplification of diagnostic signal and normalization are possible. It is

bg
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understood, that the methods of the invention are not limited to the subset of reversals, but also

encompass ratios of biomarkers.

[00116] As used herein, the term “reversal pair” refers to biomarkers in pairs where a
mathematical combination of the values of the pair exhibits a change in value between the
classes being compared. The detection of reversals o analyte (i.e. miRNA) concentrations
eliminates the need for data normalization or the establishment of population-wide thresholds,
and requires only that the levels of two or more biomarkers change relative to each other.
Encompassed within the definition of any reversal pair is the corresponding reversal pair wherein
individual biomarkers are switched between the numerator and denonminator. One skilled in the
art will appreciate that such a corresponding reversal pair is equally informative with regard to

its predictive power.

[00117] The term “reversal value” refers to the ratio of the abundance of two analytes and
serves to both normalize vaniability and amphity diagnostic signal. To some embodiments, a
reversal value refers to the ratio of the abundance of an up-regulated (interchangeably referred to
as “over-abundant,” up-regulation as used herein simply refers to an observation of abundance)
analyte over a down-regulated analyte {(interchangeably referred to as “under-abundant,” down-
regulation as used herein simply refers to an observation of relative abundance). In some
embodiments, a reversal value refers to the ratio of an up-reguliated analyte over an up-regulated
analyte, where one analyte differs in the degree of up-regulation relative the other analyte. In
some embodiments, a reversal value refers to the ratio a down-regulated analyte over a down-
regulated analyte, where one analyte differs in the degree of down-regulation relative the other
analyie. In some embodiments a reversal value refers to the ratio of a regulated analyte (up or
down} and an analyte that is un-regulated. In this case the un-regulated analyte can still serve to
normalize. In some embodiments, a reversal value refers to the ratio of two analytes that are un-
regulated or whose directions of regulation are unknown. In this case, the un-regulated analytes

can still serve to normalize each other and to reveal a diagnostic signal.

[00118]  One advantageous aspect of a reversal 1s the presence of complementary information

in the two analytes, so that the combination of the two is more diagnostic of the condition of
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interest than either one alone. Preferably the combination of the two analytes increases signal-to-
noise ratio by compensating for biomedical conditions not of interest, pre-analytic variability
and/or analytic variability. Out of all the possible reversals within a narrow window, a subset can
be selected based on individual univariate performance. Additionally, a subset can be selected
based on bivariate or multivariate performance in a training set, with testing on held-cut data or
on bootstrap iterations. For example, fogistic or linear regression models can be trained,
optionally with parameter shrinkage by L1 or L2 or other penalties, and tested in feave-one-~out,
leave-pair-out or leave-fold-out cross-validation, or in bootstrap sampling with replacement, or
in a held-out data set. As disclosed herein, the ratio of the abundance of two analyies, for
example, the ratio of an up-regulated biomarker over a down-regulated biomarker, referred
herein as a reversal value, can be used to identify robust and accurate classifiers and predict a

pregnant female’s risk of developing placental dysfunction later in the pregnancy

[06119] Use of a ratio of biomarkers in the methods disclosed herein corrects for variability
that 1s the result of human manipulation after the removal of the biological sample from the
pregnant female. Such vanabiity can be introduced, for example, during sample collection,
processing, depletion, digestion or any other step of the methods used to measure the biomarkers
present in a sample and 1s independent of how the biomarkers behave in nature. Accordingly, the
invention generally encompasses the use of a reversal pair in a method of diagnosis or prognosts

to reduce vartability and/or amplify, normalize or clanty diagnostic signal.

(001201 While the term reversal value can refer to the ratio of the abundance of an up
regulated analyte over a down regulated analyte and serves to both normalize variability and
amplify diagnostic signal, it is also conternplated that a pair of biomarkers of the invention could
be treated 1o a classifier by any other means, for example, by subtraction, addition or
multiplication of abundances. In addition, it is contemplated that a value can be mathematically
converted to a different value and used to determuine 4 ratio. For example, as disclosed herein,
reversals can be constructed as the ratios of the logarithm (log) values. Similarly, ratios can be
mathematically converted, for example, as the log of the ratioed values. The methods disclosed
herein encompass the measurement of biomarker pairs by such other means. A person skilied in
the art will readily understand suitable data transformations that can be applied to identity

biomarkers predictive of placental dysfunction, including the data transformations disclosed
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herein. Exemplary transformations include, but are not limited to, box-cox, root, inverse, rank
and log. Such data transformations are well known in the art, for example, root (where the root
transformation is selected as appropriate for the data set, such as 2, 3, 4, and higher, as
appropriate), inverse {1/X), rank (assigning to an ordered list based on appropriate criteria), and

so forth, as 1s well known in the art.

(001211 This method is advantageous because 1t provides the simplest possible classifier that
may be independent of data normalization, helps to avoid overfitting, and results in a very simple
experimental test that 15 easy to imoplement in the clinic. To some uses of the term “reversal” 1t
refers to the identification of analvie pairs where the relative expression (rank order} of each
member of a pair reverses in the two conditions studied (e g. cancer vs not cancer, placental
dysfunction vs not). Reversal, as it is used here, allows for there to be opposing regulation of the
two members of the pair (e.g., up or down), but does not require that their rank order in
abundance to “reverse” in the different clintcal conditions. The use of marker pairs based on
changes in reversal values that are independent of data normalization enabled the development of
the clinically relevant biomarkers disclosed herein. Because quantification of any single analyte
is subject to uncertainties caused by measurement varnability, normal fluctuations, and individual
related variation in baseline expression, wdentification of pairs of markers that may be under

coordinated, systematic regulation enables robust methods for diagnosis and prognosis.

(0061221 While the specification discloses embodiments directed to measuring the particular
pairs of biomarkers disclosed in Table 4, the invention is not restricted to the particular pairs
recited in Table 4 and individual biomarkers disclosed herein, for example, in Table 3, as well as
any pair or panel of the individual biomarkers 1s also encompassed by the present invention, as
are methods comprisiog oue or wore pairs of biomarkers, for example, pairs of biomarkers
comprising the biomarkers of Tables 3, 4 or 5. It is understood that the univariate and bivariate
biomarkers disclosed herein, for example, in Tables 3, 4 or S, can be used as biomarkers, either
singly, in combinations of 2 or more biomarkers, as panels, or in combination with other
vartables {for example, proteins, metabolites, other molecules, clinical factors, and/or
demographic factors} to predict placental dysfunction, such as preeclampsia, as disclosed herein.
A person skilled in the art can readily contemplate these and/or additional parameters that can be

combined with the biomarkers disclosed herein to predict placental dysfunction.

(s
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[00123] in addition to biomarkers, measurable features can further include clinical
vartables mncluding, for example, maternal characteristics, age, race, ethnicity, medical hustory,
past pregnancy history, obstetrical history. For a risk indicium, a measurable feature can include,
for example, previous low birth weight or preterm delivery, multiple 2nd trimester spontaneous
abortions, prior first trimester induced abortion, familial and intergenerational factors, history of
infertility, nulliparity, placental abnormalities, cervical and uterine anomalies, short cervical
fength measurements, gestational bleeding, intrauterine growth restriction, in utero
diethyistilbestrol exposure, multiple gestations, infant sex, short stature, low prepregnancy
weight/dow body mass index, diabetes, hypertension, urogenttal infections, hypothyroidism,
asthma, low educational attainment, cigarette smoking, drug use and alcchol consumption, prior
miscarriage, prior stilibirth, Body Mass Index (BMI), maternal age, parity, gravidity, fetal
gender, height and weight separately from BMI, race and sociceconomic status. Additional
markers can include, for example, previous low birth weight or preterm delivery, multiple 2nd
irimester spontancous abortions, prior first trimoester induced abortion, famulial and
intergenerational factors, history of infertility, nulliparity, gravidity, primigravida, multigravida,
placental abnormalities, cervical and uterive anomalies, short cervical fength roeasurements,
gestational bleeding, intrauterine growth restriction, in utero diethylstitbestrol exposure, multiple
gestations, infant sex, short stature, low prepregnancy weight, low or high body mass index,
diabetes, hypertension, urogenttal infections (1.e. urinary tract infection), asthma, anxiety and
depression, asthma, hypertension, hypothyroidism, low educational attainment, drug use and
alcohol consumption. Bemographic risk indicta for preterm birth can include, for example,
maternal age, race/ethnicity, single marital status, low sociceconomic status, maternal age,
employment-related physical activity, occupational exposures and environment exposures and
stress. Further risk indicia can include, inadequate prenatal care, cigarette smoking, use of
marijuana and other illicit drags, cocaine use, alcohol consumption, caffeine intake, maternal
weight gain, dietary intake, sexual activity during late pregnancy and leisure-time physical
activities. (Preterm Birth: Causes, Consequences, and Prevention, Tnstitute of Medicine (US)
Committee on Understanding Premature Birth and Assuring Healthy Outcomes; Behrman RE,
Butler AS, editors. Washington (DC): National Academies Press (US); 2007). Additional risk
indicia useful for as markers can be identified using learning algorithms known o the art, such as

linear discriminant analysis, support vector machine classification, recursive feature elimination,

[9%]
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prediction analysis of microarray, fogistic regression, CART, FlexTree, LART, random forest,
MART, and/or survival analysis regression, which are known to those of skill in the art and are

further described herein.

(061241 In some embodiments, the methods of the invention comprise calculation of body

mass index (BMI).

[00125] As used herein, the term “risk score” refers to a score that can be assigned based
on comparing the amount of one or more biomarkers or reversal values in a biological sample
obtained from a pregnant female to a standard or reference score that represents an average
amount of the one or more biomarkers calculated from biological samples obtained from a
random pool of pregnant females. Alternatively, the calculated “risk score” can be compared to
the average population risk {prevalence of the cutcomes). As will be apparent to one of skill in
the art, a risk score can represent the positive predictive value (PPV) of the pregnant female’s
one or more biomarkers or reversal values for occurrence of the event, i.¢, placental dysfunction.
A risk score can also represent the probability of occurrence of the event given the pregnant
female’s one or more biomarkers or reversal values. In a simple embodiment, the pregnant
female’ s risk prior to measurement of biomarkers (pre-test risk) is assigned to be the average
population risk (prevalence of the event}. Her risk is updated upon measurement of biomarkers
and to a post-test risk by calculation of the risk score. An individual pre-test risk can also be
assigned to a pregnant female based her standard clinical and demographic data, or on individual,
family or ancestral health history or genetic data. For exarmple, a pregnant female with a history
of prior preeclampsia may have a greater individual risk for placental dysfunction than the
average population risk. The calculated risk based on biomarkers can then be an updated (post-
test) risk for the current pregnancy, beyond that individual pre-test risk. A calculated risk of
placental dysfunction can also be updated by events or information gathered after the test is
applied in the current pregnancy. For example, a pregnant female with a calculated tisk of
placental dysfunction of 30%, but exhibiting later signs or symptoms {e.g., moderately elevated
blood pressure) may have an even higher risk of placental dystunction (>30%) given the
combination of the test and the later sign or symptom. In some embodiments, the risk score is
expressed as the log of the reversal value, ie. the ratio of the relative intensities of the individual

biomarkers. One skilled in the art will appreciate that a risk score can be expressed basedon a
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various data transformations as well as being expressed as the ratio itself. Furthermore, with
particular regard to reversal pairs, one skilled in the art will appreciate that any ratio is equally
informative if the biomarkers in the numerator and denominator are switched or that related data
transtormations {e.g., subtraction} are applied. Because the level of a biomarker may not be static
throughout pregnancy, a standard or reference score has to have been obtained for the gestational
time point that corresponds to that of the pregnant female at the time the sample was taken. The
standard or reference score can be predetermined and built into a predictor model such that the
comparison is indirect rather than actually performed every time the probability 1s determined for
a subject. A risk score can be a standard (e.g., a number) or 4 threshold {e.g., a line on a graph).
The value of the risk score correlates to the deviation, upwards or downwards, from the average
amount of the one or more biomarkers calculated from biological samples obtained from a

random pool of pregnant females.

[06126]  In some embodiments, the methods of the invention can be practiced with samples
obtained from pregnant females with a specified BMI Briefly, BMI is an individual’s weight in
kilograms divided by the square of height 1o meters. BMI does not measure body ftat divectly, but
research has shown that BMI is correlated with more direct measures of body fat obtained trom
skinfold thickness measurements, bioelectrical impedance, densitometry (underwater weighing),
dual energy x-ray absorptiometry (BXA} and other methods. Furthermore, BMI appears to be as
strongly correlated with various metabolic and disease outcome as are these more direct
measures of body fatness. Generally, an individual with a BMI below 18.5 is considered
underweight, an individual with a BMI of equal or greater than 18.5 to 24.9 normal weight, while
an individual with a BMI of equal or greater than 25.0 t0 29.9 1s considered overweight and an
individual with a BMI of equal or greater than 30.0 is considered obese. In some embodiments,
the predictive performance of the claimed methods can be improved with a BMI siratification of
equal or greater than 18, equal or greater than 19, equal or greater than 20, equal or greater than
21, equal or greater than 22, equal or greater than 23, equal or greater than 24, equal or greater
than 25, equal or greater than 26, equal or greater than 27, equal or greater than 28, equal or
greater than 29 or equal or greater than 30. In other embodiments, the predictive performance of
the claimed methods can be improved with a BMI stratification of equal or less than 18, equal or

fess than 19, equal or less than 20, equal or less than 21, equal or less than 22, equal or less than
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23, equal or less than 24, equal or less than 25, equal or less than 26, equal or less than 27, equal

or less than 28, equal or less than 29 or equal or less than 30.

(001271 In the context of the present invention, the term “biological sample,” encompasses
any sample that is taken from pregnant female, and particularly from a pregnant human, and
contains one or more of the biomarkers disclosed herein. Suitable sarples in the context of the
present invention clude, for example, blood, plasma, serum, amniotic fluid, vaginal secretions,
saliva, and urine. In some embodiments, the biological sample 15 selected from the group
counsisting of whole blood, plaswma, and serum. Tu a particular emwvbodiment, the biological sample
is serum. As will be appreciated by those skilled in the art, a biological sample can include any
fraction or component of blood, without limitation, T cells, monocytes, neutrophils, erythrocytes,
platelets and microvesicles such as exosomes and exosome-like vesicles. In a particular

embodiment, the biological sample is serum.

1001281 The term “amount” or “level” as used herein refers to a quantity of a biomarker that is
detectable or measurable in a biological sample and/or countrol. The guantity of a biomarker can
be, for example, the quantity of nucleic acid {i.e. miRNA}, the quantity of a polypeptide, the
quantity of nucleic acid, or the quantity of a fragment or surrogate. The term can alternatively
include combinations thereof. The term “amount” or “level” of a biomarker 15 2 measurable

feature of that biomarker.

(001291 In some embodiments, nucleic acid amplification methods can be used to detect a
polynuclectide biomarker, For example, the oligonuclectide primers and probes of the present
invention can be used in amplification and detection methods that use nucleic acid substrates
isolated by any of a variety of well-known and established methodologies {e.g., Sambrook ef al,
Molecular Cloning, A laboratory Manual, pp. 7.37-7.57 (Znd ed., 1989); Lin ef o/, in Diagnostic
Molecular Microbiology, Principles and Applications, pp. 605-16 (Persing ef o/, eds. (1993}
Ausubel e7 o | Current Protocols in Molecular Biology (2001 and subsequent updates)). Methods
for amphifying nucleic acids include, but are vot limited to, for example the polymerase chain
reaction (PCR) and reverse transcription PCR (RT-PCR) (see e.g., U5 Pat Nos. 4,683,195,
4,683,202; 4,800,159; 4,965,188}, ligase chain reaction {LCR) (see, e.g., Weiss, Science

254:1292-93 (1991}), strand displacement amplification (8DA) (see e.g., Walker ef /., Proc.
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Natl. Acad. Sci. USA 89:392-396 (1992); U.S. Pat. Nos. 5,270,184 and 5,455,166),
Thermophilic SDA (tSDA) (see e.g , European Pat. No. 0 684 315), digital PCR (see, e.g,,
Salipante ef /., Clin. Chem. doi: 10.1373/clinchen 2019.304048 (2019}), and methods described
in J.8. Pat No. 5,130,238; Lizardi ef o/, BioTechnol. 6:1197-1202 {(1988); Kwoh ¢ @/, Proc.
Natl. Acad. Sci. USA 86:1173-77 (1989}, Guatelli ef o/, Proc. Natl. Acad. Sci. USA 87:1874-78
{1990}, 1.8 Pat. Nos. 5,480,784, 5,399,491, US Publication No. 2006/46265.

F06130] In some embodiments, measuring mRNA in a biological sample can beused as a
surrogate for detection of the level of the corresponding protein biomarker in a biological
sample. Thus, any of the biomarkers, biomarker pairs or biomarker reversal panels described
herein can also be detected by detecting the appropriate RNA. Levels of mRNA can measured by
reverse transcription quantitative polymerase chain reaction (RT-PCR followed with gPCR). RT-
PCR 15 used to create a ¢DNA from the mRNA. The ¢DNA can be used in a gPCR assay to
produce flucrescence as the BNA amplification process progresses. By comparison to 3 standard
curve, gPCR can produce an absolute measurement such as number of copies of mRNA per cell.
Digital PCR 1s a special case of gPCR, where PCR 138 performed in many discrete partitions of
the sample, and can be more sensitive and reliable than traditional qPCR (see, e.g., Salipante ef
al., Clin. Chem. dot 10.1373/clinchenn 2019 304048 (2019)). Northern blots, mucroarrays,

Invader assays, and RT-PCR combined with capillary electrophoresis have all been used to

measure expression levels of mRNA 1n a sample. See Gene Expression Profiling: Methods and

Protocols, Richard A. Shimkets, editor, Humana Press, 2004,

[001311  In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed in Tables 3, 4 or 5.

[001321  In a further aspect, the invention provides a panel of isolated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed 1n Table 3.

[00133]  Insome embodiments, a panel described herein comprises hsa-miR-516b-5p. In
some embaodiments, a panel described herein comprises hsa-miR-30¢-5p. In some embodiments,
a panel described herein comprises hsa-miR-1-3p. In some embodiments, a panel described
herein comprises hsa-miR-331-3p. In some embodiments, a panel described herein comprises

hsa-nmiR-485-5p. In some embodiments, a panel described herein comprises hsa-miR-181d-5p.

~
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{n some embodiments, a panel described herein comprises hsa-miR-23a-3p. In some
embodiments, a panel described herein comprises hsa-miR-378d. In some embodiments, a panel
described herein comprises hsa-miR~155-5p. In some embodiments, a panel described herein
comprises hsa-miR-99b-3p. In some embodiments, a panel described herein comprises hsa-miR-
1249-3p. In some embodiments, a panel described herein comprises hsa~-miR-~142-3p. In some
embodiments, a panel described herein comprises hsa-miR-4433b-5p. In some embodiments, a
panel described herein comprises bsa~-miR-1273h-3p. In some embodiments, a panel described
herein comprises hsa-miR-18a-3p. In some embodiments, a panel described herein comprises
hsa-miR~-4746-5p. In some embodiments, a pavel described herein comprises hsa-miR-~27a-5p.
In some embodiments, a panel described herein comprises hsa-miR-654-3p. In some
embodiments, a panel described herein comprises hsa-miR-7-5p. In some embodiments, a panel

described herein comprises hsa-miR-941.

[06134] In some embodiments, a panel described herein comprises hsa-miR-516b-5p and at
feast one biomarker selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-5p,
hsa-miR-181d-5p, hsa-miR-234-3p, hea-miR-378d, hsa-nuR-155-5p, hsa-miR-996-3p, hsa-miR-
1249-3p, hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-
4746~5p, hsa~miR-27a-5p, hsa-miR-654-3p, bhsa-roiR-7-5p, and hsa-miR-~941.

[00135]  In some embodiments, a panel described herein comprises hsa-miR-30¢-5p and at
feast one biomarker selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-5p,
hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-nuR-155-5p, hsa-miR-995-3p, hsa-miR-
1249-3p, hsa~-miR-142-3p, hsa-miR~-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-
4746-5p, hsa-miR-27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(001361 In some embodiments, a panel described herein comprises hsa-miR-1-3p and at least
one biomarker selected from the group consisting of hsa-miR-~331-3p, hsa-miR-485-5Sp, hsa-miR-
181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p,
hea-miR~142-3p, hsa-miR-4433b-5p, hsa~nmuR-1273h-3p, hsa-miR-~18a-3p, hsa-miR-4746-5p,

hsa-miR-~27a-5p, hsa~-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(001371 In some embodiments, a panel described hersin comprises hsa-miR-516b-5p and at

feast one pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-
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516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7h-5p, hsa-miR-
30¢c-Sp/hsa~-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-510b-5p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-3p/hsa-let-Tg-
5p, hsa~miR-30c-5p/hsa-miR-~16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-mik-516b-5p, hsa-miR-
155-5p/hsa~-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-Sp,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-niR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-nuR-0741-Sp/hsa~-miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, haa-
miR-516b-5p/hsa-let-7a-Sp, hsa-miR-30¢-Sp/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-
345-Sp, hsa-miR-516b-Sp/hsa-let-71-5p, hsa-miR-485-5p/hsa-miR-183-Sp, hsa-miR-516b-
Sp/hsa-miR-185-5p, hea-let-7i-Sp/hsa~-miR-485-5p, hsa~-miR-4433b-Sp/hsa-miR-516b-5p, hea-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-Sp/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
S16b-3p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-3p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-Sp/hisa-miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-~7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa~-miR-328-3p, hsa-miR-181a-5p/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-nuR-155-Sp/hsa-let-7i-5p, hsa-nuR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-~127-3p, hea-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hisa~-miR-320a, hsa-miR-~-516b-5p/hsa-miR-744-5p, hsa-miR-~30¢-5p/hsa-riR-186-
5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
iR-485-5p, bsa~-miR-155-5p/hsa-miR-~-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-Sp, hsa~-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-Sp/hsa-miR-885-3p, hsa-nuR-516b-Sp/hsa-miR-1307-3p, hsa-muR-516b-Sp/hisa-miR-30d-
5p, bsa~miR-3605-5p/hsa-miR-425-3p, hsa~-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-~127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
451a, hsa-miR-21-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
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Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30¢-Sp/hsa-let-7i-5p, hsa-nmiR-516b-Sp/hsa-miR-425-5p, hsa-nmiR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a-5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-146a-5p, and hsa-miR-~
516b-5p/hsa-miR-451a.

[00138]  In some embodiments, a panel described herein comprises hsa-miR-30c¢-5p and at
feast one pair of biomarkers selected from the group cousisting of hsa-riR-140-3p/hsa-miR-
516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-mik-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hsa-let-7Tb-Sp, hsa-miR-
30e-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-~-516b-Sp/hsa-miR-150-5p,
hsa~-nmiR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-Sp, hsa-miR-516b-Sp/hsa-let-Tg-
Sp, hsa-miR-30¢c-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-01R-423-5p, hsa-miR-30c-Sp/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miRk-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-
155-5p/hisa~miR-27b-3p, hsa~-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7d-5p,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, bsa-iR-6741-5p/hsa-miR-760, hsa~-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa~-miR-151a-3p, hsa-miR-30a-5Sp/hsa-miR-485-5p, hsa-
miR-516b-Sp/hsa-let-7a-5p, hsa-nmuR-30c-Sp/hsa-miR-27a-3p, hsa-nuR-485-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa~-miR-30a-5p, hsa-miR~-433-3p/hsa-miR-
345-5p, hsa~-miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
516b-5p, hsa-miR-516b-Sp/hsa~-miR-10b-5p, hsa-miR-485-Sp/hsa-miR-27a-3p, bsa-miR-9%-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-0852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-Sp/hsa-let-7i-3p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa~-miR
485-5p, hsa-miR-~155-Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-71-5p, hsa-miR-98-Sp/hsa-
miR-485-5p, hsa-miR-485-5p/bsa-miR-~127-3p, hsa~-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-nuR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa~-miR-S16b-5p/hsa-riR-744-5p, hsa~-miR-30¢-Sp/hsa-nuR-186-
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5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-Sp/hsa-miR-26b-Sp, hsa-muR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-Sp/hsa-miR-885-3p, hsa-nuR-516b-Sp/hsa-miR-1307-3p, hsa-muR-516b-Sp/hisa-miR-30d-
5p, bsa~miR-3605-5p/hsa-miR-425-3p, hsa~-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-~-127-3p, hsa-miR-5301-3p/hsa~-miR-485-5p, hsa-miR-30¢-3p/hsa-miR-
451a, hsa-miR-21-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, bsa-riR-330-5p/hsa-miR-92b-5p, hsa-iR~-4443/hsa~-miR-485-5p, hsa-
miR-30¢-5p/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-~-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hisa~-nmiR-146b-Sp/hsa~-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa~-miR-30c-Sp/hsa-miR-125a-5p, hsa-miR-378c/hsa~-miR-~
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~muR-451a

[0G1391 1o some embodiments, a panel described herein comprises hsa-miR-1-3p and at least
one pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p,
hsa~miR-155-5p/bsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-
516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30c-Sp/hsa-
miR-7-5p, hsa-niR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-miR-485-
Sp/hsa-miR~516b-5p, haa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miR-
30¢-Sp/hsa-nuR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5Sp/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-316b-Sp/hsa~-miR-126-3p, hsa~-nuR-99b-3p/hsa~-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa~miR-516b-Sp/hsa~miR-151a-3p, bsa~-riR-30a-Sp/hsa-nmiR-485-5p, hsa-muR-516b-Sp/hsa-let-
7a-5p, hsa-miR-30¢c-5p/hsa~-miR-27a-3p, hsa-miR~-485-5p/hsa-miR-~7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
516b-Sp/hsa-tet-7H-5p, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-5p, bsa~miR-516b-5p/hsa-miR-3615, hea-miR-100-Sp/hsa~-miR-516b-5p, hsa-miR-516b-
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Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-Sp, hsa-miR-5316b-Sp/hsa-nuR-
484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa~-miR-181a-5p, hsa-miR-7-Sp/hsa~-miR-
516b-Sp, hsa-miR-516b-5Sp/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR~-30a-5p, hsa-miR-~155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-niR-516b-5p/hsa-nuR-25-3p, hsa-
miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-~128-3p, hsa-miR-516b-Sp/hsa-miR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa-miR-186-5p, hsa-nmiR-516b-
Sp/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa~miR-127-3p/hsa-miR~-485-5p, hsa-
miR-~155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
Sp, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-374b-5p/hsa-miR-885-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-Sp/hsa-miR-30d-Sp, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-Sp, hsa-miR-125b-5p/hsa-miR-485-Sp, hsa-
i R-26b-5p/hisa-miR-485-5p, hsa-miR-30¢-5p/hsa~-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30¢c-5p/hsa-miR-451a, hsa-nuR-21-5p/hsa-miR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, bsa-miR-516b-5p/hsa-miR-~146b-5p, hsa~-miR-330-
S5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-let-7i-5p, hsa-miR-
516b-Sp/hsa-nmiR-425-5p, hsa-nuR-516b-Sp/hisa-nmiR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hsa-miR-~-760/hsa~miR-378g, hsa~-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hisa~-nmiR-30¢-5p/hsa-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-Tb-Sp/hsa-miR-485-

Sp, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

(0061401  In one aspect, the invention provides a biomarker panel comprising two or more of
the isolated nucleic acid biomarkers selected from the group consisting of hsa-miR-516b-5p, hsa-
miR-30¢-5p, hsa-miR-1-3p, bsa-riR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-~23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b~5p, hsa~-miR-1273h-3p, hsa~-miR-18a-3p, hsa~-miR-4746-5p, hsa~-miR-27a-5p, hsa-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941

[06141] In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-1-3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-miR-4433b-5p,

and/or hsa~-miR-27a-5p. In some embodiments, the biomarker panel comprises isolated nucigic
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acid biomarkers comprising hsa-miR-516b-5p and/or hsa-miR-30¢-5p . 1n some embodiments,
the biomarker panel comprises 1solated nucleic acid biomarkers comprising hsa-miR-516b-5p,
hsa-miR-30c-5p, hsa~-miR-1-3p, and/or hsa-miR-331-3p . In some embodiments, the biomarker
panel comprises isolated nucleic acid biomarkers comprising hsa-miR-516b-5p, hsa-miR-30¢-Sp,

hsa-miR-~1-3p, hsa-miR-331-3p, hsa-miR~-485-5p, and/or hsa-miR-~181d-5p.

[001421 o one aspect, the tnvention provides a panel of 1solated nucleic acid biomarkers

comprising two or more of the nucleic acid biomarkers listed in Table 4.

(001431  In some embodiments, a panel described herein comprises hsa-miR-140-3p/hsa-miR-
S516b-5p. In some embodiments, a panel described herein comprises hsa~-miR-155-Sp/hsa~-miR-
625-3p. In some embodiments, a panel described heretn comprises hsa~-miR-30¢-5p/hsa-miR-~
275-3p. In some embodiments, a panel described herein comprises hsa-miR-25-5p/hsa-miR-
516b-5p. In some embodiments, a panel described herein comprises hsa-miR-484/hsa-miR-516b-
Sp. In some embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-7h-5p.
In some embodiments, a panel described heretn comprises hsa~-miR-30¢-5p/hsa-miR-7-5Sp. In
some embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-niR-486-5p. In
some embodiments, a panel described herein comprises hsa~-miR-516b-Sp/hsa~-nmiR-150-5p. In
some embodiments, a panel described herein comprises hsa-miR-485-5p/hsa-miR-516b-5p. In
some embodiments, a panel described herein comprises hsa-miR-7-Sp/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-7g-5p. In some
embodiments, a panel described herein comprises hsa-miR-30¢-5p/hsa-miR-16-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-516b-5p/hsa-miR-423-5p. In some
embodiments, a panel described herein comprises hsa-miR-30¢-Sp/hsa-miR-30a-5p. In some
embodiments, a panel described herein comprises bsa-miR-516b-5p/hsa-miR-92a-3p. In some
embodiments, a panel described herein comprises hsa-miR-186-5p/hsa-miR-516b-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-155-5p/hsa~miR-27b-3p. In some
embodiments, a panel described herein comprises hsa-miR-30e-5p/hsa-miR-516b-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-7d-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-103a-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-Sp/hsa-miR-126-3p. In some

embodiments, a panel described heretn comprises hsa-miR-99b-3p/hsa~-miR-480-3p. In some
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embodiments, a panel described herein comprises hsa-miR-6741-5p/hsa-miR-760. In some
embodiments, a panel described herein comprises hsa-miR-20a-Sp/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-23a-3p/hsa-miR-27b-3p. In some
embodiments, a panel described herein comprises hsa-nuR-516b-Sp/hsa-miR-151a-3p. In some
embodiments, a panel described heretn comprises hsa~-miR-30a-5p/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-7a-5p. In some
embodiments, a panel described herein comprises hsa-miR-30¢-Sp/hsa~-miR-27a-3p. In some
embodiments, a panel described herein comprises hsa-miR-485-5p/hsa-miR-7-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-5316b-5Sp/hsa-miR-222-3p. In some
embodiments, a panel described heretn comprises hsa~-miR-23a-3p/hsa-miR-30a-5p. In some
embodiments, a panel described herein comprises hsa-miR-433-3p/hsa-miR-345-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-7{-5p. In some
embodiments, a panel described herein comprises hsa-miR-485-Sp/hisa-niR-183-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-5316b-5Sp/hsa-miR-185-5p. In some
embodiments, a panel described herein comprises hsa-let-7i-5p/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-4433b-5p/hsa~rmR-516b-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-191-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-Sp/hsa-miR-3615. In some
embodiments, a panel described heretn comprises hsa~-miR-100-5p/hsa~-miR-516b-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-10b-5p. In some
embodiments, a panel described herein comprises hsa-miR-485-5p/hsa-miR-27a-3p. In some
embodiments, a panel described herein comprises hsa-miR-99a-5p/hsa-miR-485-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-99b-3p/hsa~miR-0852-5p. In some
embodiments, a panel described herein comprises hsa-miR-363-3p/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-484. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-71-5p. In some
embodiments, a panel described herein comprises hsa-miR-23a-3p/hsa-miR-181a-5p. In some
embodiments, a panel described heretn comprises hsa-miR-7-5p/hsa~-miR-516b-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-328-3p. In some
embodiments, a panel described herein comprises hsa-miR-181a-5p/hsa-miR-485-5p. In some

embodiments, a panel described herein comprises hsa-miR-155-5p/hsa-miR-30a-5p. In some
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embodiments, a panel described herein comprises hsa-miR-155-5p/hsa-let-7i-5p. In some
embodiments, a panel described herein comprises hsa-miR-98-5p/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-485-5p/hsa-miR-127-3p. In some
embodiments, a panel described herein comprises hsa-muR-320b/hsa-miR-485-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-516b-5p/hsa~-miR-25-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-148a-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR~-128-3p. Tu some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-320a. In some
embodiments, a panel described heretn comprises hsa~-miR-5316b-5Sp/hsa-miR-744-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-30c-5p/hsa-niR-186-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-629-5p. In some
embodiments, a panel described herein comprises hsa-miR-23a-3p/hsa~-miR-93-5p. In some
embodiments, a panel described herein comprises hsa-miR-127-3p/hsa-nmiR-485-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-155-Sp/hsa~-miR-451a. In some
embodiments, a panel described herein comprises hsa-miR-30c-5p/hsa-miR-26b-5p. In some
embodiments, a panel described herein comprises hsa-miR-4732-3p/hsa-mR-516b-5p. In sorue
embodiments, a panel described herein comprises hsa-miR-7-5p/hsa-miR-941. In some
embodiments, a panel described herein comprises hsa-miR-451a/hsa-miR-485-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-374b-5p/hsa~-miR-885-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-1307-3p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-niR-30d-5p. In some
embodiments, a panel described herein comprises hsa-miR-3605-Sp/hsa-miR-425-3p. In some
embodiments, a panel described heretn comprises hsa~-miR-5301-3p/hsa~miR-516b-5p. In some
embodiments, a panel described herein comprises hsa-miR-125b-5p/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-26b-5p/hsa-miR-~-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-30c-5p/hsa-miR-99a-5p. In some

~
Ilm

embodiments, a panel described herein comprises hsa-miR-516b-Sp/hsa-miR-127-3p. In some

embodiments, a panel described heretn comprises hsa~-miR-501-3p/hsa~-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-30c-Sp/hsa-miR-451a. In some
embodiments, a panel described herein comprises hsa-miR-21-5p/hsa-miR-485-5p. In some

embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-423-3p. In some
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embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-146b-5p. In some
embodiments, a panel described herein comprises hsa-miR-330-5p/hsa-miR-92b-5p. In some
embodiments, a panel described herein comprises hsa-miR-4443/hsa-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-30c-5p/hsa-let-7i-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-516b-5p/hsa-miR-425-5p. In some
embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-24-3p. In some
embodiments, a panel described herein comprises hsa-miR-146b-5p/hsa-miR~-485-5p. Tn some
embodiments, a panel described herein comprises hsa-miR-760/hsa-miR-378g. In some
embodiments, a panel described heretn comprises hsa-miR-3615/hsa~-miR-485-5p. In some
embodiments, a panel described heretn comprises hsa~-miR-140-3p/hsa~-miR-485-5p. In some
embodiments, a panel described herein comprises hsa-miR-30¢-Sp/hsa-miR-1252a-5p. In some
embodiments, a panel described herein comprises hsa-miR-378¢/hsa-miR-148a-5p. In some
embodiments, a panel described herein comprises hsa-let-7b-5p/hsa-miR-485-Sp. In some
embodiments, a panel described heretn comprises hsa~-muR-5316b-Sp/hsa~-miR-146a-5p. In some

embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-miR-451a.

[00144]  In some embodiments, a panel described herein comprises hsa-miR-140-3p/hsa-miR-
S16b-3p and at least one biomarker paur selected from the group counsisting of hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30¢c-5p/hsa-miR-7-Sp, hsa-miR-516b-5p/hsa-miR-486-Sp, hsa-miR-516b-Sp/hsa-nuR-150-3p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-
Sp, hsa-miR-30¢-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30¢-Sp/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa~-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-
155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7d-5p,
hsa-miR-~-516b-5p/hsa-miR-103a-3p, hsa-nuR-516b-Sp/hsa~-miR-126-3p, hsa-miR-99h-3p/hsa-
miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/bsa-miR-27b-3p, hsa~-miR-~516b-Sp/hsa-miR-151a-3p, hsa-miR-30a-Sp/hsa~miR-485-5p, hsa-
miR-516b-5p/hsa-let-7a-5p, hsa-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-
345-5p, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-485-Sp/hsa-miR-~183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-7Ti-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-S16b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-~3615, hsa~-miR-~100-Sp/hsa~-miR-
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516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa~-miR-516b-Sp/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hisa-nuR-328-3p, hsa-niR-181a-5p/hsa-miR-
485-5p, hsa~-miR-155-5p/hsa~miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5Sp/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa~-miR-516b-5p/hsa~-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa-miR-186-
5p, bsa~miR-S16b-5p/bsa-riR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa~-miR-127-3p/hsa-
miR-485-5p, hsa-miR-~155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-94 1, hsa-miR-45la/hsa-miR-485-5p, hsa-miR-
374b-5p/hsa-nR-885-3p, hsa-miR-516b-5p/hsa-miR~1307-3p, bsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hea-miR-26b-Sp/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
451a, hsa-miR-21-Sp/hsa~miR-485-5p, hsa~-miR-516b-Sp/hsa~-miR-423-3p, hsa~-miR-S16h-
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30¢-5p/hsa-let-7i-Sp, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5Sp/hsa-miR-24-3p,
hsa-miR-~146b-5p/hsa-miR-~-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-nmiR-140-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-~125a-5p, hsa-miR-378¢/hsa-nuR-
148a-5p, hsa-tet-7b-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa-nuR-451a

[00145] In some embodiments, a panel described herein comprises hsa-miR-155-5p/hsa-miR-
625-3p and at least one biomarker pair selected from the group consisting of hsa-miR-25-5p/hsa-
miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢-
Sp/bsa-miR-7-5p, hsa-miR-516b~-5p/haa-miR-486-5p, hsa-miR-516b~-5p/hsa-miR-150-5p, hsa-
miR-485-5p/hsa~-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p,
hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30c-Sp/hsa-nuR-
30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-Sp/hsa-miR-516b-5p, hsa-miR-155-
Sp/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-
miR-516b-5p/hsa-miR-~-103a-3p, hsa-miR-516b-Sp/hsa-miR-~126-3p, hsa-miR-~99b-3p/hsa~-miR-

N
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486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-
miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-
S16b-5p/hsa-tet-7a-5p, hsa-miR-30c-Sp/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa~
miR-516b-Sp/hsa-nuR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-niR-433-3p/hsa-miR-345-
5p, bsa~miR-510b-5p/haa-iet-7f-5p, hsa-miR-~485-5p/hsa-miR-183-3p, hsa~-miR-510b-5p/hsa-
miR-185-5p, hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-mik-
S16b-3p/hsa-miR-191-5p, hsa-roiR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-516b-5p,
hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-Sp/hsa-miR-
485-Sp, hsa~-miR-99b-3p/hsa~muR-0852-5p, hsa~-miR-363-3p/hsa~miR-485-5p, hsa~-nmuR-516b-
Sp/hsa-miR~484, hsa-miR-~516b-Sp/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-~181a-5p, hsa-miR-7-
Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hisa-nuR-328-3p, hsa-nuR-181a-5p/hsa-miR-485-5p,
hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-5Sp/hsa-let-7i-5p, hsa~-miR-98-5p/hsa-miR-485-
5p, hsa~-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-
miR-25-3p, hsa~-miR-~516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-5p/hea-miR-128-3p, hsa-miR-
516b-5p/hsa-miR-320a, hsa-miR-516b-5p/hsa-nR-744-5p, hsa-niR-30¢c-5p/hsa-miR-186-5p,
hsa~miR-516b-Sp/hsa~miR-629-5p, hsa~-miR-23a-3p/hsa-miR-~93-5p, hsa~-miR-127-3p/hsa~nmiR-
485-5p, hsa-miR-155-5p/hsa-nuiR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-316b-5p, hsa-miR-7-Sp/hsa-miR-94 1, hsa-miR-451a/hsa-niR-485-5p, hsa-miR-
374b-5p/hsa~-miR-885-3p, hsa~-miR-516b-5p/hsa~miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-5p/hsa~-miR-485-5p, hsa~-miR-30c-5p/hsa-miR-993-5p, hsa-
miR-516b-Sp/hsa-nmuiR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-nuR-
451a, bsa~-miR-21-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-miR~423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c-Sp/hsa-let-7i-5p, hsa~miR-516b-Sp/hsa-miR-425-5p, hsa~miR-516b-Sp/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a-5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-146a-5p, and hsa-miR-~
S16b-5p/hsa-miR-451a.

(001461  In some embodiments, a panel described herein comprises hsa-miR-30¢-Sp/hsa-miR-

27b-3p and at least one biomarker pair selected trom the group consisting of hsa-miR-25-5p/hsa-

48



WO 2021/252574 PCT/US2021/036535

miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢-
Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-
miR-485-5p/hsa~-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p,
hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30c-Sp/hsa-nuR-
30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-Sp/hsa-miR-516b-5p, hsa-miR-155-
Sp/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-
miR-516b-5p/hsa-miR-~-103a-3p, hsa-miR-516b-Sp/hsa-miR-~126-3p, hsa-miR-~99b-3p/hsa~-miR-
486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-
miR-27b-3p, hsa-nuR-516b-Sp/hsa~-miR-151a-3p, hsa~-miR-30a-Sp/hsa-miR~485-5p, hsa~-miR-
516b-Sp/hsa-tet-7a-5p, hsa-miR-30¢-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-
miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-
Sp, hsa-miR-516b-Sp/hsa-let-7t-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-Sp/hsa-
miR-185-5p, hsa-let-Ti-5p/hsa-miR-485-5p, hsa-miR-4433b-Sp/hsa-nuR-516b-5p, hsa-miR-
516b-Sp/hsa~-miR-191-5p, hsa-nuR-516b-Sp/hsa~miR-3615, hsa~-miR-100-5p/hsa-miR-516b-5p,
hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-5p/hsa-miR-
485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR~-485-5p, hsa-miR-516b-
Sp/hsa-miR-484, hsa-miR-516b-5p/hsa-tet-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-
Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-5p,
hsa-miR-~155-5p/hsa~-miR-30a-5p, hsa~-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-Sp/hsa-miR-485-
Sp, hsa-miR-485-Sp/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-
miR-25-3p, hsa-miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-
516b-Sp/hsa-nmiR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢-Sp/hsa-miR-186-5p,
hea-miR-516b-5p/hsa-miR-~-629-5p, hsa-miR-~23a-3p/hsa~-miR-93-5p, hsa-miR-127-3p/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-1iR-94 1, hsa-miR~45la/hsa-miR-485-5p, hsa-riR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-niR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-301-3p/hsa-nuR-485-5p, hsa-miR-30c¢-5p/hsa-miRk-
451a, hsa~-miR-21-5p/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-423-3p, hsa-miR-516b-~
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
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miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hisa~-nmiR-146b-Sp/hsa~-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa~-miR-30c-Sp/hsa-miR-125a-5p, hsa-miR-378c/hsa~-miR-~
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

(001471 In some embodiments, a panel described herein comprises hsa-miR-140-3p/hsa-miR-
516b-5p and at least one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-
miR-30c-5p, hsa-miR-1-3p, hsa~-miR-331-3p, hsa-niR-485-5p, hsa-miR-181d-Sp, hsa-miR-23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-Sp, hsa-

miR-054-3p, hsa-miR-7-5p, and hsa-miR-941.

[001481  In some embodiments, a panel described herein comprises hsa-miR-155-5p/hsa-miR-
625-3p and at least one biomarker selected from the group consisting of hsa-niR-516b-Sp, hsa-
miR-30c-5p, hsa-miR-~1-3p, hsa~-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-Sp, hea-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(001491 In some embodiments, a panel described herein comprises hsa-miR-30¢-5p/hsa~-miR-~
27b-3p and at least one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-
miR-30c-5p, hsa-miR-~1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-~-181d-5p, hsa-miR-23a-
3p, hsa~-miR-378d, hsa~-miR-155-5p, hsa-miR-9%b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p, hsa-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

[001501  In some embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-

7b-5p, hsa-miR-516b-5p/hsa-miR-423-5p and hsa-miR-155-5p/ hsa-let-7i-5p.

[00151]  Insome embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-

I

7b-5p and at least one biomarker pair selected from the group consisting of hsa-miR-140-3p/hsa-

miR-516b-5p, hsa-nuR-155-Sp/hsa-miR-625-3p, hsa-nuR-30¢-5p/hsa-miR-27b-3p, hsa-miR-25-
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Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30¢-Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-~-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~-miR-30¢-Sp/hsa-miR-16-5p, hsa-muR-516b-Sp/hsa-miR-423-5p, hsa-niR-30¢-5p/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa~-miR-516b-5p, hsa-miR-
155-5p/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-niR-516b-5p/hsa-let-7d-5p,
hsa~miR-516b-Sp/hsa~-miR-103a-3p, bsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5Sp/hsa-miR-151a-3p, hsa~-miR-30a~-5p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-let-7a-5p, hsa-miR-30¢-5p/hsa~-miR-27a-3p, hsa~-miR-485-5p/hsa-miR-7-5p,
hsa~-nmiR-516b-Sp/hsa~-miR-222-3p, hsa-nuR-23a-3p/hsa-miR-30a-5p, hsa-niR-433-3p/hsa-miR-
345-5p, bsa-miR-510b-5p/hsa-let-7f-5p, hsa~-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-7i-Sp/hsa-niR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hisa~-miR-191-5p, hsa~-miR-516b-Sp/hsa~miR-36135, bsa-miR-100-5p/hsa-mmiR-~
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-~-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hisa-nuR-328-3p, hsa-niR-181a-5p/hsa-miR-
485-5p, hsa~-miR-155-5p/hsa~miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5Sp/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa~miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-nmiR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c¢-5p/hsa-miR-186-
5p, bsa~miR-S16b-5p/bsa-riR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa~-miR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-1iR-94 1, hsa-miR~45la/hsa-miR-485-5p, hsa-riR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-niR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-301-3p/hsa-nuR-485-5p, hsa-miR-30c¢-5p/hsa-miRk-
451a, hsa~-miR-21-5p/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-423-3p, hsa-miR-516b-~
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
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miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hisa~-nmiR-146b-Sp/hsa~-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa~-miR-30c-Sp/hsa-miR-125a-5p, hsa-miR-378c/hsa~-miR-~
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

(001521 In some embodiments, a panel described herein comprises hsa-miR-516b-5p/haa-
miR-423-5p and at least one biomarker pair selected from the group consisting of hsa-miR-140-
3p/hsa-miR-516b-5p, hsa-nuR-~155-5p/hisa-miR-625-3p, hsa-miR-30c¢-5p/hsa~-miR-27b-3p, hsa-
miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p,
hsa-miR-30c¢-Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-
150-5p, hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa~-miR-516b-
Sp/hsa-let-Tg-Sp, hsa-miR-30¢-5p/hsa-miR-16-5p, hsa-miR-S16b-5p/hsa-miR-423-5p, hsa-miR-
30¢c-Sp/hsa~-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-~186-5p/hsa~-miR-516b-5p,
hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa~-miR-~516b-Sp/hsa-miR-~1032a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-9%b-
3p/hsa-miR-486-3p, hsa-nuiR-6741-5p/hsa-miR-760, hsa-miR-20a-Sp/hsa-miR-485-5p, hsa-miR-
23a-3p/hsa~-miR-27b-3p, hsa-nuR-516b-Sp/hsa~-miR-151a-3p, hsa-miR-30a-Sp/hsa~-miR-485-5p,
hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-30¢-5p/hsa-miR-27a-3p, hsa~miR-485-5p/hsa-miR-7-
5p, hsa~-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-
miR-345-5p, hsa-miR-516b-Sp/hsa-let-7H-Sp, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-316b-
Sp/hsa-miR-185-5p, hsa-let-7Ti-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-S16b-5p, hsa-
miR-516b-5p/hsa-miR-~191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-5p/hsa~-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR~0852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa~miR-7-3p/hsa-miR-316b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa~-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa~-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-Sp, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-~-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢-Sp/hsa-niR-186-

Sp, hsa-miR-516b-Sp/hsa-miR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
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miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-94 1, hsa-miR-45la/hsa-miR-485-5p, hsa-miR-
374b-5p/hsa-nR-885-3p, hsa-miR-516b-5p/hsa-miR~1307-3p, bsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
451a, hsa-miR-21-Sp/hsa~miR-485-5p, hsa~-miR-516b-Sp/hsa~-miR-423-3p, hsa~-miR-S16h-
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c¢-3p/hsa-let-7i-Sp, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-~146b-5p/hsa-miR-~-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-nmiR-140-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-~125a-5p, hsa-miR-378¢/hsa-nuR-
148a-5p, hsa-tet-7b-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa-nuR-451a

[00153] In some embodiments, a panel described herein comprises hsa-miR-155-5p/ hsa-let-
7i-5p and at least one biomarker pair selected from the group consisting of hsa-miR-140-3p/hsa-
miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30¢c-Sp/hsa~-miR-7-5p, hsa~-miR-516b-5p/hsa-miR-486-5p, hsa~-miR-510b-5p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~miR-30c-5p/hsa-miR-~16-5p, hsa~-miR-516b-5p/hsa~-miR-423-5p, hsa-miR-30c-5p/hsa-
mik-30a-Sp, hsa-miR-5316b-Sp/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-
155-5p/hsa~-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-5p,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-niR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-nuR-0741-Sp/hsa~-miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-tet-7a-5p, hsa-miR-30c-Sp/hsa~-miR-27a-3p, hsa-riR-485-5Sp/hsa~-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-
345-Sp, hsa-miR-516b-Sp/hsa-let-71-5p, hsa-miR-485-5p/hsa-miR-183-Sp, hsa-miR-516b-
Sp/hsa-miR~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-~-4433b-Sp/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-
S16b-3p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-3p/hsa-miR-27a-3p, hsa-miR-99%a-
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Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-nuR-516b-Sp/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR~181a-Sp/hsa-mik-
485-Sp, hsa-miR-155-Sp/hsa-nuR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-Sp/hsa-
miR-485-5p, hsa-miR-485-5p/bsa-miR-~127-3p, hsa~-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa~-miR-S16b-5p/hsa-riR-744-5p, hsa~-miR-30¢-Sp/hsa-nuR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
i R-485-5p, hsa-muR-~155-Sp/hsa-miR-451a, hsa~-miR-30¢c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa~-miR-451a/hsa~-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-Sp/hsa~miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-nuR-330-5p/hisa-miR-92b-5p, hsa-miR-4443/hsa~-miR-485-Sp, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR~140-3p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378¢c/hsa-miR-
148a-5p, hsa-tet-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
S516b-5p/hsa-miR-451a.

f006154]  In some embodiments, a panel described herein comprises hsa-miR-516b-5p/hsa-let-
7b-5p and at least one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-
miR-30¢-5p, hsa-miR-1-3p, bsa-riR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b~5p, hsa~-miR-1273h-3p, hsa~-miR-18a-3p, hsa~-miR-4746-5p, hsa~-miR-27a-5p, hsa-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941

[06155] In some embodiments, a panel described herein comprises hsa-miR-516b-Sp/hsa-
miR-423-5p and at least one biomarker selected trom the group consisting of hsa-miR-516b-5p,

hsa-miR-30¢c-5p, hsa~-miR-1-3p, hsa~-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-

54



WO 2021/252574 PCT/US2021/036535

23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p,
hisa-nmiR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p,
hsa-miR-654-3p, hsa-miR-~7-5p, and hsa-niR-941.

[006156] In some embodiments, a panel described herein comprises hea-miR-155-5p/ haa-let-
7i-5p and at least one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-
miR-30¢-5p, hsa-miR-1-3p, bsa-riR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-
3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-
miR-4433b~5p, hsa~-miR-1273h-3p, hsa~-miR-18a-3p, hsa~-miR-4746-5p, hsa~-miR-27a-5p, hsa-
miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(0061571  In one aspect, the invention provides a panel of 1solated nucleic acid biomarkers
comprising a pair of biomarkers selected from the group counsisting of hsa-miR-140-3p/hsa-miR-
516b-5p, hsa-miR~155-5p/hsa-miR-025-3p, hsa-miR-30¢-3p/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-S16b-5p/hsa-tet-7b-5p, hsa-miR-
30¢-Sp/hsa~miR-7-5p, hsa~-miR-516b-5p/hsa-miR-486-5p, hsa~miR-516b-3p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-niR-516b-5p/hsa-let-7g-
5p, bsa~miR-30¢-Sp/hsa-miR-~16-5p, hsa~-miR-516b-Sp/hsa-miR~423-5p, hsa~-miR-30¢c-5p/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-mik-516b-5p, hsa-miR-
155-5p/hsa-miR-27b-3p, hsa-miR-30¢-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hsa-let-7d-Sp,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-1R-126-3p, hsa-miR-99b-3p/hsa-~
miR-486-3p, hsa-nuR-6741-Sp/hsa-miR-760, hsa-miR-20a-Sp/hsa-miR-485-5p, hsa-nuR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, haa-
miR-516b-5p/hsa-let-7a-Sp, hsa-miR-30¢-Sp/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p,
hsa~miR-516b-Sp/hsa~-miR-222-3p, hsa~-miR-23a-3p/hsa-miR-~30a-5p, hsa~-miR-433-3p/hsa-miR-
345-5p, hsa-miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-~183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hea-let-7i-Sp/hsa~-miR-485-5p, hsa~-miR-4433b-Sp/hsa-miR-516b-5p, hea-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-Sp/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
S16b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-303-3p/hsa-miR-485-5p, hsa-
miR-516b-Sp/hisa-miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-~7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa~-miR-328-3p, hsa-miR-181a-5p/hsa-miR-
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485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-nmiR-516b-
Sp/hsa-miR-25-3p, hsa~-miR-516b-5p/hsa-miR-148a-3p, haa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hisa-nmiR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c¢-5p/hsa-miR-186-
5p, bsa~miR-510b-5p/hsa-miR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-1iR-94 1, hsa-miR~45la/hsa-miR-485-5p, hsa-riR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-niR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
5p, bsa~miR-3605-5p/hsa-roiR-425-3p, bsa~miR-501-3p/hsa-miR-516b-5p, hsa-riR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-301-3p/hsa-nuR-485-5p, hsa-miR-30c¢-5p/hsa-miRk-
451a, hsa~-miR-21-5p/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-423-3p, hsa-miR-516b-~
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c¢-3p/hsa-let-7i-Sp, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa~miR-140-3p/bsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR~1252a-5p, hsa-miR-378¢c/hsa~-miR-
148a-5p, hsa-tet-7b-5Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa-nuR-451a

[00158]  In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p,
hisa~-nmiR-30¢-5p/hsa-miR-16-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p, hsa-miR-516b-Sp/hsa-miR-
92a-3p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-
Sp/hsa-let-7d-5p, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-nuR-27b-3p, hsa-
miR-30a-5p/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa~-miR-516b-Sp/hsa-miR-~222-
3p, hsa-miR-5106b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-4433b-5p/hsa-
miR-516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-516b-5p/hea-miR-328-3p, hsa-miR-
155-5p/hsa~-miR-30a-5p, hsa-miR-516b-5Sp/hsa~-miR-128-3p, hsa~-miR-516b-5p/hsa~-miR-744-5p,
hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-3605-5p/hsa-miR-
425-3p, hsa~-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-24-3p, and/or hsa-miR-
378¢/hsa-miR-148a-5p.
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[001591  In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers comprising hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-Sp/hsa-miR-625-3p,
hsa~-miR-30c-5p/hsa-miR-276-3p, hsa-miR-25-5p/hsa-miR-516b-5p, and/or hsa-miR-484/hsa-

miR-516b-5p.

(001601 In some embodiments, the biomarker panel comprises isolated nucleic acid
biomarkers cornprising hsa~-miR-140-3p/hsa-miR-316b-5p, bsa~-miR-155-5p/hsa-miR-625-3p,
hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-
S16b-3p, hsa-miR-516b-5p/hsa-let-7Th-5p, and/or bsa~-miR-30¢-Sp/hsa-miR-~7-5p.

[00161]  In some embodiments, the biomarker panel comprises 1solated nucleic acid
biomarkers comprising hsa-miR-~-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p,
hsa-miR-30c¢-Sp/hisa-miR-27b-3p, hsa-niR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-niR-
516b-5p, hsa-miR~516b-5p/hsa-let-7b-5p, haa-miR-30c-Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-

miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, and/or hsa-miR-485-Sp/hsa-miR-516b-5p.

1001621 in a further aspect, the invention provides a panel of 1solated nucleic acid
biomarkers comprising at least one of the nucleic acid biomarkers listed in Table 5. In additional
aspects, the invention provides a panel of isolated nucleic acid biomarkers comprising at least

one patr of the nucleic acid biomarkers listed in Table 5.

[00163] In some embodiments, a panel described herein comprises nucleic acid molecules
selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-
miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-
6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-
4446-3p.

[00164] in some embodiments, a panel described herein comprises hsa-miR-30¢-5p- In
some embodiments, a panel described herein comprises hsa-miR-6842-3p. In some
embodiments, a panel described herein comprises hsa-miR-485-5p. In some embodiments, a
panel described herein comprises bsa~-mR-331-3p. In some embodiments, a panel described
herein comprises hsa-miR-517a-3p-hsa-miR-517b-3p. In some embodiments, a panel described

herein comprises hsa-miR-516b-5p. In some embodiments, a panel described herein comprises
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hsa-miR-760. In some embodiments, a panel described herein comprises hsa-miR-6852-5p. In
some embodiments, a panel described herein comprises hsa-miR-1323. In some embodiments, a
panel described herein comprises hsa-miR-155-5p. In some emboduments, a panel described
herein comprises hsa-miR-6747-3p. In some embodiments, a panel described herein comprises

hsa-miR-~181d-5p. In some embodiments, a panel described herein comprises hsa-miR-4446-3p.

(001651 In some embodiments, a panel described heretn comprises hsa-miR-485-5p and at
feast one biomarker selected from the group consisting of hsa-miR-7-5p, hsa-miR-501-3p, hsa-

miR-363-3p, bsa~-roiR-182-5p, bsa~-miR-127-3p, hsa~miR-140-3p, hsa~-miR-26b-5p.

00166} In some embodiments, a panel described herein comprises hsa-miR-485-3p and at
feast one pair biomarker selected from the group consisting of hsa-miR-27b-3p, hsa-let-7i-5p,

hsa-miR-99a-5p, hsa-miR-409-3p.

00167 In some embodiments, a panel described herein comprises hsa-miR-485-5p and
o . 2 K K

two or more biomarkers selected from the group counsisting of the additional miRNAs in Table 5.

[00168] In one aspect, the invention provides a composition of labeled and/or anplified
nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to

two or more of the nucleic acid biomarkers listed in Tables 3, 4 or 5.

[00169]  In one aspect, the invention provides a composition of labeled and/or amplified
nucteic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to

two or more of the nucleic acid biomarkers listed in Table 3.

[00170]  In some embodiments, a composition described heretn comprises hsa-miR-516b-5p.
In some embodiments, a composition described herein comprises hsa-miR-30¢-5p. In some
embodiments, a composition described herein comprises hsa-miR-1-3p. In some embodiments, a
composition described heretn comprises hsa~muR-331-3p. To some embodiments, a coraposition
described herein comprises hsa-miR-485-5p. In some embodiments, a composition described
herein comprises hsa-miR-181d-5p. In some embodiments, a composition described herein
comprises hsa-miR-23a-3p. In some embodiments, a composition described herein comprises
hisa~-nmiR-378d. In some embodiments, a composition described herein comprises hsa-nuR-155-

Sp. In some embodiments, a composition described herein comprises hsa-miR-99b-3p. In some
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embodiments, a composition described herein comprises hsa-miR-1249-3p. In some
embodiments, a composition described herein comprises hsa-miR-142-3p. In some
embodiments, a composition described herein comprises hsa-miR-4433b-5p. In some
embodiments, a composition described herein comprises hsa-miR-1273h-3p. In some
embodiments, a composition described herein comprises hsa-miR-18a-3p. In some
embodiments, a composition described herein comprises hsa-miR-4746-5p. In some
embodiments, a composition described herein comprises hsa-miR-273-5p. In some
embodiments, a composition described herein comprises hsa-miR-054-3p. In some
embodiments, a composition described herein comprises bsa~-muR-7-5p. In some embodiments, a

composition described herein comprises hsa-miR-941,

[001711  In some embodiments, a composition described herein comprises hsa-miR-516b-5p
and at least one biomarker selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-
Sp, hsa-miR-~181d-5p, hsa-miR-23a-3p, hsa-miR-3784d, hsa-miR-~155-5p, hsa-miR-9%6-3p, hsa-
miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-
miR-4746-5p, hsa-muR-27a-3p, hsa-miR-~654-3p, hsa-miR-~7-5p, and hsa-miR-941.

[001721 o some embodiments, a coraposition described heretn comprises hsa-miR-30¢-5p
and at least one biomarker selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-
Sp, hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-~155-5p, hsa-miR-99b-3p, hsa-
miR-1249-3p, hsa-miR-142-3p, bsa-miR-4433b-5p, hsa-miR-~1273h-3p, hsa-miR-18a-3p, hsa-

miR-4746-5p, hsa-nuR-27a-5p, hsa-miR-0654-3p, hsa-miR-7-5p, and hsa-miR-941.

[00173]  In some embodiments, a composition described herein comprises hsa-miR-1-3p and
at least one biomarker selected from the group consisting of hsa~-miR-331-3p, hsa~-miR-485-5p,
hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-niR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-niR-
1249-3p, hsa-miR-142-3p, hsa~-miR-4433b-5p, hsa-miR-~-1273h-3p, hsa-miR-18a-3p, hsa-miR-
4746-5p, hsa-miR-27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

[00174] In some embodiments, a composition described herein comprises hsa-miR-516b-5p
and at least one pair of biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-
miR-516b-5p, hsa-miR-155-5p/hsa~-miR-625-3p, hsa-miR-30¢-5p/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-S16b-5p/hsa-tet-7b-5p, hsa-miR-
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30c-Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p,
hsa~-nmiR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-Sp, hsa-miR-516b-Sp/hsa-let-Tg-
Sp, hsa-miR-30¢c-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-01R-423-5p, hsa-miR-30c-Sp/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-Sp/hsa-niR-516b-5p, hsa-miR-
155-5p/hsa~-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, bsa-iR-6741-5p/hsa-miR-760, hsa~-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-Sp/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-
miR-516b-Sp/hsa-let-7a~-5p, hsa~-miR-30¢-Sp/hsa-miR-27a-3p, hsa~-miR-485-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa~-miR-30a-5p, hsa-miR~-433-3p/hsa-miR-
345-5p, hsa~-miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hsa-nuiR-191-5p, hsa-miR-516b-Sp/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
516b-5p, hsa-miR-516b-Sp/hsa~-miR-10b-5p, hsa-miR-485-Sp/hsa-miR-27a-3p, bsa-miR-9%-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-0852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-Sp/hsa-let-7i-3p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa-miR-
485-Sp, hsa-miR-155-Sp/hsa-nuR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-Sp/hsa-
miR-485-5p, hsa-miR-485-5p/bsa-miR-~127-3p, hsa~-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-nuR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa-miR-320a, hsa~-miR-510b-5p/hsa-miR-744-5p, hsa~-miR-30c-Sp/hsa-miR-~186-
Sp, hsa~-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-niR-127-3p/hsa-
i R-485-5p, hsa-muR-~155-Sp/hsa-miR-451a, hsa~-miR-30¢c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-riR-516b-5p/hsa-miR-1307-3p, hsa-mR-516b-5p/hsa-tnR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-5p/hsa~-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-~146b-5p, hsa-miR-330-5p/bsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
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hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-nmiR-140-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-~125a-5p, hsa-miR-378¢/hsa-nuR-
148a-5p, hsa-tet-7b-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa-nuR-451a

[00175]  In some embodiments, a composition described heretn comprises hsa-miR-30¢-5p
and at least one pair of biomarkers selected from the group consisting of hsa~-miR-140-3p/hsa-
miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-5106b-5p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~miR-30c-5p/hsa-miR-~16-5p, hsa~-miR-516b-5p/hsa~-miR-423-5p, hsa-miR-30c-5p/hsa-
mik-30a-Sp, hsa-miR-5316b-Sp/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-
155-5p/hsa~-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-5p,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-niR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-nuR-0741-Sp/hsa~-miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-tet-7a-5p, hsa-miR-30c-Sp/hsa~-miR-27a-3p, hsa-riR-485-5Sp/hsa~-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-
345-Sp, hsa-miR-516b-Sp/hsa-let-71-5p, hsa-miR-485-5p/hsa-miR-183-Sp, hsa-miR-516b-
Sp/hsa-miR~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-~-4433b-Sp/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-Sp/hisa~miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-3p/hea-miR-30a-5p, hsa-miR-155-Sp/hsa-let-7i-5p, hsa-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-~127-3p, hea-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-

iR-485-5p, bsa~-miR-155-5p/hsa-miR-~-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-Sp, hsa~-miR-4732-
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3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-5p/hsa~-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-nuR-330-5p/hisa-miR-92b-5p, hsa-miR-4443/hsa~-miR-485-Sp, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-~146b-5p/hsa-miR-485-5p, hsa-miR-~760/bsa-miR-378g, hsa-riR-3615/hsa~-miR-485-5p,
hsa-miR~140-3p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378¢c/hsa-miR-
148a-5p, hsa-tet-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
S516b-5p/hsa-miR-451a.

[06176] In some embodiments, a composition described herein comprises hsa-miR-1-3p and
at least one pair of biomarkers selected from the group consisting of hsa-miR-~140-3p/hsa-miR-
516b-5p, hsa-miR-155-Sp/hsa-nuR-025-3p, hsa-miR-30¢-3p/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30¢-Sp/hsa~miR-7-5p, hsa~-miR-516b-5p/hsa-miR-486-5p, hsa~miR-516b-3p/hsa-miR-150-5p,
hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-~-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~-miR-30¢-Sp/hsa-miR-16-5p, hsa-muR-516b-Sp/hsa-miR-423-5p, hsa-niR-30¢-5p/hsa-
miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa~-miR-516b-5p, hsa-miR-
155-5p/hsa-miR-27b-3p, hsa-miR-30¢-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hsa-let-7d-Sp,
hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-1R-126-3p, hsa-miR-99b-3p/hsa-~
miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5Sp/hsa-miR-151a-3p, hsa~-miR-30a~-5p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-let-7a-5p, hsa-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p,
hsa~miR-516b-Sp/hsa~-miR-222-3p, hsa~-miR-23a-3p/hsa-miR-~30a-5p, hsa~-miR-433-3p/hsa-miR-
345-5p, bsa-miR-510b-5p/hsa-let-7f-5p, hsa~-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-7i-Sp/hsa-niR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa~-miR-191-5p, hsa-miR-516b-5p/hsa~-miR-36135, hsa-miR-100-5p/hsa-miR-~
S16b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-
Sp/hsa-miR-485-5p, hsa-miR-~-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
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miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa~-nmiR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa~-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-Sp, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-~-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
Sp, hsa-miR-~516b-5Sp/hsa-nuR-029-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-mR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-Sp/hsa-miR-941, hsa~-miR-451a/hsa~-miR-485-5p, hsa-nmiR-
374b-5p/hsa~-miR-885-3p, hsa~-miR-516b-5p/hsa~miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-5p/hsa~-miR-485-5p, hsa~-miR-30c-5p/hsa-miR-993-5p, hsa-
miR-516b-Sp/hsa-nmuiR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-nuR-
451a, bsa~-miR-21-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-miR~423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c-Sp/hsa-let-7i-5p, hsa~miR-516b-Sp/hsa-miR-425-5p, hsa~miR-516b-Sp/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a-5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-146a-5p, and hsa-miR-~
S16b-5p/hsa-miR-451a.

1001771 In one aspect, the invention provides a composition of labeled and/or amplitied
nucteic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
two or more nucleic acid biomarkers selected from the group consisting of hsa-miR-516b-5p,
hea-miR-30¢-5p, hsa~-miR-1-3p, hsa~-miR-331-3p, hsa~-miR-485-5p, hsa-nmuR-181d-5p, hsa-miR-
23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p,
hsa~miR-4433b-5p, hsa-miR-~1273h-3p, bsa-roiR-18a-3p, hsa-iR~-4746-5p, hsa-miR-27a-5p,

hsa-miR-654-3p, hsa-miR-~7-5p, and hsa-niR-941.

[06178] In some embodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that

correspond to nucleic acid biomarkers hsa-miR-~1-3p, hsa-miR-~181d-5p, hsa-miR-378d, hsa-
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miR-4433b-5p, and/or hsa-miR-27a-5p. In some embodiments, the invention provides a
composition of labeled and/or amplified nucleic acid molecules, for example, amplified labeled
nucleic acid molecules, that correspond to nucleic acid biomarkers hsa-miR-516b-5p and/or hsa-
miR-30¢c-5p. In some embodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that
correspond to nucleic acid biomarkers hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, and/or
hsa~miR-331-3p. In some embodiments, the invention provides a composition of labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, that
correspond to nucleic acid biomarkers hsa-miR-~-516b-5p, bsa-miR-30¢-5p, hsa-miR-~1-3p, hsa-

miR-331-3p, hsa-miR-48&5-5p, and/or hsa-miR-181d-5p.

[001791  In one aspect, the tnvention provides a composttion of labeled and/or amplified
nucleic acid molecules that correspond to a pair of biomarkers selected from the group consisting

of the biomarker pairs listed 1n Table 4.

[00180]  In some embodiments, a composition described herein comprises hsa~-miR-140-
3p/hsa-miR-516b-5p. In some embodiments, a composition described herein comprises hsa-miR-
155-Sp/hisa~miR-025-3p. In some embodiments, a composition described herein comprises hsa-
miR-30c-Sp/hsa-miR-27b-3p. In some embodiments, a composition described herein comprises
hsa~-nmiR-25-5p/hsa-miR-516b-5p. In some embodiments, a composition described herein
comprises hsa-miR-484/hsa-miR-516b-5p. In some embodiments, a composition described
herein comprises hsa-miR-516b-5p/hsa-let-7b-5p. In some embodiments, a composition
described herein comprises hsa~-miR-30¢-5p/hsa-miR-7-5p. In some embodiments, a composition
described herein comprises hsa-miR-316b-5p/hsa-miR-486-5p. In some embodiments, a
composition described herein corprises hsa~muR-516b-Sp/hsa~-miR-150-5p. In some
embodiments, a composition described herein comprises hsa-miR-485-5p/hsa-miR-516b-5p. In
some embodiments, a composition described herein comprises hsa-iR-7-Sp/hsa~-miR-485-5p. In
some embodiments, a composition described herein comprises hsa-miR-516b-5p/hsa-let-7g-5p.
In some embodiments, a composition described herein comprises hsa-miR-30¢-Sp/hsa-miR-16-
Sp. In some embodiments, a composition described herein comprises hsa-miR-516b-5p/hsa-miR-
423-Sp. In some embodiments, a composition described herein comprises hsa-nmiR-30¢-5p/hsa-

miR-30a-5p. In some embodiments, a composition described herein comprises hsa-miR-516b-
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Sp/hsa-miR-92a-3p. In some embodiments, a composition described herein comprises hsa-miR-
186-5p/hsa-miR-316b-5p. In some embodiments, a composition described herein comprises hsa-
miR-155-5p/hsa-miR-276-3p. In some embodiments, a composition described herein comprises
hsa-miR-30¢e-Sp/hsa~-miR-516b-5p. In some embodiments, a composition described herein
comprises hsa-miR-516b-5p/hsa-let-7d-5p. In some embodiments, a composition described
herein comprises hsa-niR-516b-5p/hsa-miR-103a-3p. In some embodiments, a composition
described herein comprises hsa-miR-~-516b-5p/hsa-iR-126-3p. In some embodiments, a
composition described herein comprises hsa-miR-99b-3p/hsa-miR-486-3p. In some
embodiments, a composition described herein comprises hsa~-miR-6741-5p/hsa-miR-760. In
some embodiments, a composition described herein comprises hsa-miR-20a-5p/hsa-miR-485-5p.
In some embodiments, a composition described herein comprises hsa-miR-23a-3p/hsa-miR-27b-
3p. In some embodiments, a composition described herein comprises hsa-miR-516b-5p/hsa-miR-
151a-3p. In some embodiments, a composition described herein comprises hsa-miR-30a-Sp/hsa-
miR-485-5p. In some embodiments, a composition described herein comprises hsa-miR-516b-
Sp/hsa-let-7Ta-5p. In some embodiments, a composition described herein comprises hsa-miR-30¢-
Sp/hsa-miR-273-3p. In some embodiments, a composition described herein comprises hsa-niR-
485-5p/hsa-niR-7-5p. In some embodiments, a composition described herein comprises hsa-
miR-516b-Sp/hisa-nuR-222-3p. In some embodiments, a composition described hergin comprises
hsa-miR-~23a-3p/hsa~miR-30a-5p. In some embodiments, a composition described herein
comprises hsa-miR-433-3p/hsa-miR-345-5p. In some embodiments, a composition described
herein comprises hsa-miR-516b-5p/hsa-let-71-5p. In some embodiments, a composition
described herein comprises hsa-miR-485-5p/hsa-miR-183-5p. In some ermnbodiments, a
composition described herein comprises hsa-miR-516b-5p/hsa-miR-~185-5p. In some
embodiments, a composition described herein comprises hsa-let-7i-5p/hsa-miR-485-5p. In some
embodiments, a composition described herein comprises hsa-miR-4433b-Sp/hsa~-miR-516b-Sp.
in some embodiments, a composition described herein comprises hsa-miR-516b-5p/hsa-miR-
191-Sp. In some embodiments, a composition described herein comprises hsa-nuR-516b-Sp/hsa-
miR-3615. In some embodiments, a composition described herein comprises hsa-miR~100-
Sp/hsa-miR-516b-5p. In some embodiments, a composition described herein corprises hsa-miR-
516b-5p/hsa-miR-10b-5p. In some embodiments, a composition described herein comprises hsa-

miR-485-5p/hsa-miR-27a-3p. In some embodiments, a composition described herein comprises
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hsa-miR-99a-5p/hsa-miR-485-5p. In some embodiments, a composition described herein
comprises hsa-miR-9%h-3p/hsa-miR-6852-5p. In sorme ernbodiments, a composition described
herein comprises hsa-miR-363-3p/hsa-miR-485-5p. In some embodiments, a composition
described herein comprises hsa-miR-516b-Sp/hsa-miR-484. In some embodiments, a
composition described herein comprises hsa-miR-516b-5p/hsa-let-7i-Sp. In some embodiments,
a composition described herein comprises hsa-miR-23a-3p/hsa-miR-181a-5p. In some
embodiments, a coroposition described herein coruprises hsa-miR-7-5p/hsa-miR-516b-5p. In
some embaodiments, a composition described herein comprises hsa-miR-516b-5p/hsa-miR-328-
3p. In some erobodiments, a composition described herein comprises hsa-miR-181a-Sp/hsa~miR-
485-5p. In some embodiments, a composition described herein comprises hsa-miR-155-5p/hsa-
mik-30a-Sp. In some embodiments, a composition described herein cormprises hsa-miR-155-
Sp/hsa-let-7i-5p. In some embodiments, a composition described herein comprises hsa-miR-98-
Sp/hsa-miR-485-5p. In some embodiments, a composition described herein comprises hsa-miR-
485-Sp/hsa~-miR-127-3p. In some embodiments, a composition described herein comprises hsa-
miR-320b/hsa-miR-485-5p. In some embodiments, a composition described herein comprises
hsa~miR-S16b-5p/hsa~-miR-25-3p. In some ervbodiments, a composition described herein
comprises hsa-miR-516b-5p/hsa-miR-148a-3p. In some embodiments, a composition described
herein comprises hsa-miR-516b-5p/hsa-miR-~-128-3p. In some embodiments, a composition
described herein comprises hsa~-miR-516b-5p/hsa-miR-320a. In some embodiments, a
composition described herein comprises hsa-nuR-516b-Sp/hsa-miR-744-5p. In some
embodiments, a composition described herein comprises hsa-miR-30¢-5p/hsa-miR-186-5p. In
some embodiments, a composition described herein comprises hsa-miR-516b-Sp/hsa-miR-629-
5p. In some embodirents, a composition described herein comprises hsa-miR~23a-3p/hsa-miR-
93-5p. In some embodiments, a composition described herein comprises hsa-miR-127-3p/hsa-
miR-485-5p. In some embodiments, a composition described herein comprises hsa-miR-155-
Sp/hsa-miR-451a. In some embodiments, a composition described herein comprises hsa-miR-
30¢c-5p/hsa-miR-26b-5p. In some embodiments, a composition described herein comprises hsa-
miR-4732-3p/hsa~-miR-516b-5p. In some embodiments, a composition described herein
comprises hsa-miR-7-5p/hsa-miR-941. In some embodiments, a composition described herein
comprises hsa-miR-451a/hsa-miR-485-5p. In some embodiments, a composition described

herein comprises hsa-miR-374b-5p/hsa-miR-885-3p. In some embodiments, a composition
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described herein comprises hsa-miR-516b-5p/hsa-miR-1307-3p. In some embodiments, a
composition described herein comprises hsa-nuR-516b-Sp/hsa-miR-30d-5p. In some
embodiments, a composition described herein comprises hsa-miR-3605-5p/hsa-miR-425-3p. In
some embodiments, a composition described herein comprises hsa-miR-501-3p/hsa-miR-516b-
5p. In some embodiments, a composttion described herein comprises hsa-miR~125b-3p/hsa-miR-
485-5p. In some embodiments, a composition described herein comprises hsa-miR-26b-5p/hsa-
miR~-435-5p. In some embodiments, a composition described herein comprises hsa-miR-30c¢-
Sp/hsa-miR-99a-5p. In some embodiments, a composition described herein comprises hsa-miR-
516b-Sp/hsa~miR-127-3p. In some embodiments, a composition described herein comprises hsa-
miR-501-3p/hsa-miR-485-5p. In some embodiments, a composition described herein comprises
hisa~-nmiR-30c-5Sp/hsa-miR-451a. In some embodiments, a composition described herein
comprises hsa-miR-21-5p/hsa-miR-485-5p. In some embodiments, a composition described
herein comprises hsa-miR-516b-5p/hsa-miR-423-3p. In some embodiments, a composition
described herein coroprises hsa-miR-516b-Sp/hsa-miR-146b-5p. In some embodiments, a
composition described herein comprises hsa-miR-330-5p/hsa-miR-92b-5p. In some
embodiments, a coroposition described herein comprises hsa-miR-4443/hsa-miR-485-5p. In
some embaodiments, a composition described herein comprises hsa-miR-30¢-5p/hsa-let-7i-5p. In
some embodiments, a composition described herein comprises hsa-miR-516b-Sp/hsa-miR-425-
5p. In some embodiments, a composttion described herein comprises hsa-miR-~516b-3p/hsa-miR-
24-3p. In some embodiments, a composition described herein comprises hsa-miR-146b-Sp/hsa-
miR-485-5p. In some embodiments, a composition described herein comprises hsa-miR-760/hsa-
miR-378g. In some embodiments, a composition described herein comprises hsa-miR-3615/hsa-
miR-485-5p. In some embodiments, a composition described herein comprises hsa-miR-140-
3p/hsa-miR-485-5p. In some embodiments, a compesition described herein comprises hsa-miR-
30¢-Sp/hsa~-miR-125a-5p. In some ernbodiments, a composition described herein comprises hsa-
miR-378¢/hsa-miR-148a-5p. In some embodiments, a composition described herein comprises
hsa-let-7h-5p/hsa-miR-485-5p. In some embodiments, a composition described herein comprises
hsa-miR-~-516b-5p/hsa-miR-~146a-5p. In some embodiments, a composition described herein

comprises hsa-miR-516b-5p/hsa-miR-451a.

[00181]1  In some embodiments, a composition described herein comprises hsa-miR-140-

3p/hsa-miR-516b-5p and at least one biomarker pair selected from the group consisting of hsa-
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miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p,
hsa~-nmiR-30¢-5p/hsa-miR-7-5p, hsa-miR-516b-Sp/hisa-nmiR-486-5p, hsa-nuR-516b-Sp/hisa-nuR-
150-5p, bsa~-miR-485-5p/hsa-miR-516b-5p, haa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-let-7g-5p, hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-
30e-5p/hsa-miR-30a-Sp, hsa-miR-516b-5p/hsa~-miR-92a-3p, hsa~-miR-186-5p/hsa-miR-516b-5p,
hsa-miR-155-5p/hsa-miR-276-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa-miR-S16b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa~-miR-126-3p, hsa-miR-99b-
3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-mik-
23a~3p/hsa-miR~-27b-3p, hsa-mR-516b-5p/hsa-miR-~-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p,
hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-30c-5p/hsa~-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-
Sp, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-Sp, hsa-miR-433-3p/hsa-
miR-345-5p, hsa~-miR-516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-7i-Sp/hsa-niR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hisa~-miR-191-5p, hsa~-miR-516b-Sp/hsa~miR-36135, bsa-miR-100-5p/hsa-mmiR-~
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-~-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hisa-nuR-328-3p, hsa-niR-181a-5p/hsa-miR-
485-5p, hsa~-miR-155-5p/hsa~miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5Sp/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa~miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-nmiR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c¢-5p/hsa-miR-186-
5p, bsa~miR-S16b-5p/bsa-riR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa~-miR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-1iR-94 1, hsa-miR~45la/hsa-miR-485-5p, hsa-riR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-niR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-301-3p/hsa-nuR-485-5p, hsa-miR-30c¢-5p/hsa-miRk-
451a, hsa~-miR-21-5p/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-423-3p, hsa-miR-516b-~
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
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miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hisa~-nmiR-146b-Sp/hsa~-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa~-miR-30c-Sp/hsa-miR-125a-5p, hsa-miR-378c/hsa~-miR-~
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

[001821 o some embodiments, a coruposition described herein comprises hsa-miR-1355-
Sp/hsa-miR-625-3p and at least one biomarker pair selected from the group consisting of hsa-
miR-25-5p/hsa-nuR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-lei-7b-5p,
hsa-miR-30c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-
150-Sp, hsa-miR-485-Sp/hsa-nmiR-516b-3p, hsa-nuR-7-5p/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-let-7g-5p, hsa~-miR-30c-5p/hsa-miR-~16-5p, hsa-miR-516b-5Sp/hsa-miR-423-5p, hsa-miR-
30¢-Sp/hsa-nuR-30a-5p, hsa-miR-516b-5p/hsa-mik-92a-3p, hsa-miR-186-Sp/hsa-nmiR-516b-3p,
hsa-miR-155-5p/hsa-miR-27b-3p, haa-miR-30e-Sp/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-
7d-5p, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-
3p/hsa-miR-486-3p, hsa-miR-6741-3p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR~-485-5p, hsa-miR-
23a-3p/hsa-miR-27b-3p, hsa-miR-516b-5Sp/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p,
hsa~miR-516b-Sp/hsa-let-7a-5p, hsa~-miR-30¢-5p/hsa-miR-27a-3p, hsa~-miR~485-5p/hsa-mR-7-
Sp, hsa-miR-~-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-~433-3p/hsa-
miR-345-5p, hsa-muR-516b-Sp/hsa-let-7f-Sp, hsa-miR-485-Sp/hsa-niR-183-5p, hsa-nuR-516b-
Sp/hsa-miR~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-~-4433b-Sp/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-Sp/hisa~miR-484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-3p/hea-miR-30a-5p, hsa-miR-155-Sp/hsa-let-7i-5p, hsa-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-~127-3p, hea-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-

iR-485-5p, bsa~-miR-155-5p/hsa-miR-~-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-Sp, hsa~-miR-4732-
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3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-5p/hsa~-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-nuR-330-5p/hisa-miR-92b-5p, hsa-miR-4443/hsa~-miR-485-Sp, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-~146b-5p/hsa-miR-485-5p, hsa-miR-~760/bsa-miR-378g, hsa-riR-3615/hsa~-miR-485-5p,
hsa-miR~140-3p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378¢c/hsa-miR-
148a-5p, hsa-tet-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
S516b-5p/hsa-miR-451a.

[00183]  In some embodiments, a composition described herein comprises hsa-miR-30¢-
S5p/hsa-miR-27b-3p and at least one biomarker pair selected from the group consisting of hsa-
iR-25-5p/hsa-roiR-516b-5p, hsa-miR-484/hsa~-nuR-516b-Sp, hsa-miR-316b-Sp/hsa-let-Tb-5Sp,
hsa-miR-30¢c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-Sp/hsa-miR-
150-5p, bsa~miR-485-5p/hsa-miR-516b-5p, hsa-iR-7-5p/hsa-miR~485-5p, hsa~-miR-516b-
Sp/hsa-let-7g-Sp, hsa-miR-30c-5p/hsa~-miR-16-5p, hsa-miR-516b-5p/hsa-miR~423-5p, hsa-miR-
30¢c-5p/hsa-miRk-30a-Sp, hsa-miR-516b-Sp/hsa-miR-92a-3p, hsa-nuiR-186-5p/hsa-miR-516b-5p,
hsa-miR-~155-5p/hsa~-miR-276-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa-miR-510b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-
3p/hsa-miR-486-3p, hsa-miR-0741-5p/hsa~miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa~-miR-
23a-3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p,
hea-miR-516b-5p/hsa-tet-7a-Sp, hsa-miR-30¢-Sp/hsa~miR-27a-3p, hsa-miR-485-5Sp/hsa-miR-7-
5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-
miR-345-5p, bsa~-miR-516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hsa-nuiR-191-5p, hsa-miR-516b-Sp/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
516b-5p, hsa-miR~516b-5p/hsa~-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-Sp/hsa-let-7i-3p, hsa-miR-23a-3p/hsa-miR-181a-5p,
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hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-mik-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-nuR-155-Sp/hsa-let-7i-5p, hsa-nuR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-~127-3p, hea-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-5p/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
iR-485-5p, bsa~-miR-155-5p/hsa-miR-~-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-Sp, hsa~-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-
374b-Sp/hsa~-miR-885-3p, hsa~-miR-516b-Sp/hsa~-miR-1307-3p, hsa-miR-~516b-Sp/hsa-miR-30d-
5p, bsa~miR-3605-5p/hsa-miR-425-3p, hsa~-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-~127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, bsa-riR-330-5p/hsa-miR-92b-5p, hsa-iR~-4443/hsa~-miR-485-5p, hsa-
miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa~miR-146b-Sp/hsa~-miR-485-5p, hsa~-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-mR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378c/hsa-miR-
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

[001841  In some embodiments, a composition described herein comprises hsa-miR-~140-
3p/hsa-miR-516b-5p and at least one biomarker selected trom the group consisting of hsa-miR-
516b-5p, hsa-miR-30c¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p,
hsa-miR-23a-3p, hsa-miR-378d, hsa-nuiR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-
142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa~muR-18a-3p, hsa-miR-4746-5p, hsa-miR-
27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(001851  In some embodiments, a composition described herein comprises hsa-miR-155-
Sp/hsa-miR-025-3p and at least one biomarker selected from the group consisting of hsa-miR-
516b-5p, hsa-miR-30c¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p,

hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-muR-1249-3p, hsa-miR-
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142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-
27a-5p, hsa-miR-654-3p, hsa-miR-7-Sp, and hsa-miR-941.

(001861  In some embodiments, a composition described herein comprises hsa-miR-30¢-
Sp/hsa-miR-27b-3p and at least one biomarker selected from the group consisting of hsa-miR-~
516b-Sp, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-Sp,
hsa-miR-~23a-3p, hsa~-miR-3784d, hsa~-miR-155-5p, hsa~-miR-99b-3p, hsa-miR-~-1249-3p, hsa-miR-
142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-

27a-5p, hsa-miR~654-3p, hsa-miR-~7-5p, and hsa~-miR-941

(00187}  In some embodiments, a composition described herein comprises hsa-miR-516b-

Sp/hsa-let-7b-Sp, hsa-miR-516b-5p/hsa-miR-423-5p and hsa-miR-~155-5p/ hsa-fet-7i-5p.

[00188]  In some embodiments, a composition described herein comprises hsa-miR-516b-
Sp/hsa-let-Th-5p and at least one biomarker pair selected from the group consisting of hsa-miR-
140-3p/hsa~-miR-516b-5p, hsa~-miR-155-5p/hsa~-miR-625-3p, hsa~-miR-30¢-Sp/hsa-miR-276-3p,
hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-Th-
Sp, hsa-miR-~30¢-5p/hsa~-rmaR-7-5p, hsa-miR-516b-5p/hsa-miR~-486-5p, hsa~-miR-516b-Sp/hsa-
miR-150-5p, hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-mik-516b-
Sp/hsa-let-7g-5p, hsa~-miR-30¢-Sp/hsa-miR-~-16-5p, hsa~-miR-516b-Sp/hsa-miR-~423-5p, hsa-miR-
30e-5p/hsa-miR-30a-Sp, hsa-miR-516b-5p/hsa~-miR-92a-3p, hsa~-miR-186-5p/hsa-miR-516b-5p,
hsa~-nmiR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-
7d-5p, hsa-miR-516b-5p/hsa-miR~-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-
3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-nuR-20a-5p/hsa-miR-485-5p, hsa-mik-
23a-3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR~151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p,
hsa-miR-516b-5p/hsa-let-7a-5p, hsa-nuiR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-
Sp, hsa-miR-~-516b-Sp/hsa-miR-222-3p, hsa~-miR-~23a-3p/hsa~-miR-30a-Sp, hsa-miR-433-3p/hsa-
miR-345-5p, hsa-miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-nmiR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hea-let-7i-Sp/hsa~-miR-485-5p, hsa~-miR-4433b-Sp/hsa-miR-516b-5p, hea-
miR-516b-5p/hsa~-miR-191-5p, hsa-miR-516b-5p/hsa~-miR-36135, hsa-miR-100-5p/hsa-miR-~
S16b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-303-3p/hsa-miR-485-5p, hsa-
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miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa~-nmiR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-
485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa~-miR-98-5p/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-Sp, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-~-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢c-5p/hsa-miR-186-
Sp, hsa-miR-~516b-5Sp/hsa-nuR-029-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-mR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-Sp/hsa-miR-941, hsa~-miR-451a/hsa~-miR-485-5p, hsa-nmiR-
374b-5p/hsa~-miR-885-3p, hsa~-miR-516b-5p/hsa~miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-5p/hsa~-miR-485-5p, hsa~-miR-30c-5p/hsa-miR-993-5p, hsa-
miR-516b-Sp/hsa-nmuiR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-nuR-
451a, bsa~-miR-21-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-miR~423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30c-Sp/hsa-let-7i-5p, hsa~miR-516b-Sp/hsa-miR-425-5p, hsa~miR-516b-Sp/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a-5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-146a-5p, and hsa-miR-~
S16b-5p/hsa-miR-451a.

[001891  In some embodiments, a composition described herein comprises hsa-miR-S1ab-
Sp/hsa-miR-423-5p and at least one biomarker pair selected from the group consisting of hsa-
miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-
3p, bsa~-miR-25-5p/hsa-iR-516b-5p, hsa-rmiR-484/hsa-muR-516b-5p, hsa-miR-516b-Sp/hsa-let-
7b-5p, hsa-miR-30¢-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-
Sp/hsa-miR-150-5p, hsa-miR-~485-Sp/hsa-miR-5S16b-3p, hsa-miR-7-5p/hsa-miR~485-5p, hsa-
miR-516b-5p/hsa-let-7g-5p, hsa-miR-30c-Sp/hsa-miR-16-5p, hsa-miR-~-516b-5Sp/hsa-miR-423-5p,
hsa-miR-30c¢-Sp/hsa~-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-
516b-5p, hsa-miR~155-Sp/hsa-miR-27b-3p, hsa-miR-30e-3p/hsa-miR-516b-5p, hsa-miR-516b-
Sp/hisa-let-7d-Sp, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-Sp/hisa-nmiR-126-3p, hsa-
miR-99b-3p/hsa~-miR-486-3p, hsa-miR-6741-Sp/hsa~-miR-760, hsa~-miR-20a-5p/hsa-miR-~485-5p,
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hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-
miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-30¢-Sp/hsa-miR-27a-3p, hsa-miR-485-
Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa~-miR-30a-5p, hsa-
miR-433-3p/hsa-miR-345-5p, hsa-miR-516b-5p/hsa-let-7E-5p, hsa-miR-485-Sp/hsa-miR-183-5p,
hsa-miR-516b-5p/hsa-miR-~185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-Sp/hsa-mik-
516b-5p, hsa-niR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-
Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hsa~-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-
miR-99%a-5p/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-
5p, bsa~miR-S16b-5p/hsa-roiR-484, hsa-miR-316b-Sp/hsa-let-T1-5Sp, hsa~-miR-23a-3p/hsa-miR-
181a-5p, hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-
Sp/hsa-miR-485-5p, hsa-miR-155-5p/hsa-miR-30a-Sp, hsa-miR-155-5p/hsa-tet-7i-Sp, hsa-miR-
98-5p/hsa~-miR-485-5p, hsa-miR~485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-
miR-516b-Sp/hisa-nuR-25-3p, hsa-miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-
128-3p, hsa-miR-316b-Sp/hsa~-miR-320a, hsa-miR-S16b-5p/hsa-miR-744-5p, hsa-miR-30c¢-
Sp/hsa-miR-186-5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-
miR-127-3p/hsa~-miR-485-5p, hsa-miR-~-155-Sp/hsa-muR-~451a, hsa-miR-30c-Sp/hsa~miR-26b-5p,
hsa-miR-4732-3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-
5p, hsa~-miR-374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-
Sp/hsa-miR-30d-5p, hsa-miR-3605-5p/hsa-miR~-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-
miR-125b-5p/hsa-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-Sp, hsa-miR-30¢-5p/hsa-miR-99a-
Sp, hsa-miR-516b-5p/hsa-miR-~127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30¢c-5p/hsa-
miR-451a, hsa-miR-21-Sp/hsa-nuR-485-5p, hsa-miR-5316b-Sp/hsa-nuR-423-3p, hsa-nuR-516b-
Sp/hsa-miR-146b-5p, bsa-roiR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa~muR-485-5p, hsa-
miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa~miR-146b-Sp/hsa~-miR-485-5p, hsa~-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-mR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378c/hsa-miR-
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

[00190]  In some embodiments, a composition described herein comprises hsa-miR-~155-5p/
hsa-let-7i-5p and at least one biomarker pair selected from the group consisting of hsa-miR-140-

3p/hsa-miR-516b-5p, hsa-miR-~135-5p/bhsa-miR-625-3p, hsa-miR-30¢-5p/hsa-miR-27b-3p, hsa-
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miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p,
hsa~-nmiR-30¢-5p/hsa-miR-7-5p, hsa-miR-516b-Sp/hisa-nmiR-486-5p, hsa-nuR-516b-Sp/hisa-nuR-
150-5p, bsa~-miR-485-5p/hsa-miR-516b-5p, haa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-let-7g-5p, hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-
30e-5p/hsa-miR-30a-Sp, hsa-miR-516b-5p/hsa~-miR-92a-3p, hsa~-miR-186-5p/hsa-miR-516b-5p,
hsa-miR-155-5p/hsa-miR-276-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa-miR-S16b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa~-miR-126-3p, hsa-miR-99b-
3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-mik-
23a~3p/hsa-miR~-27b-3p, hsa-mR-516b-5p/hsa-miR-~-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p,
hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-30c-5p/hsa~-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-
Sp, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-Sp, hsa-miR-433-3p/hsa-
miR-345-5p, hsa~-miR-516b-5p/hsa-let-7-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-7i-Sp/hsa-niR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hisa~-miR-191-5p, hsa~-miR-516b-Sp/hsa~miR-36135, bsa-miR-100-5p/hsa-mmiR-~
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
Sp/hsa-miR-485-5p, hsa-miR-~-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-miR-516b-5p/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-5p,
hsa-miR-7-Sp/hsa-miR-516b-5p, hsa-nuR-516b-Sp/hisa-nuR-328-3p, hsa-niR-181a-5p/hsa-miR-
485-5p, hsa~-miR-155-5p/hsa~miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5Sp/hsa-
miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa~miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-nmiR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c¢-5p/hsa-miR-186-
5p, bsa~miR-S16b-5p/bsa-riR-629-5p, hsa~-miR-23a-3p/hsa-miR-93-5p, hsa~-miR-127-3p/hsa-
miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-1iR-94 1, hsa-miR~45la/hsa-miR-485-5p, hsa-riR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-niR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa~-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR~485-5p, hsa-miR-26b-5p/hsa-miR-~-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-5p, hsa-
miR-516b-5p/hsa-miR-127-3p, hsa-miR-301-3p/hsa-nuR-485-5p, hsa-miR-30c¢-5p/hsa-miRk-
451a, hsa~-miR-21-5p/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-423-3p, hsa-miR-516b-~
Sp/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
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miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hisa~-nmiR-146b-Sp/hsa~-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa~-miR-30c-Sp/hsa-miR-125a-5p, hsa-miR-378c/hsa~-miR-~
148a-5p, hsa-tet-Tb-Sp/hsa-miR-485-5p, hsa-nuR-516b-Sp/hisa-miR-146a-5p, and hsa-miR-
516b-Sp/hsa~-miR-451a.

[00191] o some embodiments, a coruposition described herein comprises hsa-miR-516b-
Sp/hsa-let-7b-5p and at feast one biomarker selected from the group consisting of hsa-miR-516b-
Sp, hsa-miR-~30¢-5p, hsa~-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa~-nuR-181d-Sp, hsa-
miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-
3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-Sp, hsa-miR-27a-5p,
hsa-miR-~-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(001921 In some embodiments, a composition described herein comprises hsa-miR-516b-
Sp/hsa-miR-423-5p and at least one biomarker selected from the group consisting of hsa-miR-
S16b-5p, hsa-miR-30¢-5p, bsa~-mR-1-3p, hsa-miR-331-3p, hsa-riR-485-5p, hsa~-miR-181d-5p,
hsa-miR-23a-3p, hsa-miR-378d, hsa-nuiR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-
142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa~muR-18a-3p, hsa-miR-4746-5p, hsa-miR-
27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

[001931  In some embodiments, a composition described herein comprises hsa-miR-~155-5p/
hisa-let-7i-5p and at least one biomarker selected from the group consisting of hsa-miR-516b-5p,
hsa-miR-30c-5p, haa~-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-
23a-3p, hsa-miR-378d, hsa~-miR-155-5p, hsa-miR-9%b-3p, hsa-miR-1249-3p, hsa-miR-142-3p,
hsa-miR~4433b-5p, hsa~-miR-1273h-3p, hsa-miR-~18a-3p, hsa-miR-4746-5p, hsa-miR-273-5p,

hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941.

[00194]  In one aspect, the invention provides a composition of labeled and/or amplified
nucieic acid molecules, for example, amplified labeled nucleic acid molecules, that correspond to
a pair of biomarker selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-3p,
hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c¢-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-
516b-5p, hea-miR~484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-70-5p, hsa~-miR-30c-5p/hsa-
miR-7-5p, hsa-miR-516b-Sp/hsa-miR-486-5p, hsa-miR-516b-Sp/hsa-miR-150-5p, hsa-miR-485-
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Sp/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miRk-
30¢-Sp/hsa-nuR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5Sp/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-miR-30¢-5p/hsa-miR-516b-5p, hsa-miR-S16b-5Sp/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR~103a-3p, hsa-miR-5316b-5p/hsa~-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa~miR-516b-Sp/hsa~miR-151a-3p, bsa~-riR-30a-Sp/hsa-nmiR-485-5p, hsa-muR-516b-Sp/hsa-let-
7a-5p, hsa-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-53p, hsa-miR-
516b-Sp/hsa-tet-7H-5p, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-35p, bsa~-miR-510b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa~-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-Sp/hsa-miR-27a-3p, hsa-miR-9%9a-5p/hsa-miR-485-5p, hsa-

i R-99b-3p/hsa-miR-6852-5p, hsa~-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-mmR-~
484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-5p/hsa-miR-
S16b-3p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5Sp/hsa-miR-~-485-5Sp, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-Sp/hisa-nuR-127-3p, hsa-nmiR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-5p/hsa~-miR-148a-3p, hsa-miR-516b-5p/hsa-miR~128-3p, hsa-miR-516b-5p/hsa-miR-~
320a, hsa-miR-516b-Sp/hsa-miR-744-5p, hsa-miR-30¢-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR~93-5p, hsa-miR-~127-3p/hsa-miR-485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, bsa~miR-7-5p/hsa~-miR-94 1, hsa~-miR-451a/hsa-miR~485-5p, hsa-miR-~374b-Sp/hsa-nuR-885-
3p, hsa-miR-5106b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-S16b-3p, hsa-miR-~125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-5p, hsa~-miR-516b-Sp/hsa~-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-let-7i-5p, hsa-nuR-
S16b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-~146b-5p/hsa-miR-485-5p,
hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,

~3
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hsa-miR-30¢c-5p/hsa-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5Sp/hsa-miR-485-

Sp, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

(001951 In some embodiments of the pair of biomarkers or panel of biomarkers comprising a
patr of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-30c-
Sp/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-
miR-30¢-5p/hsa-miR-30a-5p, hsa~-miR-516b-Sp/hsa~-miR-92a-3p, hsa-miR-155-5p/hsa-miR~27b-
3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-5p/hsa-
miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-5Sp/hsa~-miR-485-5p, hsa-miR-
516b-5p/hsa-tet-7a-5p, hsa-miR-516b-5p/hsa-niR-222-3p, hsa-miR-516b-5p/hsa-let-7f-5p, hsa-
miR-485-5p/hsa-miR-183-5p, hsa-miR-4433b-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-miR-
10b-5p, hsa-miR-5316b-5p/hsa~-miR-328-3p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa-miR-516b-
Sp/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-
miR-23a-3p/hsa~-miR-93-5p, bsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-21-5p/hsa-miR-485-
Sp, hsa-miR-516b-5p/hsa-miR-24-3p, and hsa-miR-378¢/hsa-miR-148a-5p.

[00196]  In some embodiments of the pair of biomarkers or panel of biomarkers comprising a

pair of biomarkers, the pair of biomarkers 15 selected from the group consisting of hsa~-miR-140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-

miR-25-Sp/hsa-miR-516b-Sp, and hsa-miR-484/hsa-miR-516b-5p .

(001971 In some embodiments of the pair of biomarkers or panel of biomarkers comprising a
patr of biomarkers, the pair of biomarkers is selected from the group consisting of hsa-miR-140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30¢c-Sp/hsa-miR-27b-3p, hsa-
miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7b-5p,

and hsa-miR-30¢c-5p/hsa-muR-7-5p.

(001981 In some embodimenis of the pair of biomarkers or panel of biomarkers comprising a
pair of biomarkers, the pair of biomarkers 1s selected from the group consisting of hsa-miR-140-
3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-
miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-nuR-516b-Sp, hsa-miR-516b-Sp/hsa-let-Th-5p,
hsa-miR-30c-5p/hsa~-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-

150-5p, and hsa-miR-485-Sp/hsa-nmiR-516b-5p.
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1001991 in one aspect, the invention provides a composition of iabeled and/or amplified
nucleic acid molecules that correspond to at least one of the nucleic acid biomarkers listed in
Table 5. In an additional aspect, the invention provides a composition of labeled and/or
amplified nucleic acid molecules that correspond to at least one pair of the nucleic acid

biomarkers listed in Table 5

(002001 In some embodiments, a compostition described herein comprises nucleic acid
molecules selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-
485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-nuR-760,
hsa-miR-6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and

hsa-miR-4446-3p

100201} In some embodiments, a composition described herein comprises hsa-miR-30¢-
5p. In some embodiments, a composition described herein comprises hsa~-miR-0842-3p. In
some embodiments, a composition described herein comprises hsa-miR-485-5p. In some
embodiments, a composition described herein comprises hsa-miR-331-3p. In some
embodiments, a composition described herein comprises hsa-miR-517a-3p-hsa-miR-517b-3p. In
some embodiments, a composition described herein comprises hsa-miR-5316b-5p. In some
embodiments, a composition described herein comprises hsa-miR-760. In some embodiments, a
composition described herein comprises hsa-niR-6852-5p. In some embodiments, a
composition described herein comprises hsa-miR-1323. In some embodiments, a composition
described herein comprises hsa-miR-155-5p. In some embodiments, a composition described
herein comprises hsa-miR-6747-3p. In some embodiments, a composition described herein
comprises hsa-miR-181d-5p. In some embodiments, a composition described herein comprises

hsa~miR-4446-3p.

00202} In some embodiments, a composition described herein comprises hsa-miR-485-5p
and at least one biomarker selected from the group consisting of hsa-miR-7-5p, hsa-miR-501-3p,

hea-miR-~363-3p, hsa-miR-182-5p, hsa-roiR-127-3p, bsa~-miR-140-3p, hsa~-miR-26b-5p.

[00203] In some embodiments, a composition described herein comprises hsa-miR-485-5p
and at least one pair biomarker selected from the group consisting of hsa-miR-27b-3p, hsa-let-7i-

Sp, hsa-miR-99a-5p, hsa-miR-409-3p.
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F00204] in some embodiments, a composition described herein comprises hsa-miR-485-5p

and two or more biomarkers selected from Table 5.

(002051  In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising measuring the amount
of two or more of the nucleic acid biomarkers listed in Tables 3, 4 or S 1n a biological sample
obtained from the pregnani female, and calculating a risk score based upon the measured
amounts of the nucleic acid biomarkers to determine the pregnant female’s risk of developing
placental dysfunction. Tu some emobodiments, the method further coroprises the step of providing

a score corresponding to the pregnant female’s risk of developing placental dysfunction.

(002061  In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising producing labeled
and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules,
that correspond to two or more of the nucleic acid biomarkers listed in Tables 3, 4or S ina
biotogical sample obtained from the pregnant female; measuring the levels of expression of the
labeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules; calculating a risk score based upon the measured levels of the labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules, to
determine the pregonant female’s risk of developing placental dysfunction. In some embodiments,
the method further comprises the step of providing a score corresponding to the pregnant

female’s risk of developing placental dysfunction.

(002071  In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p. In some embodiments, a
method described herein comprises hsa-miR-30¢c-5p. In some embodiments, a method described
herein comprises hsa~-miR-1-3p. In some embodiments, a roethod described herein comprises
hsa-miR-331-3p. In some embodiments, a method described herein comprises hsa-miR-485-5p.
In some embodiments, a method described herein comprises hsa~-miR-181d-5p. Tn some
embodiments, a method described herein comprises hsa-miR-23a-3p. In some embodiments, a
method described herein comprises hsa-nuR-378d. In some embodiments, a method described

herein comprises hsa-miR-~155-5p. In some embodiments, a method described heretn comprises
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hisa-miR-99b-3p. In some embodiments, a method described herein comprises hsa-nuiR-1249-
3p. In some embodiments, a method described herein comprises hsa-miR-142-3p. In some
embodiments, a method described herein comprises hsa-miR-4433b-5p. In some embodiments,
a method described herein comprises hsa-miR-1273h-3p. 1o some embodiments, a method
described herein comprises hsa-miR-18a-3p. In some embodiments, a method described hergin
comprises hsa-miR-4746-5p. In some embodiments, a method described herein comprises hsa-
miR-27a-5p. In some embodiments, a method described herein comprises hsa-miR~654-3p. In
some embaodiments, a method described herein comprises hsa-miR-7-5p. In some embodiments,

a method described herein comprises hsa-rnR-941.

[00208]  In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p and at least one
biomarker selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-
I81d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p,
hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p,

hsa-miR-27a-5p, hsa-miR-654-3p, hsa~-miR-~7-5p, and hsa-miR-941.

[002091 o some embodiments, a method described herein coruprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-30¢-5p and at least one biomarker
selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-
miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99%b-3p, hsa-miR-~1249-3p, hsa-miR-142-
3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-Sp, hsa-miR-27a-5p,
hsa-miR-~-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(002101 In some embodiments, a method described heretn comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-1-3p and at least one biomarker
selected from the group consisting of hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-~-181d-5p, hsa-
miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-
3p, bsa~-miR-4433b-5p, hsa-nuR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-Sp, hsa-miR-27a-5p,
hsa-miR-~-654-3p, hsa-miR-7-5p, and hsa-miR-941.

(002111 In some embodiments, a method described heretn comprises producing fabeled and/or

amplified nucleic acid molecules that correspond to hsa-miR-516b-5p and at least one pair of
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biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-
155-5p/hsa-miR-625-3p, hsa-miR-30¢c-Sp/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p,
hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-30¢-Sp/hsa~-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5Sp/hsa-miR-150-5p, hsa-miR-485-Sp/hsa-
miR-516b-5p, hsa-miR-7-5p/hsa~-miR-485-5p, hsa~-miR-510b-5p/hsa-let-7g-5p, hsa-miR-30c¢-
Sp/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30¢c-5p/hsa-miR-30a-5p, hsa-
miR-516b-5p/hsa-miR-92a-3p, hsa~-miR-186-5p/hsa~-miR-516b-5p, hsa~miR-155-5p/hsa-miR-
275-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-316b-Sp/hsa~-miR-126-3p, hsa~-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-0741-5p/hsa~-miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa-miR-23a-3p/hsa-miR-27b-3p,
hisa~-nmuiR-516b-Sp/hsa~-miR-151a-3p, hsa-miR-30a-Sp/hsa-nmiR-485-5p, hsa-miR-516b-5p/hsa-let-
7a-5p, hsa~-miR-30c-5p/hsa-miR-27a-3p, hsa-miR~-485-Sp/hsa-miR-7-3p, hsa-miR-516b-5p/haa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
516b-Sp/hsa-tet-7H-Sp, hsa-miR-485-5Sp/hsa~-miR-183-5p, hsa~-miR-516b-Sp/hsa~-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-5p, bsa~miR-516b-5p/hsa-miR-3615, hea-miR-100-Sp/hsa~-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%9a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-
484, hsa~-miR-516b-5p/hsa-let-7i-5p, hsa~miR-23a-3p/hsa-miR-18&1a-5p, hsa-miR-7-5p/hsa-miR-~
S16b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-Sp, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5p/hsa-miR-~485-5p, hsa-miR-
485-Sp/hisa-nuR-127-3p, hsa-nmiR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-Sp/hsa-miR-148a-3p, hsa~-miR-516b-5p/hsa-miR-128-3p, hsa-muR-516b-3p/hsa-mmR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-629-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-miR-~127-3p/hsa~-miR-~485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30¢-5p/hsa-miR-20b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, hsa~-miR-7-5p/hsa-miR-94 1, hsa-muR-451a/hsa-nuR-485-5p, hsa-miR-374b-5Sp/hsa-niR-885-
3p, bsa~-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-9%a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
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485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-let-7i-5p, hsa-nuR-
S16b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-~146b-5p/hsa-miR-485-5p,
hsa-miR-760/hsa~-miR-378g, hsa-miR-3615/hsa-niR-485-Sp, hsa-miR-140-3p/hsa-nuR-485-5p,
hsa-miR-30c-5p/hsa~miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-Sp/hsa-miR-485-

5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

(002121 In some embodiments, a method described herein comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-riR-30¢-Sp and at least one pair of
biomarkers selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-
155-Sp/hisa-nuiR-625-3p, hsa-nmuR-30c-Sp/hsa-miR-27b-3p, hsa-miR-25-Sp/hsa-nmiR-516b-3p,
hsa-miR-~484/hsa~miR-510b-5p, hsa~-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p,
hsa~-nuiR-516b-Sp/hsa-miR-486-5p, hsa-nuR-516b-5p/hsa-miR-150-5p, hsa-miR-485-5p/hsa-
miR-516b-5p, hsa-miR-7-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-let-7g-5p, hsa-miR-30c¢-
Sp/hsa-miR-106-5p, hsa-miR-510b-5p/hsa-miR-423-5p, hsa-miR-30c-5p/hsa-miR-30a-5p, hsa-
miR-516b-Sp/hisa~miR-92a-3p, hsa-miR-186-5p/hsa-miR-316b-5p, hsa-miR-155-5p/hsa~-miR-
276-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-510b-5p/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, bsa-miR-516b-5p/hsa-rR-126-3p, hsa-miR-99b-3p/hsa~-miR-486-3p, hea-
miR-6741-5p/hsa-miR-760, hsa~-miR-20a-5p/hsa-miR~485-5p, hsa-miR-23a-3p/hsa~-miR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-
7a-5p, bsa~-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
S16b-5p/hsa-tet-7£-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-nR-185-5p,
hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-5p, hsa-miR-316b-Sp/hsa~-miR-3615, hsa~-miR-100-5p/bsa~miR-516b-5p, hsa~-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
iR-99b-3p/hsa~-miR-6852-5p, hsa-miR-363-3p/hsa~-miR-485-5p, hsa~-miR-5316b-Sp/hsa~-miR-
484, hsa-miR-516b-5Sp/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-5p/hsa-miR-
516b-Sp, hsa-miR-516b-5Sp/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR~-30a-5p, hsa-miR-~155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-niR-516b-Sp/hsa-miR-25-3p, hsa-
miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-~128-3p, hsa-miR-516b-Sp/hsa-miR-
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320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-029-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-muR-485-5p, hsa-
miR-155-5p/hsa~-miR-451a, hsa-miR-30c-Sp/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, hsa~-miR-7-5p/hsa-miR-94 1, hsa-muR-451a/hsa-nuR-485-5p, hsa-miR-374b-5Sp/hsa-niR-885-
3p, bsa~-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-Sp, hsa-miR-516b-5p/hsa~-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-Sp, hsa~-miR-~-516b-Sp/hsa-miR-423-3p, hsa-miR-516b-Sp/hsa-miR-146b-Sp, hsa-miR-330-
Sp/hsa-miR~92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢-3p/hsa-fet-7i-5p, hsa-miR-
S16b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-Sp,
hsa-miR-700/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa~miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c¢-Sp/hsa~-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5Sp/hsa-miR-485-
5p, bsa~miR-S16b-5p/hsa-roiR-146a-5p, and hsa~-miR-516b-Sp/hsa-miR~451a.

[002131 o some embodiments, a method described herein coruprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-1-3p and at least one pair of
biomarkers selected from the group consisting of hsa-miR-~140-3p/hsa-miR-516b-5p, hsa-miR-
155-5p/hsa~-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p,
hsa-miR-484/hsa~-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7b-Sp, hsa-miR-30¢-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-~150-5p, hsa-miR-485-5p/hsa-
miR-516b-5p, hsa-miR-7-Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-let-T¢-5p, hsa-miR-30¢-
Sp/hsa-miR-10-5p, hsa~miR-516b-5p/hsa~-miR-423-5p, hsa~-miR-30c-5p/hsa-miR-30a-5p, hsa-
miR-516b-Sp/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-Sp/hsa-miR-
276-3p, hsa~-miR-30e-5p/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-5p, hsa~-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa~-miR-20a-5p/hsa-miR~-485-5p, hsa-miR-23a-3p/hsa~-miR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-Sp/hsa-miR-485-5p, hsa~-miR-516b-5p/hsa-let-
7a-5p, hsa~-miR-30c-Sp/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-Sp/hsa-
miR-222-3p, hsa~-miR-23a-3p/hesa-miR-30a-5p, hsa-miR-433-3p/hsa~-miR-345-5p, hsa-miR-
S16b-5p/hsa-tet-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, haa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa~miR-
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191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa~-miR-27a-3p, hsa-miR-99a-Sp/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa~-miR-0852-5p, hsa-miR-363-3p/hsa~-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-
484, hsa-miR-516b-Sp/hsa-let-71-5p, hsa~-miR-23a-3p/hsa-miR-181a-5p, hsa-niR-7-5p/hsa-miR-
516b-5p, hsa-miR~516b-5p/hsa~-miR-328-3p, hsa-miR-181a-5p/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-~
485-5p/hsa-miR~127-3p, hsa-miR-320b/hsa~-miR-485-5p, hsa~-miR-516b-Sp/hsa~-miR-25-3p, hsa-
miR-516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-
320a, bsa-miR-516b-5p/hsa-miR~744-5p, hsa-miR-30c-Sp/hsa~-miR-186-5p, hsa~miR-516b-
Sp/hsa-miR~629-5p, hsa-miR~23a-3p/hsa-miR-93-5p, hsa~-miR-127-3p/hsa-miR-485-5p, hsa-
miR-155-Sp/hsa-miR-451a, hsa-miR-30¢-Sp/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
Sp, hsa-miR-~7-5p/hsa-miR-941, hsa-miR-451a/bsa~-miR-485-5p, hsa~-miR-374b-5p/hsa-miR-885-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa~-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-~501-3p/hsa-miR-~485-5p, hsa-miR-30¢-5p/hsa-miR-451a, hsa-muR-21-5p/hsa-roiR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-
516b-5Sp/hsa~miR-425-5p, hsa-miR-516b-5p/hsa~-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hsa~-nmiR-760/hsa-miR-378¢, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c-5p/hsa~-miR-125a-5p, hsa~-miR-378¢/hsa-miR-~148a-5p, hsa-let-7b-5p/hsa-miR-485-
5p, hsa~-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-Sp/hsa-miR-451a.

[00214] In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspoud to hsa-miR-140-3p/hsa-miR-516b-5p. Tn some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid wolecules that correspond to hsa-miR-155-5p/hsa-miR-~625-3p. In some embodunents, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-30¢-5p/hsa-miR-27b-3p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hisa~-nmiR-25-5p/hsa-miR-516b-5p. In some embodiments, a method described herein comprises

producing labeled and/or amplified nucleic acid molecules that correspond to hsa-riR-484/hsa-



WO 2021/252574 PCT/US2021/036535

mik-5316b-5p. In some embodiments, a method described herein comprises producing labeled
and/or amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-let-7b-5p. In
some embodiments, a method described herein comprises producing labeled and/or amplified
nucleic acid molecules that correspond to hsa-nmiR-30¢-5p/hsa-miR-7-5p. In some embodiments,
a method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-516b-5p/hsa-miR-486-5p. In some embodiments, a method
described herein comprises produciog labeled and/or amplified nucleic acid molecules that
correspond to hsa-miR-516b-5p/hsa-miR-150-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-~-485-5p/hsa~-miR-516b-5p. In some embodiments, a method deseribed herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-7-5p/hsa-
miR-485-5p. In some embodiments, a method described herein comprises producing labeled
and/or amplified nucleic acid molecules that correspond to hsa-miR-516b-Sp/hsa-let-7Tg-Sp. In
some embodiments, a method described heren coraprises producing labeled and/or amplified
nucleic acid molecules that correspond to hsa-miR-30¢-5p/hsa-miR-16-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid molecules that correspond to hsa-miR-516b-5p/hsa-miR-423-5p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-30c-Sp/hsa~-miR-30a-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-516b-5p/hsa-miR-92a-3p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-186-
Sp/hsa-miR-516b-5p. In some embodiments, a method described herein comprises producing
fabeled and/or amplified nucleic acid molecules that correspond to hsa-miR-155-5p/hsa-niR-
27b-3p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-30e-5p/hsa-miR-516b-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplitied nucleic
acid molecules that correspond to hsa-miR-516b-5p/hea-let-7d-5p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-516b-Sp/hsa-miR-~1032-3p. In some embodiments, a method

described herein comprises producing labeled and/or amplified nucleic acid molecules that
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correspond to hsa-miR-516b-5p/hsa-miR-126-3p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-99b-3p/hsa-miR-486-3p. In some embodiments, a method described heretn comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-6741-
Sp/hsa-miR-760. In some embodiments, a method described herein comprises producing labeled
and/or amplified nucleic acid molecules that correspond to hsa-miR-20a-5p/hsa-nuiR-485-5p. In
some embodiments, a method described herein comprises producing labeled and/or amplitied
nucleic acid molecules that correspond to hsa-miR-23a-3p/hsa-miR-27b-3p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
actd molecules that correspond to hsa-miR-516b-5p/hsa-miR-~-151a-3p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa~-miR-30a-5p/hsa-miR-485-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplitied nucleic acid molecules that correspond to
hsa-miR-~-516b-5p/hsa-let-7a-Sp. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-30c¢-
Sp/hsa~-miR-27a-3p. In some embodiments, a method described herein comprises producing
labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-485-5p/hsa-miR-7-
5p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-miR-222-3p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid molecules that correspond to hsa-miR-23a-3p/hsa-miR-30a-5p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa~-miR-433-3p/hsa-miR-345-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa~miR-516b-Sp/hsa-let-7{-5p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-485-
Sp/hsa-miR-183-5p. In some embodiments, a method described herein comprises producing
jabeled and/or amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-miR-
185-5p. In some embodiments, a method described heretn comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-let-71-5p/hsa-miR-485-5p. In some

embodiments, a method described herein comprises producing labeled and/or amplitied nucleic
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acid molecules that correspond to hsa-miR-4433b-5p/hsa-miR-516b-5p. In some embodiments,
a method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-516b-Sp/hsa-miR-~191-5p. In some embodiments, a method
described herein comprises producing labeled and/or amplified nucleic acid molecules that
correspond to hsa~miR-510b-5p/hsa-miR-3615. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa~miR-100-5p/bsa-miR-516b-5p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-516b-
Sp/hsa-miR-10b-Sp. In some embodiments, a method described herein corprises producing
jabeled and/or amplified nucleic acid molecules that correspond to hsa-miR-485-5p/hsa-miR-
27a-3p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-992-5p/hsa-miR-485-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplitied nucleic
actd molecules that correspond to hsa-miR-99b-3p/hsa~-miR-6852-5p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa~-miR-363-3p/hsa~-miR-485-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-516b-5p/hsa-miR-484. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-516b-
Sp/hisa-let-7Ti-5p. In some embodiments, a method described herein comprises producing labeled
and/or amplified nucleic acid molecules that correspond to hsa-miR-23a-3p/hsa~-miR-181a-5p.
In some embodiments, a method described herein comprises producing labeled and/or amplified
nucleic acid molecules that correspond to hsa~-miR-7-3p/hsa-riR-516b-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid wolecules that correspond to hsa-nuR-516b-Sp/hisa~miR-328-3p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-181a-Sp/hsa-miR-485-5p. In some embodiments, a method
described herein comprises producing fabeled and/or amplified nucleic acid molecules that
correspond to hsa-miR-155-Sp/hsa-miR-30a-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to

hsa-miR-155-5p/hsa-let-7i-5p. In some embodiments, a method described herein comprises
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producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-98-
Sp/hisa-miR-485-5p. In some embodiments, a method described herein comprises producing
fabeled and/or amplified nucleic acid molecules that correspond to hsa-miR~485-5p/hsa-miR-
127-3p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-320b/hsa-miR-485-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid wolecules that correspond to hsa-miR-516b-Sp/hsa~-miR-25-3p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa~-miR-516b-3p/hsa-miR-148a-3p. In some embodiments, a roethod
described herein comprises producing fabeled and/or amplified nucleic acid molecules that
correspond to hsa-miR-516b-Sp/hsa-miR-128-3p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-516b-5p/hsa-miR-320a. In some embodiments, a method described herein comprises
producing labeled and/or amplhified nucleic acid molecules that correspond to hsa-miR-516b-
Sp/hsa-miR-744-5p. In some embodiments, a method described herein comprises producing
fabeled and/or amplified nucleic acid molecules that correspond to hsa~-miR-30¢-5p/hsa-miR-
186-5p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-510b-5p/hsa-miR-629-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucieic
acid molecules that correspond to hsa-miR-23a-3p/hsa-miR-93-Sp. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-127-3p/hsa-miR-485-5p. In some embodiments, a method described
herein comprises producing labeled and/or amphified nucleic acid molecules that correspond to
hsa-miR-155-5p/hsa-miR-451a. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-30c¢-
Sp/hsa~-miR-26b-5p. In some embodiments, a method described herein comprises producing
labeled and/or amplitied nucleic acid molecules that correspond to hsa-miR-4732-3p/hsa-miR-
516b-5p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-7-5p/hsa-miR-241. In some
embodiments, a method described herein comprises producing labeled and/or amplitied nucleic

acid molecules that correspond to hsa-miR-451a/hsa-miR-485-5p. In some embodiments, a
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method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-374b-Sp/hsa-miR-885-3p. In some embodiments, a method
described herein comprises producing labeled and/or amplified nucleic acid molecules that
correspond to hsa~-miR-516b-5p/hsa-miR-1307-3p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-516b-5p/hsa-miR-30d-5p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa~-miR-3605-
Sp/hsa~-miR-425-3p. In some embodiments, a method described herein comprises producing
labeled and/or amplified nucleic acid molecules that correspond to hsa~miR-501-3p/hsa-mmR-~
516b-5p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-125b-Sp/hsa-miR-485-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplitied nucleic
acid molecules that correspond to hsa-miR-26b-5p/hsa-miR-485-Sp. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-30¢-5p/hsa-miR-99a-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-516b-5p/hsa-miR-127-3p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-501-
3p/hsa-miR-485-5p. In some embodiments, a method described heretn comprises producing
tabeled and/or amplified nucieic acid molecules that correspond to hsa-miR-30¢-5p/hsa~-miR-
451a. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-21-5p/hsa-miR-485-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid molecules that correspond to hsa-miR-516b-5p/hsa-miR-423-3p. In some embodiments, a
method described berein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-516b-5p/hsa-miR-146b-5p. In some embaodiments, a method
described herein comprises producing labeled and/or amplified nucleic acid molecules that
correspond to hsa~-miR-330-5p/hsa-miR-92b-5p. In some embodiments, a method described
herein comprises producing labeled and/or amplified nucleic acid molecules that correspond to
hsa-miR-4443/hsa-miR~-485-5p. In some embodiments, a method described herein comprises

producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-30c¢-
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Sp/hsa-let-7i-5p. In some embodiments, a method described herein comprises producing labeled
and/or amplified nucleic acid molecules that correspond to hsa-miR-S16b-5p/hsa-miR-425-5p.
In some embodiments, a method described herein comprises producing labeled and/or amplified
nucleic acid molecules that correspond to hsa-miR-516b-Sp/hsa-miR-24-3p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid molecules that correspond to hsa-miR-146b-5p/hsa-miR-485-5p. In some embodiments, a
method described berein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-760/hsa-miR-378g. In some embodiments, a method described
herein comprises producing labeled and/or amphified nucleic acid molecules that correspond to
hsa-miR-3615/hsa-miR-485-5p. In some embodiments, a method described herein comprises
producing labeled and/or amplified nucleic acid molecules that correspond to hsa-miR-140-
3p/hsa-miR-485-5p. In some embodiments, a method described herein comprises producing
labeled and/or amplitied nucleic acid molecules that correspond to hsa-miR-30¢-5p/hsa-miR-
125a-5p. In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-378¢/hsa-miR-148a-5p. In some
embodiments, a method described herein comprises producing labeled and/or amplified nucleic
acid molecules that correspond to hsa-let-7b-5p/hsa-miR-485-5p. In some embodiments, a
method described herein comprises producing labeled and/or amplified nucleic acid molecules
that correspond to hsa-miR-516b-5p/hsa-miR-146a-Sp. In some embodiments, a method
described herein comprises producing labeled and/or amplified nucleic acid molecules that

cotrrespond to hsa-miR-516b-Sp/hsa-miR-451a.

[006215] In some embodiments, 3 method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-140-3p/hsa-miR-516b-5p and at
least one biorarker pair selected from the group consisting of hsa~-miR-25-5p/hsa-miR-516b-5p,
hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p,
hsa~miR-516b-Sp/hsa~-miR-486-5p, hsa~-miR-S16b-3p/hsa~rmR-150-5p, hsa~-miR-485-5p/hsa-
miR-516b-5p, hsa-miR-7-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-let-7g-5p, hsa-miR-30c¢-
Sp/hsa-miR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-Sp, hsa-
miR-516b-5p/hsa~-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-
27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7d-5p, hsa-miR-S16b-
Sp/hsa-miR-103a-3p, bsa-miR-516b-5p/hsa-rR-126-3p, hsa-miR-99b-3p/hsa~-miR-486-3p, hea-
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miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hisa~-nmiR-516b-Sp/hsa~-miR-151a-3p, hsa-miR-30a-Sp/hsa-nuR-485-5p, hsa-miR-516b-Sp/hsa-let-
7a-5p, hsa-miR-30¢c-5p/hsa~-miR-27a-3p, hsa-miR~-485-5p/hsa-miR-~7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
516b-Sp/hsa-tet-7H-5p, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
191-5p, bsa~miR-516b-5p/hsa-miR-3615, hea-miR-100-Sp/hsa~-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-9%9a-5p/hsa-miR-485-5p, hsa-

i R-99b-3p/hsa-miR-6852-5p, hsa~-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-mmR-~
484, hsa~-miR-516b-5p/hsa-let-7i-5p, hsa~miR-23a-3p/hsa-miR-18&1a-5p, hsa-miR-7-5p/hsa-miR-~
S16b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-Sp, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-Sp, hsa-miR-98-5p/hsa-miR-~485-5p, hsa-miR-
485-Sp/hisa-nuR-127-3p, hsa-nmiR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-Sp/hsa-miR-148a-3p, hsa~-miR-516b-5p/hsa-miR-128-3p, hsa-muR-516b-3p/hsa-mmR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-629-5p, hsa-miR-~23a-3p/hsa-miR-93-5p, hsa-miR-~127-3p/hsa~-miR-~485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30¢-5p/hsa-miR-20b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, hsa~-miR-7-5p/hsa-miR-94 1, hsa-muR-451a/hsa-nuR-485-5p, hsa-miR-374b-5Sp/hsa-niR-885-
3p, bsa~-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-9%a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-Sp, hsa~-miR-~-516b-Sp/hsa-miR-423-3p, hsa-miR-516b-Sp/hsa-miR-146b-Sp, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢c-Sp/hsa-let-7i-5p, hsa-miR-
S16b-3p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa~-miR-485-Sp,
hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c¢-Sp/hsa~-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5Sp/hsa-miR-485-
5p, bsa~miR-510b-5p/hsa-miR-146a-5p, and hsa~-miR-516b-Sp/hsa~-miR-451a.

(002161 In some embodiments, a method described heretn comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-155-5p/hsa-miR-625-3p and at

feast one biomarker pair selected froro the group cousisting of hsa-miR-~25-5p/hsa-miR-516b-5p,
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hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p,
hsa~-nuiR-516b-Sp/hsa-miR-486-5p, hsa-nuR-516b-5p/hsa-miR-150-5p, hsa-miR-485-5p/hsa-
miR-516b-5p, hsa-miR-7-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-let-7g-5p, hsa-miR-30c¢-
Sp/hsa-miR-16-5p, hsa-miR-516b-Sp/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-Sp, hsa-
miR-516b-5p/hsa~-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-

27b-3p

, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-5106b-5p/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, bsa-miR-516b-5p/hsa-rR-126-3p, hsa-miR-99b-3p/hsa~-miR-486-3p, hea-
miR-6741-5p/hsa-miR-760, hsa-miR-20a-Sp/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-miR-27b-3p,
hea-miR-~-516b-5p/hsa-miR-151a-3p, hsa-nuR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-
7a-5p, bsa~-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
S16b-5p/hsa-tet-7£-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-nR-185-5p,
hsa-let-71-Sp/hsa-miR-485-5p, hsa-miR-4433b-Sp/hsa-nuR-516b-Sp, hsa-miR-516b-5p/hsa-miR-
191-5p, hsa-miR-316b-Sp/hsa~-miR-3615, hsa~-miR-100-5p/bsa~miR-516b-5p, hsa~-miR-516b-
Sp/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
iR-99b-3p/hsa~-miR-6852-5p, hsa-miR-363-3p/hsa~-miR-485-5p, hsa~-miR-5316b-Sp/hsa~-miR-
484, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-5p/hsa-miR-
516b-Sp, hsa-miR-516b-5Sp/hsa-miR-328-3p, hsa-miR-181a-Sp/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR~-30a-5p, hsa-miR-~155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-niR-516b-Sp/hsa-miR-25-3p, hsa-
miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-~128-3p, hsa-miR-516b-5p/hsa-miR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30¢-Sp/hsa-miR-186-5p, hsa-nuR-516b-
Sp/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa~miR-127-3p/hsa-miR~-485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
Sp, hsa-miR-~7-5p/hsa-miR-941, hsa-miR-451a/bsa~miR-485-5p, hsa~miR-374b-5p/hsa-roiR-885-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-Sp, hsa-miR-125b-5p/hsa-miR-485-Sp, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-9%a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa~-miR-330-
S5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-let-7i-5p, hsa-miR-
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516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hisa~-nmiR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c-5p/hsa~-miR-125a-5p, hsa~-miR-378c/hsa-miR-~-148a-5p, hsa-let-7b-5p/hsa-miR-485-
5p, hsa~-miR-516b-5p/hsa-miR-146a-Sp, and hsa-miR-516b-Sp/hsa-miR-451a

[00217]  In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-nuR-30¢-3p/hsa-miR-27b-3p and at least
one biomarker pair selected from the group consisting of hsa-miR-25-5p/hsa-miR-516b-5p, hsa-
miR~-434/hsa~miR-516b-5p, hsa-miR-516b-Sp/hsa-let-Tb-Sp, hsa-miR-30¢-Sp/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-~150-5p, hsa-miR-485-5p/hsa-
miR-516b-Sp, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miR-30c¢-
Sp/hsa-miR~16-5p, hsa-miR-516b-5p/hsa-miR-~423-5p, hsa-miR-30c-5p/hsa~-miR-30a-Sp, hsa-
miR-516b-5p/hsa-miR-92a-3p, hsa-nuR-186-5p/hsa-miR-516b-5p, hsa-nuR-155-5p/hsa-miR-
27b-3p, hsa~-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-0741-Sp/hisa~miR-760, hsa-riR-20a-Sp/hsa~-miR-485-5p, hsa~-miR-23a-3p/hsa-miR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-
Ta-Sp, hsa-miR-~30¢-5p/hsa~riR-27a-3p, hsa-tnR~-485-5Sp/hsa-miR-~7-5p, hsa~-nmuR-516b-Sp/hsa-
miR-222-3p, hsa~-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hea-miR-~
516b-Sp/hsa-tet-7H-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-nuR-516b-Sp/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-~4433b-5p/hsa~-miR-516b-5p, hsa-miR-516b-5p/hsa~-miR-
191-5p, hsa~-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-~10b-5p, hsa-miR-485-5p/hsa~-miR-27a-3p, hsa-iR-9%9a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-06852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-mik-
484, hsa~-miR-516b-Sp/hsa-let-7i-5p, hsa~miR-23a-3p/hsa-muR-181a-5p, hsa-muR-7-5p/hsa-miR-
516b-5p, hsa-nmiR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR-30a-5p, bsa~-ruiR-155-5p/hsa-let-71-Sp, hsa-miR-98-Sp/hsa-miR-485-5p, hsa-miR~
485-5p/hsa~-miR~127-3p, hsa-miR-320b/hsa~-miR-485-5p, hsa~-miR-516b-5p/hsa~-miR-25-3p, hsa-
miR-516b-Sp/hsa-niR-148a-3p, hsa-miR-S16b-5p/hsa-miR-128-3p, hsa-miR-510b-5p/hsa-miR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-Sp/hsa~-miR-186-5p, hsa~-miR-516b-
Sp/hsa-miR-029-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-
miR-155-5Sp/hsa~-miR-451a, hsa-miR-30¢-Sp/hsa~-miR-26b-5p, hsa~-miR-4732-3p/hsa~-miR-~516b-
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5p, hsa-miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-374b-5p/hsa-miR-885-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-Sp, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-~125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-niR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, bsa~-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-miR-~451a, hsa-miR-21-5p/hsa-miR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-~4443/hsa-miR-485-5p, hsa-riR-30c-Sp/hsa-let-7i-5p, hsa~-miR-
516b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hea-miR-~-760/bsa~miR-378g, hsa~riR-3615/hsa~-miR-485-5p, hsa-miR-140-3p/hsa-nmiR-485-5p,
hsa-miR-30c-5p/hsa~miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-Sp/hsa-miR-485-

Sp, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

(002181 In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-140-3p/hsa-miR-516b-5p and at
feast one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-miR-30c-5p,
hsa-miR-~1-3p, hsa-miR-331-3p, hsa-miR~485-5p, hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-
3784, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-
Sp, hsa-miR~1273h-3p, bsa~miR-18a-3p, hsa-tiR~4746-5p, hsa-miR-27a-5p, hsa-miR~654-3p,

hsa-miR-7-5p, and hsa-miR-941.

[006219] In some embodiments, 3 method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-nmiR-155-5p/hsa-miR-625-3p and at
feast one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa~-miR-30¢-5p,
hsa~-nmiR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-nmiR-181d-5p, hsa-nuR-23a-3p, hsa-miR-
378d, hsa-miR-155-5p, bsa~-miR-99b-3p, hsa~miR-1249-3p, hsa~-miR-142-3p, hsa~-miR-4433b-
Sp, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p, hsa-miR-654-3p,

hea-miR-7-5p, and hsa-miR-941

(002201 In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-30¢-3p/hsa-miR-27b-3p and at least
one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-

miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-~
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3784, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-
Sp, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-Sp, hsa-miR-654-3p,

hsa-miR-7-5p, and hsa-miR-941.

(0062211 In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-niR-516b-Sp/hisa-let-7b-Sp, hsa-miR-

516b-Sp/hsa~muR-423-5p and hsa-miR~155-5p/ hsa-tet-71-5p.

(002221 o some embodiments, a method described herein coruprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-let-7b-5p and at least
one biomarker pair selected froro the group cousisting of hsa-miR-~140-3p/hsa-miR-~516b-5p,
hsa-miR-155-5p/hsa-miR-625-3p, haa-miR-30c-Sp/hsa~-miR-27b-3p, hsa-miR-25-5p/hsa-miR-
516b-Sp, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7b-3p, hsa-miR-30¢-5p/hsa-
miR-7-5p, hsa~-miR-516b-5p/hsa~-miR-486-5p, hsa-miR-516b-5p/hsa-miR~-150-5p, hsa-miR-485-
Sp/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-S16b-5p/hsa-let-7g-5p, hsa-nuR-
30¢-Sp/hsa~-miR-16-5p, hsa-miR-~516b-5p/hsa-miR-423-5p, hsa-miR-30c¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-muR-30e-3p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-fet-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa-nuR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-let-
7a-5p, hsa~-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa~-miR-23a-3p/hesa-miR-30a-5p, hsa-miR-433-3p/hsa~-miR-345-5p, hsa-miR-
S16b-5p/hsa-tet-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, haa-miR-4433b-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa~miR-
191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-nmiR-516b-
Sp/hsa-miR-10b-5p, hsa-miR~-435-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-
484, hsa-miR-516b-Sp/hsa-let-71-Sp, hsa-miR-23a-3p/hsa-miR-181a-Sp, hsa-miR-7-Sp/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa~-miR-~485-5p, hsa-miR-~155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-

485-Sp/hsa~-miR-127-3p, hsa-miR-320b/hsa-miR~-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
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miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-
320a, hsa-miR-516b-Sp/hsa-miR-744-5p, hsa-miR-30¢-5p/hsa-miR-186-5p, hsa-miR-516b-
Sp/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR~93-5p, hsa-miR-~127-3p/hsa-miR-485-5p, hsa-
miR-155-5p/hsa-miR-451a, hsa-miR-30c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, bsa~miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-374b-5p/hsa-miR-8&5-
3p, hsa-miR-5106b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-S16b-3p, hsa-miR-~125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, bsa~-miR-501-3p/hsa-miR-485-5p, bsa-miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-5p, hsa~-miR-516b-Sp/hsa~-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-let-7i-5p, hsa-nuR-
S16b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-~146b-5p/hsa-miR-485-5p,
hsa-miR-760/hsa~-miR-378g, hsa-miR-3615/hsa-niR-485-Sp, hsa-miR-140-3p/hsa-nuR-485-5p,
hsa-miR-30c-Sp/hsa~miR-125a-5p, bsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5p/hsa~-miR-485-
5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

(002231 In some embodiments, a method described herein comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-miR-423-5p and at
feast one biomarker pair selected from the group consisting of hsa-miR-140-3p/hsa~-miR-516b-
5p, hsa~-miR-155-5p/hsa-miR-625-3p, hsa-miR-30¢-Sp/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-
miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa~-miR-30¢-
Sp/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-
miR-485-5p/hsa~-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p,
hsa-miR-30c-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30¢c-Sp/hsa-miR-
30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-Sp/hsa~-miR-516b-5p, hsa-miR-155-
Sp/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-
miR-516b-5p/hsa-miR-~-103a-3p, hsa-miR-516b-Sp/hsa-miR-~126-3p, hsa-miR-~99b-3p/hsa~-miR-
486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa~-miR-485-5p, hsa~-miR-23a-3p/hsa-
miR-27b-3p, hsa-miR-516b-Sp/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-
516b-Sp/hsa-tet-7a-5p, hsa-miR-30¢-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-
miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-

Sp, hsa-miR-~516b-5p/hsa-let-71-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-
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miR-185-5p, hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa-mik-
S16b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-Sp/hsa-miR-516b-5p,
hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-
485-Sp, hsa-miR-99b-3p/hsa-nuR-6852-5p, hsa-miR-363-3p/hisa-niR-485-5p, hsa-nuR-516b-
Sp/hsa-miR~484, hsa-miR-~516b-Sp/hsa-let-71-5p, hsa-miR-23a-3p/hsa-miR-~181a-5p, hsa-miR-7-
Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa-miR-485-5p,
hsa~miR-155-5p/hsa-miR-30a-5p, hsa-miR-155-Sp/hsa-let-71-5p, hsa-miR-~98-5p/hsa-miR-485-
Sp, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-
miR-25-3p, hsa~-miR-~516b-Sp/hsa-miR-148a-3p, hsa-miR-516b-5p/hea-miR-128-3p, hsa-miR-
516b-5Sp/hsa~-miR-320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-5p/hsa~miR-180-5p,
hsa~-nmiR-516b-Sp/hsa-miR-629-5p, hsa-nmuR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-nuR-
485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa~-miR-30¢-5p/hsa-miR-26b-5p, hsa-mR~-4732-
3p/hsa-miR-316b-5p, hsa-miR-7-Sp/hsa-miR-94 1, hsa-miR-451a/hsa-niR-485-5p, hsa-miR-
374b-Sp/hsa~-miR-885-3p, hsa~-miR-516b-Sp/hsa~-miR-1307-3p, hsa-miR-~516b-Sp/hsa-miR-30d-
5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa~-miR-~26b-3p/hsa~-miR-485-5p, hsa~miR-30¢c-Sp/hsa-miR-~-99a-5p, hsa-
miR-516b-Sp/hsa-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR~146b-5p, haa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-
miR-30¢-Sp/hsa-let-7i-5p, hsa-nmiR-516b-Sp/hsa-miR-425-5p, hsa-nmiR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-Sp, hsa-miR-378¢/hsa-mik-
148a~5p, hsa-let-7b-Sp/hsa~-miR-485-5p, hsa-nmuR-516b-Sp/hisa~-miR-1406a-5p, and hsa-miR-
516b-5p/hsa-miR-451a.

(002241 In some embodiments, a method described herein comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-riR-155-5p/ hsa-let-7i-3p and at least
one biomarker pair selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5Sp,
hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c¢-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-
516b-5p, hea-miR~484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-70-5p, hsa~-miR-30c-5p/hsa-
miR-7-5p, hsa-miR-516b-Sp/hsa-miR-486-5p, hsa-miR-516b-Sp/hsa-miR-150-5p, hsa-miR-485-
Sp/hsa-miR-516b-5p, hsa-nuR-7-5p/hsa-miR~-435-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa~miR-
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30c-5p/hsa-miR-16-5p, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30c-5p/hsa-miR-30a-5p,
hsa~-nmiR-516b-Sp/hsa-miR-92a-3p, hsa-miR-186-Sp/hsa-miR-516b-Sp, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-516b-5Sp/hsa-miR-126-3p, hsa-muR-99b-3p/hsa-miR-486-3p, hsa-
miR-0741-5p/hsa~-miR-760, hsa-miR-20a-Sp/hsa~-miR-485-5p, hsa~-miR-23a-3p/hsa-miR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-
Ta-Sp, hsa-miR-~30¢-5p/hsa~riR-27a-3p, hsa-tnR~-485-5Sp/hsa-miR-~7-5p, hsa~-nmuR-516b-Sp/hsa-
miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-
516b-Sp/hsa-tet-7H-Sp, hsa-miR-485-5Sp/hsa~-miR-183-5p, hsa~-miR-516b-Sp/hsa~-miR-185-5p,
hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-~4433b-5p/hsa~-miR-516b-5p, hsa-miR-516b-5p/hsa~-miR-
191-5p, hsa~-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-miR-516b-
Sp/hsa-miR-~10b-5p, hsa-miR-485-5p/hsa~-miR-27a-3p, hsa-iR-9%9a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-
484, hsa~-miR-516b-Sp/hsa-let-7i-5p, hsa~miR-23a-3p/hsa-muR-181a-5p, hsa-muR-7-5p/hsa-miR-
516b-5p, hsa-nmiR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa-miR-485-5p, hsa-miR-155-
Sp/hsa-miR-30a-5p, bsa~-ruiR-155-5p/hsa-let-71-Sp, hsa-miR-98-Sp/hsa-miR-485-5p, hsa-miR~
485-5p/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-Sp/hsa-niR-148a-3p, hsa-miR-S16b-5p/hsa-miR-128-3p, hsa-miR-510b-5p/hsa-miR-
320a, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-miR-30c-Sp/hsa~-miR-186-5p, hsa~-miR-516b-
Sp/hsa-miR-029-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-
miR-155-5p/hsa~-miR-451a, hsa-miR-30c-Sp/hsa~-miR-20b-5p, hsa-miR-4732-3p/hsa-miR-516b-
5p, hsa~-miR-7-5p/hsa-miR-94 1, hsa-muR-451a/hsa-nuR-485-5p, hsa-miR-374b-5Sp/hsa-niR-885-
3p, bsa~-miR-S16b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR-425-3p, hsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-Sp, hsa-miR-516b-5p/hsa~-miR-127-
3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-
485-Sp, hsa-miR-516b-Sp/hsa-miR-423-3p, hsa-miR-516b-Sp/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR~92b-5p, hsa-miR-4443/hsa-miR-485-5p, hsa-miR-30¢-3p/hsa-fet-7i-5p, hsa-miR-
S16b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-Sp,
hsa-miR-700/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa~miR-140-3p/hsa-miR-485-5p,
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hsa-miR-30¢c-5p/hsa-miR-125a-5p, hsa-miR-378¢/hsa-miR-148a-5p, hsa-let-7b-5Sp/hsa-miR-485-

Sp, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-516b-5p/hsa-miR-451a.

1002251 In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-5p/hsa-let-7b-5p and at feast
one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-nmiR-30¢-5p, hsa-
miR-1-3p, hsa~miR-331-3p, hsa~-miR-485-5p, hsa-miR-~-181d-5p, hsa-miR-~23a-3p, hsa-miR-
3784, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-
Sp, hsa-miR~1273h-3p, bsa~miR-18a-3p, hsa-tiR~4746-5p, hsa-miR-27a-5p, hsa-miR~654-3p,

hsa-miR-7-5p, and hsa-miR-941.

(0062261 In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-516b-Sp/hsa-miR-423-5p and at
feast one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa~-miR-30¢-5p,
hsa~-nmiR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-nmiR-181d-5p, hsa-nuR-23a-3p, hsa-miR-
378d, hsa-miR-155-5p, bsa~-miR-99b-3p, hsa~miR-1249-3p, hsa~-miR-142-3p, hsa~-miR-4433b-
Sp, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p, hsa-miR-654-3p,

hea-miR-7-5p, and hsa-miR-941

[002271  To some embodiments, a method described herein coroprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-155-5p/ hsa-let-71-Sp and at least
one biomarker selected from the group consisting of hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-
miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-~
3784, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-
5p, bsa~miR-1273h-3p, hsa-miR-~18a-3p, hsa~-miR-4746-5p, hsa-miR-273-5p, hsa~-miR-654-3p,

hsa-miR-7-5p, and hsa-miR-941.

[002281  In one aspect, the invention provides a method of determining a pregnant female’s
risk of developing placental dysfunction comprising producing labeled and/or amplified nucleic
acid molecules selected from the group consisting of hsa-miR-30c-5p, hsa-miR-6842-3p, hsa-
miR-485-5p, hsa-nuR-331-3p, hsa-miR-517a-3p-hsa-nuR-517b-3p, hsa-nuR-516b-5Sp, hsa-miR-
760, hsa-miR-6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-~181d-5p,

and hsa-miR-4446-3p. In some embodiments, a method described herein comprises producing
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iabeled and/or amplified nucleic acid molecules that correspond to at least one, at feast two, at
teast three, at least four, at least five, at least six, at least seven, at least eight, at least nine, at
feast ten, at least eleven, at least twelve, or at feast 13 of the nucleic acid molecules selected from
the group consisting of hsa-miR-30¢-Sp, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p,
hsa-miR-~517a-3p-hsa-miR-~-517b-3p, hsa-miR~516b-5p, hsa-miR-760, hsa-miR~-6852-5p, hsa-

miR-1323, hsa-miR-~155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

(002291 In some embodiments, a method described herein comprises producing fabeled and/or
amplified nucleic acid molecules that corresponds to hsa~muR-30¢-5p. In some embodiments, a
method described herein comprises hsa-miR-6842-3p. In some embodiments, a method
described herein comprises hsa-miR-485-5p. In some embodiments, a method described herein
comprises hsa-miR-331-3p. In some embodiments, a method described herein comprises hsa-
mik-517a-3p-hsa-miR-517b-3p. In some embodiments, a method described herein comprises
hsa-miR-516b-5p. In some embodiments, a method described herein comprises hsa-miR-760. In
some embaodiments, a method described herein comprises hsa-miR-6852-5p. In some
embodiments, a method described herein comprises hsa-miR-1323. In some embodiments, a
method described herein comprises hsa-miR-155-5p. In some embodiments, a method described
herein comprises hsa~-miR-0747-3p. In some embodiments, a method described herein
comprises hsa-miR-181d-5p. In some embodiments, a method described herein comprises hsa-

nmiR-4446-3p.

(002301  In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond 10 hsa-miR-485-5p and at least one biomarker
selected from the group consisting of hsa-miR-7-Sp, hsa-miR-501-3p, hsa-miR-363-3p, hsa-miR-

182-5p, hsa~-miR-127-3p, hsa~-miR-140-3p, hsa~-miR-26b-5p.

[00231] In some embodiments, a method described herein comprises producing labeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-485-5p and at least one pair
biomarkers selected from the group counsisting of hsa-miR-27b-3p, hsa-let-71-5p, bsa-riR-9%-

5p, hsa~miR-409-3p.
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(002321 In some embodiments, a method described herein comprises producing fabeled and/or
amplified nucleic acid molecules that correspond to hsa-miR-485-5p and two or more

biomarkers selected from Table 5.

[006233] In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained

between 17 and 28 weeks of gestational age at blood draw.

(002341 o some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological sample is obtained

between 19 and 27 weeks of gestational age at blood draw.

(002351 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dvsfunction, wherein the biological sample is obtained

between 17 and 36 weeks of gestational age at blood draw.

[00236]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biological saruple 13 obtained
more than 17 more than 18, more than 19, more than 20, more than 21, more than 22, more than
23, more than 24, more than 25, more than 26, more than 27, more than 28, more than 29, more
than 30, more than 31, more than 32, more than 33, more than 34, or more than 35 weeks of

gestational age at blood draw.

[00237]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction, wherein the biclogical sample 13 obtained
between 119-153 davs, 154-196 days, and/or 119-202 days.

[00238] In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising measuring the amount
of two or more of the nuclete acid biomarkers selected from the group consisting of hsa-miR-
516b-5p, hsa-nmiR-30c-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-miRk-181d-5p,
hsa~miR-23a-3p, bsa-miR-378d, hsa-mR-~155-5p, hsa-riR-99b-3p, hsa-miR-1249-3p, hsa-miR-
142-3p, bsa~-miR-4433b-5p, hsa-miR-1273b-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-

27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941 in a biological sample obtained from
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the pregnant female, calculating a risk score based upon the measured amounts of the nucleic
acid biomarkers to determine the pregnant ferale’s risk of developing placental dysfunction, and
providing a score corresponding to the pregnant female’s risk of developing placental

dysfunction.

[00239]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
two or more of the nucleic acid biomarkers selected from the group consisting of hsa-miR-1-3p,

hsa~miR-181d-5p, hsa~-miR-3784d, hsa~-miR-4433b-5p, and hsa-miR-27a-5p.

[00240]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleic acid biomarkers selected from the group consisting of

hsa-miR-516b-5p and hsa-miR-30¢-5p.

(002411 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleie acid biomarkers selected from the group consisting of

hsa-miR-516b-5p, hsa-miR-30c-5p, hsa-miR-1-3p, and hsa-miR-331-3p.

(002421 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of two or more of the nucleic actd biomarkers selected from the group consisting of
hsa~-nmuiR-516b-5p, hsa-miR-30¢-5p, hsa-nmiR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and hsa-
miR-181d-5p.

(002431  In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction comprising measuring the amount of nucleic acid
molecules selected from the group consisting of hsa~miR-30¢-Sp, hsa-miR-6842-3p, hsa-miR-
485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760,
hsa~miR-6852-5p, hsa~-miR-1323, hsa-miR-155-5p, hsa~-miR-0747-3p, hsa-miR-1814-5p, and
hsa-miR-4446-3p in a biological sample obtained from the pregnant female, calculating a risk

score based upon the measured amounts of the nucleic acid biomarkers to determine the pregnant
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female’s risk of developing placental dysfunction, and providing a score corresponding to the
pregnant fomale’s risk of developing placental dysfunction. In some embeodiments, a method
described herein comprises measuring the amount of at least oneg, at least two, at least three, at
least four, at least five, at least six, at least seven, at least eight, at least nine, at least ten, at least
eleven, at feast twelve, or at least 13 nucleic acid molecules selected from the group consisting of
hsa-miR-30¢c-5p, hsa-miR-06842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-
wiR-517b-3p, bsa-miR-516b-5p, hsa-miR-760, hsa-roiR-6852-5p, hsa-miR-1323, hsa-miR-155-
Sp, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

[00244] In some embodiments, a method for determining a pregnant female’s risk of
developing placental dysfunction comprises measuring a nucleic acid molecule that corresponds
to hsa-miR-30c-5p. In some embodiments, a method described herein comprises hsa-miR-6842-
3p. In some embodiments, a method described herein comprises hsa-miR-485-5p. In some
embodiments, a method described herein comprises hsa-miR-331-3p. In some embodiments, a
method described herein comprises hsa-miR-517a-3p-hsa-miR-517b-3p. In some embodiments,
a method described herein comprises hsa-miR-516b-5p. In some embodiments, a method
described herein comprises hsa-miR-760. In some embodiments, a method described herein
comprises hsa~-miR-6852-5p. Io some embodiments, a method described herein comprises hsa-
miR-1323. In some embodiments, a method described herein comprises hsa-miR-155-5p. In
some embodiments, a method described herein comprises hsa-miR-6747-3p. In some
embodiments, a method described herein comprises hsa-miR~181d-5p. In some embodiuments, a

method described herein comprises hsa-miR-4446-3p.

(002451 In some embodiments, a method described herein comprises measuring nucleic acid
molecules that correspond  to hsa~-miR-485-5p and at least one biomarker selected from the
group consisting of hsa-miR-7-5p, hsa-miR-501-3p, hsa-miR-363-3p, hsa-miR-182-5p, hsa-mik-

127-3p, hsa~-miR-~140-3p, hsa-miR-26b-Sp.

(002461 In some embodiments, a method described herein comprises measuring nucleic acid
molecules that correspond 10 hsa-miR-485-5p and at least one pair biomarkers selected from the

group consisting of hsa~-miR-27b-3p, hsa-let-7i-5p, hsa-miR-99a-5p, hsa-miR-409-3p.
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(002471 In some embodiments, a method described herein comprises measuring nucleic acid
molecules that correspond  to hsa-miR-485-5p and two or more biomarkers selected trom Table

5.

[00248] In one aspect, the invention provides a method of determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising producing labeled
and/or amplified nucleic acid roolecules, for example, amplified labeled nucleic acid molecules,
that correspond to two or more of the nucleic acid biomarkers selected from the group consisting
of hsa~-miR-S16b-5p, hsa~-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-
miR-181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-miR-
1249-3p, hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-nmiR-
4746-5p, hsa-miR-27a-5p, hsa~-miR-054-3p, hsa-miR-7-5p, and hsa-miR-941 in a biclogical
sample obtained from the pregnant female; measuring the levels of expression of the labeled
and/or amplified nucleic acid molecules; calculating a risk score based upon the measured levels
of the labeled and/or amplified nucleic acid molecules to determine the pregnant female’s risk of

developing placental dysfunction.

(002491 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
tabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa~-miR-1-3p, hsa-miR-~181d-5p, hsa-miR-3784d, hsa-miR-4433b-

5p, and/or hsa-miR-27a-5p.

[00250]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid

molecules, that correspond to hsa~-miR-516b-Sp and/or hsa~-muR-30¢-5p.

[00251]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
labeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, and/or hsa-

mik-331-3p.
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(002521 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dystunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplitied labeled nucleic acid
molecules, that correspond tohsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, and/or hsa-miR-

331-3p.

[002531 o one aspect, the tnvention provides a method for deterrvining a pregoaot female’s
risk of developing placental dystunction later in the pregnancy comprising measuring the amount
of a pair of biomarkers selected from the group consisting of hsa~-nmiR-140-3p/hsa~-miR-516b-5p,
hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-
516b-Sp, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7b-3p, hsa-miR-30¢-5p/hsa-
miR-7-5p, hsa~-miR-516b-5p/hsa~-miR-486-5p, hsa-miR-516b-5p/hsa-miR~-150-5p, hsa-miR-485-
Sp/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-S16b-5p/hsa-let-7g-5p, hsa-nuR-
30¢c-Sp/hsa~-miR-16-5p, hsa-miR-~516b-5p/hsa-miR-423-5p, hsa-miR-30¢-5p/hsa-miR-30a-5p,
hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR-27b-3p, hsa-muR-30e-3p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-fet-7d-5p, hsa-miR-516b-
Sp/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-
miR-6741-5p/hsa-miR-760, hsa~-miR-20a-5p/hsa-miR~-485-5p, hsa-miR-23a-3p/hsa~-miR-27b-3p,
hsa-miR-516b-5p/hsa-miR-151a-3p, hsa-miR-30a-5p/hsa-miR-485-5p, hsa-miR-516b-5Sp/hsa-let-

~
/
i

a~5p, hsa-miR-30¢-Sp/hsa-miR-27a-3p, hsa-nmiR-485-5p/hsa-miR-7-Sp, hsa-miR-516b-5p/hsa-
miR-222-3p, hsa~-miR-23a-3p/hesa-miR-30a-5p, hsa-miR-433-3p/hsa~-miR-345-5p, hsa-miR-
S16b-5p/hsa-tet-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p,
hsa-let-71-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa~-miR-516b-5p/hsa-miR-
191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-nmiR-516b-
Sp/hsa-miR-10b-5p, hsa-miR~-435-5p/hsa-miR-27a-3p, hsa-miR-99a-5p/hsa-miR-485-5p, hsa-
miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-
484, hsa-miR-516b-Sp/hsa-let-7i-5p, hsa-miR-~23a-3p/hsa-roiR-181a-Sp, hsa-miR-7-Sp/hsa~-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-181a-5p/hsa~-miR-~485-5p, hsa-miR-~155-
Sp/hsa-miR-30a-5p, hsa-miR-155-5p/hsa-let-71-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-
485-Sp/hsa~-miR-127-3p, hsa-miR-320b/hsa-miR~-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-
miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-Sp/hsa-miR-128-3p, hsa-miR-516b-Sp/hsa-miR-
320a, hsa~-miR-516b-Sp/hsa~-miR-744-5p, hsa~-miR-30c-5p/hsa-miR-~-186-5p, hsa-miR-516b-
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Sp/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-
miR-155-Sp/hsa-miR-451a, hsa-miR-30¢-Sp/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-
Sp, hsa-miR-~7-5p/hsa-miR-941, hsa-miR-451a/bsa~-miR-485-5p, hsa~-miR-374b-5p/hsa-miR-885-
3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-
Sp/hsa-miR~-425-3p, hsa-miR~501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-
miR-26b-5p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-
3p, hsa-miR-~501-3p/hsa-miR-~485-5p, hsa-miR-30¢-5p/hsa-miR-451a, hsa-muR-21-5p/hsa-roiR-
485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-
Sp/hsa-miR-92b-5p, hsa-miR-4443/hsa~miR-485-5p, hsa-nuR-30¢c-5p/hsa-tet-7i-Sp, hsa-miR-
516b-5Sp/hsa~miR-425-5p, hsa-miR-516b-5p/hsa~-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p,
hsa~-nmiR-760/hsa-miR-378¢, hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p,
hsa-miR-30c-5p/hsa~-miR-125a-5p, hsa~-miR-378¢/hsa-miR-~148a-5p, hsa-let-7b-5p/hsa-miR-485-
5p, hsa~-miR-516b-5p/hsa-miR-146a-5p, and hsa-nuR-516b-Sp/hsa-miR-451a 1n a biological
sample obtained fror the preguant female, calculating a risk score based upon the measured
amounts of the nucleic acid biomarker pair to determine the pregnant female’s risk of developing
placental dysfunction, and providing a score corresponding to the pregnant female’s risk of

developing placental dysfunction.

(002541 In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers that correspond to hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-
miR-516b-5p/hsa-miR-150-5p, hsa-miR-30¢-Sp/hsa-miR-16-5p, hsa-miR-30c-Sp/hsa-nuR-30a-
Sp, hsa-miR-~-516b-5p/hsa-miR-92a-3p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-
miR-516b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-Sp/hsa-miR-103a-3p, hsa-miR-
23a~3p/hsa-miR~27b-3p, bsa-rR-30a-Sp/hsa~-miR-485-5p, hsa~-miR-516b-Sp/hsa-let-7a-5p, hsa~
miR-516b-Sp/hsa-miR-222-3p, hsa-miR-516b-Sp/hsa-let-7{-5p, hsa-miR-485-5p/hsa-miR-183-
Sp, hsa-miR~4433b-5p/hsa~-miR-316b-5p, hsa-miR-516b-5p/hsa-miR-~10b-5p, hsa-miR-516b-
Sp/hsa-miR-328-3p, hsa-miR-155-5p/hsa~-miR-30a-Sp, hsa-miR-516b-5p/hsa-miR-~128-3p, hsa-
miR-516b-Sp/hisa-nuiR-744-5p, hsa-nmiR-516b-Sp/hsa-nuR-629-5p, hsa-miR-23a-3p/hsa-miR-93-
5p, bsa~miR-3605-5p/hsa-miR-425-3p, hsa~-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-

miR-24-3p, and/or hsa-miR-378¢/hsa-miR-148a-5p.
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[002551  In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers that correspond to hsa-miR-140-3p/hsa-miR-516b-5p, hsa-
miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa-nuR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-

5p, and/or hsa~-miR-484/hsa-miR-516b-5p.

(002561 In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers that correspound to hsa~-miR-140-3p/hsa-rR-516b-5p, hsa-
miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-
5p, hsa~-miR-484/hsa-nuR-516b-Sp, hsa-miR-516b-Sp/hsa-let-Tb-5p, and/or hsa-miR-30c¢-5p/hsa-

miR-7-5p.

(002571 In some embodiments, the invention provides a method for determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising measuring
the amount of a pair of biomarkers that correspound to hsa~-miR-140-3p/hsa-rR-516b-5p, hsa-
miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-
5p, bsa~miR-484/hsa-miR-516b-5p, hsa-miR-316b-Sp/hsa-let-7Tb-5p, bsa-roiR-30¢-Sp/hsa~-miR-
7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-510b-5p/hsa-miR-150-5p, and/or hsa-miR-
485-5p/hsa-miR-516b-5p.

(002581 In one aspect, the invention provides a method for determining a pregnant female’s
risk of developing placental dysfunction later in the pregnancy comprising producing labeled
and/or amplified nucleic acid molecules, for example, amphified labeled nucleic acid molecules,
that correspond to a pair of biomarkers selected from the group counsisting hsa~-miR-140-3p/hsa-
miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-30c-Sp/hsa-miR-27b-3p, hsa-miR-25-
Sp/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-tet-7b-5p, hsa-miR-
30c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p, hsa-miR-5106b-5p/hsa-miR-150-5p,
hea-miR~-485-5p/hsa~-miR~516b-5p, hsa-miR-~7-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-
5p, hsa~miR-30c-5p/hsa-miR-~16-5p, hsa~-miR-516b-5p/hsa~-miR-423-5p, hsa-miR-30c-5p/hsa-
mik-30a-Sp, hsa-miR-5316b-Sp/hsa-miR-92a-3p, hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-

155-5p/hsa~-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa~-miR-516b-Sp/hsa-let-7d-5p,
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hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-
miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-
3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa~-miR-151a-3p, hsa-miR-30a-5Sp/hsa-miR-485-5p, hsa-
miR-516b-Sp/hsa-let-7a-5p, hsa-nmuR-30c-Sp/hsa-miR-27a-3p, hsa-nuR-485-5p/hsa-miR-7-5p,
hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa~-miR-30a-5p, hsa-miR~-433-3p/hsa-miR-
345-5p, hsa-miR-516b-5p/hsa-let-71-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-516b-
Sp/hsa-miR-185-5p, hsa-let-Ti-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-516b-5p, hsa~
miR-516b-5p/hsa-miR-191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa-miR-
516b-5p, hsa-miR-516b-Sp/hsa~-miR-10b-5p, hsa-miR-485-Sp/hsa-miR-27a-3p, bsa-miR-9%-
Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-0852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-nuR-516b-Sp/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR~181a-Sp/hsa-mik-
485-Sp, hsa-miR-155-Sp/hsa-nuR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-Sp/hsa-
miR-485-5p, hsa-miR-485-Sp/hsa-miR-127-3p, hsa-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa~-miR-S16b-5p/hsa-riR-744-5p, hsa~-miR-30¢-Sp/hsa-nuR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
miR-485-5p, hsa-miR-~155-5p/hsa-miR-451a, hsa-miR-30¢c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa~-miR-451a/hsa~-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-Sp/hsa~miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-nuR-330-5p/hisa-miR-92b-5p, hsa-miR-4443/hsa~-miR-485-Sp, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR~140-3p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378¢c/hsa-miR-
148a-5p, hsa-tet-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
S16b-5p/hsa-miR-451a in a biological sample obtained from the pregnant female; measuring the

levels of expression of the labeled and/or amplified nucleic acid molecules; calculating a risk
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score based upon the measured levels of the labeled and/or amplified nucleic acid molecules to
determine the pregonant female’s risk of developing placental dysfunction. in a biological sample
obtained from the pregnant female; measuring the levels of expression of the labeled and/or
amplified nucleic acid molecules, for example, amplified labeled nucleic acid molecules;
calculating a risk score based upon the measured levels of the labeled and/or amplified nucleic
acid molecules, for example, amplified labeled nucleic acid molecules, to determine the pregnant
female’s risk of developing placental dystunction. In some embodiments, the method further
comprises the step of providing a score corresponding to the pregnant female’s risk of

developing placental dysfunction.

[00259]  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
tabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa~-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-~150-
Sp, hsa-miR-30¢c-5p/hsa-miR-16-5p, hsa-miR-30c-5p/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-
miR-92a-3p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa~-miR-
516b-5p/hsa-let-7d-5p, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-nuR-27b-3p,
hsa~miR-30a~-5p/hsa-miR-~485-5p, hsa-miR-516b-Sp/hsa-let-7Ta-Sp, hsa-miR-~-516b-5p/hsa-miR-
222-3p, bsa~-miR-510b-5p/hsa-fet-7{-5p, hsa-miR-485-5p/bsa-miR-183-5p, hsa-miR-4433b-
Sp/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-516b-5p/hsa-miR-328-3p,
hsa-miR-~155-5p/hsa~-miR-30a-5p, hsa~-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-
miR-744-5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-
3605-5p/hsa-miR~425-3p, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa~-miR-24-3p,
and/or hsa-miR-378¢/hsa-miR-148a-5p.

(002601  In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dysfunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-nuR-140-3p/hsa-miR-516b-5p, hsa-niR-155-5p/hsa-miR-625-
3p, hsa-miR-~30c-5p/hsa-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-516b-5p, and/or hsa~-miR-
484/hsa-miR-516b-5p.
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(002611 In some embodiments, the invention provides a method of determining a pregnant
female’s risk of developing placental dystunction later in the pregnancy comprising producing
fabeled and/or amplified nucleic acid molecules, for example, amplitied labeled nucleic acid
molecules, that correspond to hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-
3p, bsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/bsa-miR-516b-5p, hsa-miR-484/hsa-miR-

516b-5p, hsa-nmiR-516b-5p/hsa-let-7b-5p, and/or hsa-miR-30c-Sp/hsa-miR-7-5p.

(002621 In some embodiments, the invention provides a method of determining a pregnant
femnale’s risk of developing placental dystunction later 1o the pregoancy comprising producing
labeled and/or amplified nucleic acid molecules, for example, amplified labeled nucleic acid
molecules, that correspond to hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-
3p, bsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/bsa-miR-516b-5p, hsa-miR-484/hsa-miR-
S16b-5p, hsa-miR-516b-3p/hsa-let-7b-5p, hsa-miR-30¢-5p/hsa-miR-7-Sp, hsa-miR-516b-Sp/hsa-
miR-486-5p, haa~-miR-516b-5p/hsa-miR-150-5p, and/or hsa~-miR-485-5p/hsa~miR-510b-5p.

[00263] In one aspect, the tnvention provides a method for treating or preventing placental
dysfunction in a pregnant female, the method comprising {a) detecting a panel of isolated nucleic
actd biomarkers 1n a biological sample obtained from a pregnaunt fernale, wherein at least one of
the 1solated nucleic acid biomarkers 1s selected from the group consisting of hsa-miR-30¢-5p,
hsa~-nmiR-6842-3p, hsa-miR-485-Sp, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-
miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-
3p, hsa-miR-181d-5p, and hsa-miR-4446-3p; (b} calculating a risk score based upon the
measured fevels of the 1solated nucleic acid biomarkers; and (¢} administering one or more
therapies to the pregnant female based on the risk score, to treat or prevent placental dystunction.
In some embodiments, a method described herein comprises detecting at least one, at least two,
at least three, at least four, at least five, at least six, at least seven, at least eight, at ieast nine, at
least ten, at least eleven, at least twelve, or at least 13 of the nudleic acid molecules selected from
the group consisting of hsa-miR-30c-5p, hsa-miR-06842-3p, hsa-niR-485-5p, hsa-miR-331-3p,
hsa~-niR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, hsa-
miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa~-miR-181d-5p, and hsa-miR-4446-3p.
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1002641 in some embodiments, a method described herein comprises detecting a nucleic
acid molecule that corresponds to hsa-miR-30¢-Sp. In some embodiments, a method described
herein comprises hsa-miR-0842-3p. In some embodiments, a method described herein
comprises hsa-miR-485-Sp. In some embodiments, a method described herein comprises hsa-
miR-331-3p. In some embodiments, a method described herein comprises hsa-miR-517a-3p-
hsa-miR-517b-3p. In some embodiments, a method described herein comprises hsa-miR-516b-
Sp. In some embodiments, a method described herein comprises hsa-miR-760. In some
embodiments, a method described herein comprises hsa-miR-6852-5p. In some embodiments, a
method described herein comprises hsa-miR-~1323. In some erobodiments, a method described
herein comprises hsa-miR-155-5p. In some embodiments, a method described herein comprises
hsa~-nmiR-6747-3p. In some embodiments, a method described herein comprises hsa-nuR-181d-

Sp. In some embodiments, a method described herein comprises hsa-miR-~-4446-3p.

[00265] In some embodiments, a method described herein comprises detecting a nucleic
acid molecule that corresponds to hsa-miR-485-5p and at least one biomarker selected from the
group consisting of hsa-miR-7-5p, hsa-miR-~501-3p, hsa-tuiR-363-3p, hsa-miR-182-5p, hea-miR-

127-3p, hsa-miR-140-3p, hsa-miR-26b-5p.

100266 in some embodiments, a method described herein comprises detecting a nucleic
acid molecule that corresponds to a nucleie acid molecule that corresponds to hsa-miR-485-5p
and at least one pair biomarkers selected from the group consisting of hsa-miR-27b-3p, hsa-let-

~
/
i

i-5p, hsa~-miR-9%a-5p, hsa-miR-409-3p.

(002671 In some embodiments, a method described herein comprises detecting a nucleic
actd molecule that corresponds o a nucleic acid molecule that corresponds to hsa-miR-485-5p

and two or more biomarkers selected from Table 5.

(002681 In some embodiments of methods of the invention, the risk score is calculated based
on a ratio of data values. In some embodiments of methods of the invention, data transformation

is applied before or after the ratic is determined.

(062691  The quantitation of biomarkers in a biological sample can be determined, without

Himitation, by the methods described above as well as any other method known in the art. The
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quantitative data thus obtained is then subjected to an analytic classification process. Insuch a
process, the raw data s manipulated according to an algorithm, where the algorithm has been
pre-defined by a training set of data, for example as described in the examples provided herein,

An algorithin can utilize the training set of data provided herein, or can utilize the guidelines

o0

[002701  An analytic classification process can use any one of a variety of statistical analytic
methods to manipulate the quantitative data and provide for classification of the sample.
Examples of useful methods include Iinear discriminant analysis, recursive feature elimination, a
prediction analysis of microarray, a logistic regression, a CART algorithm, a FlexTree algorithm,
a LART algorithm, a random forest algorithm, a MART algorithm, machine learning algorithms;

etc.

(002711 Classification can be made according to predictive modeling methods that set a
threshold for determining the probability that a sample belongs to a given class. The probability
preterably is at least 50%, or at least 60%, or at least 70%, or at least 80% or higher.
Classifications also can be made by determining whether a comparison between an obtained
dataset and a reference dataset yields a statistically significant difference. If so, then the sample
from which the dataset was obtained is classified as not belonging to the reference dataset class.
Conversely, if such a comparison is not statistically significantly different from the reference
dataset, then the sample from which the dataset was obtained is classified as belonging to the

reference dataset class.

(002721  The predictive ability of 2 model can be evaluated according to its ability to provide a
quality metric, e.g. AURQC {area under the ROC curve} or accuracy, of a particular value, or
range of values. Area under the curve measures are useful for comparing the accuracy of a
classifier across the complete data range. Classifiers with a greater AUC have a greater capacity
to classify unknowns correctly between two groups of interest. In some embodiments, a desired
quality threshold 13 a predictive model that will classify a sample with an accuracy of at least
about 0.5, at least about 0.55, at least about 0.6, at least about 0.7, at least about 0.75, at feast

about 0.8, at least about 0.85, at least about 0.9, at least about 0.95, or higher. As an alternative

measure, a desired guality threshold can refer to 3 predictive model that will classify a sampie
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with an AUC of at least about 0.7, at least about 0.75, at least about 0.8, at least about 0.85, at

teast about 0.9, or higher.

[002731  Asis known in the art, the relative sensitivity and specificity of a predictive model
can be adjusted to favor etther the selectivity metric or the sensitivity metric, where the two
metrics have an inverse relationship. The limits in a model as described above can be adjusted to
provide a selected sensitivity or specificity level, depending ou the particular requirements of the
test being performed. One or both of sensitivity and specificity can be at least about 0.7, at least

about 0.75, at least about 0.8, at least about 0 85, at least about 0.9, or igher.

{00274}  The raw data can be wnitially analyzed by measuring the values for each biomarker,
usually in triplicate or in multiple triplicates. The data can be manipulated, for example, raw data
can be transformed using standard curves, and the average of triplicate measurements used to
calculate the average and standard deviation for each patient. These valugs can be transformed
betore being used in the models, e.g. log-transformed, Box-Cox transformed (Box and Cox,

Royal Stat. Sog., Sertes B, 26:211-246(1964). The data are then wnput into a predictive model,

which will classify the sample according to the state. The resulting information can be

communicated to a patient or health care provider.

(002751 To generate a predictive model for determining the risk of developing placental
dysfunction later in the pregnancy a robust data set, comprising known control samples and
samples corresponding to the birth classification of interest 15 used in a training set. A sample
size can be selected using generally accepted criteria. As discussed above, different statistical

methods can be used to obtain a highly accurate predictive model.

(002761  In one embodiment, hierarchical clustering is performed in the derivation of a
predictive model, where the Pearson correlation 1s employed as the clustering metric. One

approach is to consider a given birth dataset as a “learning sample” in a problem of “supervised

fearning” CART is a standard in applications to medicine (Singer, Recursive Pattiboning in the

Health Sciences, Springer{1999)) and can be moedified by transforming any qualitative features

to quantitative features; sorting them by attained significance levels, evaluated by sample reuse
methods for Hotelling’s T statistic; and suitable application of the lasso method. Problems in

prediction are turned into problems in regression without losing sight of prediction, indeed by
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making suitable use of the Gint criterion for classification in evaluating the quality of

FEgressions.

1002771 This approach led to what is termed FlexTree (Huang, Proc. Nat. Acad. Sci. US A

101:10529-10534{2004}). FlexTree performs very well in simulations and when applied to
multiple forms of data and 15 useful for practicing the claimed methods. Software automating
FlexTree has been developed. Alternatively, LARTree or LART can be used (Turobull (2005)

Classification Trees with Subset Analvsis Selection by the Lasso, Stanford University). The

name reflects binary trees, as in CART and FlexTree; the 1asso, as has been noted; and the
implementation of the lasso through what is termed LARS by Efron e7 al (2004} Annals of

Statistics 32:407-451 (2004). See, also, Huang ef ol Prog Natl. Acad_Sci. USA

101(29):10529-34 (2004}, Other methods of analysis that can be used include logic regression.

One method of logic regression Ruczinski, Journal of Computational and Graphical Statistics

12:475-312 {2003}, Logic regresston resembles CART in that its classifier can be displayed as a
binary tree. It is different in that each node has Boolean statements about features that are more

general than the simple “and” statements produced by CART.

[002781  Another approach 1s that of nearest shrunken centrotds (Tibshirani, Prog, Natl, Acad.

Sci. 1.8.A 99:6567-72(2002)). The technology is k-means-like, but has the advantage that by
shrinking cluster centers, one automatically selects features, as 1s the case in the lasso, to focus
attention on small numbers of those that are informative. The approach ts available as PAM
software and 1s widely used. Two further sets of algorithms that can be used are random forests

{Breiman, Machine Learning 45:5-32 (2001)) and MART (Hastie, The Elements of Statistical

Learning, Springer (2001}). These two methods are known in the art as “committee methods,”

that involve predictors that “vote” ou outcome.

(002791 To provide significance ordering, the false discovery rate (FDR) can be determined.
First, a set of null distributions of dissimilarity values is generated. In one embodiment, the
values of observed profiles are permuted to create a sequence of distributions of correlation
coefticients obtaingd out of chance, thereby creating an appropriate set of null distributions of

correlation coefficients (Tusher ef @, Proc. Natl, Acad_Sci, .S A 98 5116-21 (2001)). The set

of null distribution s obtained by permuting the values of each profile for all available profiles;
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calculating the pair-wise correlation coefficients for all profile; calculating the probability
density function of the correlation coefficients for this permutation; and repeating the procedure
for N times, where N is a large number, usually 300, Using the N distributions, one calculates an
appropriate measure {mean, median, efc ) of the count of correlation coefficient values that their
values exceed the value (of similarity} that is obtained from the distribution of experimentally

observed similarity values at given significance level.

(002801  The FDR is the ratio of the number of the expected falsely significant correlations
{estimated from the correlations greater than this selected Pearson correlation in the set of
randomized data) to the number of correlations greater than this selected Pearson correlation in
the empirical data (significant correlations). This cut-off correlation value can be applied to the
correlations between experimental profiles. Using the aforementioned distribution, a level of
confidence is chosen for significance. This is used to determine the lowest value of the
correlation coefficient that exceeds the result that would have obtained by chance. Using this
method, one obtains thresholds for positive correlation, negative correlation or both. Using this
threshold(s}, the user can filter the observed values of the pair wise correlation coetficients and
eliminate those that do not exceed the threshold(s). Furthermore, an estimate of the false positive
rate can be obtained for a given threshold. For each of the individual “random correlation”
distributions, one can find how many cbservations fall outside the threshold range. This
procedure provides a sequence of counts. The mean and the standard deviation of the sequence

provide the average number of potential false positives and its standard deviation.

[002811  In an alternative analytical approach, variables chosen in the cross-sectional analysis
are separately employed as predictors in a time-to-event analysis (survival analysis), where the
event 18 the occurrence of preterm birth, and subjects with no event are considered censored at
the time of giving birth. Given the specific pregnancy outcome {(preterm birth event or no event),
the random lengths of time each patient will be observed, and selection of proteomic and other
features, a parametric approach to analyzing survival can be better than the widely applied semi-
parametric Cox model. A Weibull parametric fit of survival permits the hazard rate to be
monotonically increasing, decreasing, or constant, and also has a proportional hazards

representation {as does the Cox model) and an accelerated failure-time representation. All the

116



WO 2021/252574 PCT/US2021/036535

standard tools available in obtaining approximate maximum likelihood estimators of regression

coefticients and corresponding functions are available with this model.

(002821  In addition the Cox models can be used, especially since reductions of numbers of
covariates to manageable size with the lasso will significantly simplify the analysis, allowing the
possibility of a nonparametric or semi-parametric approach to prediction of time to preterm birth.
These statistical tools are known in the art and applicable to all manner of proteomic data. A set
of biomarker, clinical and genetic data that can be easily determined, and that is highly
inforrative regarding the probability for preterm birth and predicted time to a preterm birth
event in said pregnant female is provided. Also, algornithms provide information regarding the

probability for preterm birth in the pregnant temale.

(002831  Survival analyses are commonly used to understand time to occurrence of an event of
interest such as birth or death. Commonly, the Kaplan-Meter estimator ts used fo estimate the
survival function, while Cox proportional hazards models are used to estimate the etfects of
covariates on the hazard of event occurrence. These models conventionally assuroe that survival
time is based on risk of exactly one type of event. However a competing risk for a different event
may be present that either hinders the observation of an event of interest or modifies the chance
that this event occurs. Conventional methods may be inappropriate in the presence of competing
risks. Alternative methods appropriate for analysis of competing risks either asses competing
hazards in subdistribution hazards models or cause-specific modified Cox proportional hazards
models; or estimate cumulative incidence over competing events {Jason P. Fine & Robert J.
Gray. Journal of the American Statistical Association Vol 94 | Issue 446,1999. A Proportional

Hazards Model for the Subdistribution of a Competing Risk).

(002841  In the development of a predictive model, it can be desirabie to select a subset of
markers, e, at least 3, at least 4, at least S, at least 6, up to the complete set of markers. Usually
a subset of markers will be chosen that provides for the needs of the quantitative sample analysis,
e.g. availability of reagents, convenience of quantitation, etc., while maiutaining a highly
accurate predictive model. The selection of a number of informative markers for building
classitication models requires the definition of a performance metric and a user-defined threshold

for producing a model with useful predictive ability based on this metric. For example, the
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performance metric can be the AUC, the sensitivity and/or specificity of the prediction as well as

the overall accuracy of the prediction model.

1002851  As will be understood by those skilled in the art, an analytic classification process can
use any one of a varigty of statistical analyiic methods t0 manipulate the quantitative data and
provide for classitication of the sample. Examples of useful methods include, without limnitation,
Hinear discriminant analysis, recursive feature elimination, a prediction analysis of microarray, a
fogistic regression, a CART algorithm, a FlexTree algorithm, a LART algorithm, a random forest
algorithm, a MART algorithm, and machine learning algonithms. Various methods are used ina
training model. The selection of a subset of markers can be for a forward selection or a backward
selection of a marker subset. The number of markers can be selected that will optimize the
performance of a model without the use of all the markers. One way to define the optimum
number of terms 1s to choose the number of terms that produce a model with desired predictive
ability (e.g. an AUC>0.75, or equivalent measures of sensitivity/specificity ) that lies no more
than one standard error from the maximum value obtained for this metric using any combination

and number of terms used for the given algorithm.

002861 The biomarkers of the invention, which have been identified in the wovention
disclosed herein as being useful for predicting placental dystunction, are known in the art and are
readily available in public databases. For example, the human microRNAs disclosed herein as
biomarkers usefud for determining a pregnant female’s risk of developing placental dysfunction
are available in mirBase (mirbase org). The naming convention for microRNAs generally uses
“-“in the name of the microRNA, for example, hsa-miR-423-3p. It is noted that in some
instances herein a shortened nomenclature is used, in which the “-“ is replaced with . such as
“hsa.miR. 423 3p” instead of “hsa~-miR-423-3p.” A person skilled in the art will readily
understand the nomenclature commonly used for microRNAs and will appreciate that the
microRNMNAs disclosed herein are readily available in public databases. Biomarker pairs are
generally denoted herein as a pair separated by a /7, for example, hsa-miR-516b-5p/hsa-miR-

485-5p,

(002871  In vet another aspect, the invention provides kits for determining a pregnant female’s

risk of developing placental dysfunction later in the pregnancy. The kit can include one or more
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agents for detection of biomarkers, a container for holding a biological sample isolated from a
pregnant female; and printed instructions for reacting agents with the biological sample or a
portion of the biclogical sample to detect the presence or amount of the isolated biomarkers in
the biological sample. The agents can be packaged in separate containers. The kit can further

comprise one or more conirol reference samples and reagents for performing an immunoassay.

[002881  The kat can comprise one of more containers for compositions or reagents contained
in the kit. Compositions can be in liguid form or can be lyophilized. Suitable containers for the
compositions include, for example, botiles, vials, syringes, and test tubes. Containers can be
formed from a variety of materials, including glass or plastic. The kit can also comprise a
package insert containing written instructions for methods for determining a pregnant female’s

risk of developing placental dysfunction later in the pregnancy.

[002891  In vet another aspect, the invention provides a method of treating or preventing
placental dysfunction in a pregnant female comprising (a) detecting a paunel of 1solated nucleic
acid biomarkers in a biological sample obtained from a pregnant female, wherein at least ove of
the isolated nucleic acid biomarkers is selected from the group consisting of hsa-miR-30¢-5p,
hea-miR~-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-~
mik-516b-5p, hsa-miR-760, hsa-miR-0852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-
3p, hsa-miR-181d-5p, and hsa-miR-4446-3p; (b) calculating a risk score based upon the
measured levels of the isolated nucleic acid biomarkers; and (¢} administering one or more

therapies to the pregnant female based on the risk score, to treat or prevent placental dysfunction.

[00290]  In some embodiments, the invention provides a method of treating or preventing
placental dystunction wherein at least one of the biomarkers is selected from the group
consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-
6852-5p, and hsa-miR-1323.

[00291]  In some embodiments, the invention provides a method of treating or preventing
placental dysfunction wherein at least one of the biomarkers of hsa-miR-30¢-5p, hsa-miR-485-
5p, hsa~-miR-331-3p, hsa-nuR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-~155-5p,
hsa-miR~6747-3p, hsa-miR-181d-5p, and hsa-miR~4446-3p.
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(002921 In some embodiments, the invention provides a method of treating or preventing
placental dysfunction wherein at least one of the biomarkers hsa-miR-30¢-5p, hsa-nuR-6842-3p,
hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-760, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-
miR-4446-3p.

(002931  In some embodiments, the 1solated nucleic acid biomarkers are normalized. In further
embodiments, normalization comprises a teversal. In some embodiments, the reversal coroprises
an upregulated biomarker and a downregulated biomarker. In some embodiments, the reversal
comprises a numerator and a denonunator. o further embodiments, the downregulated

biomarker is hsa-miR-485-5p. In other embodiments, the denominator 1s hsa-miR-485-5p.

(062941 In some embodiments, the invention provides a method wherein the risk score is

calculated based on the reversal of data values.

(002951 In some embodiments, the method further comprises a step of determining gestational
age at blood draw (GABD). In further embodiments, the method comprises determining GABD
before detecting the biomarker. In some embodiments, GABD is between 119-153 days, 154-

196 days and/or 119-202 days.

[00296]  In some embodiments, the invention provides a method of treating or preventing
placental dysfunction across the full window of gestation. In some embodiments, the full

gestation window of gestation 15 between 119-202 days of gestation,

[00297]  In some embodiments, the invention provides a method of treating or preventing
placental dystunction early in the pregnancy. In some embodiments, early pregnancy is between

119-153 days of gestation.

[00298]1  In some embodiments, the invention provides a method of treating or preventing
placental dysfunction later 1o the pregnancy. In some embodiments, late pregnancy 1s between

154-196 days of gestation.

(002991 Therapies that can be administered to treat or prevent placental dysfunction include
bedrest, steroid 1njection, low~-dose aspinin, statins, metformin, and care management/elevated

care inclusive of serial blood pressure and intensive symptomatic monitoring, and lifestyle and
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behavioral modification. A person skilled in the art can readily contemplate these and/or

additional therapies that can be used to treat or prevent placental dysfunction.

[00300]

EXAMPLES

Example 1: Identification of extracellular micro RINA biomarkers for Identification

of Pregnancies at Risk for Placental Dysfunction

[00301]

This example shows identification of extracellular miRNA biomarkers for prediction

of preeclampsia: placental dysfunction affecting maternal blood pressure and renal, liver and

central nervous system function.

[00302]

[00303]

Study Design

Unblinded samples were used for this discovery study. Additional blinded samples

are reserved for future re~-verification or validation.

[00304]

Maternal serum samples were collected from high-risk and average-risk pregnant

women between 17-28 weeks, for which pregnancy outcomes are known. The sample set

comprised 212 samples, includin

g
!
i

120 days to a maximum of 201 days with a mean of 163.6 days.

3 preeclampsia and 139 vormal. GABD was at a mindroum of

[00305] Table 1. Pre-specified subject classifications
Group | Range Range of | Criterion | Criterip | Criterio | Criterion 4 | Criterion
of GA at | GA at i n2 3 5
draw birth
UCSD 19-27 25-41 New-onset Chronic Chronic New-onset or | New-onsct
cases weeks weeks fwpertension | hypertensi | proteinuria | chronic or chromnic
and new- onand and now- hyperension | proteinuria
onset new-onsct | onsct and new- and new-
proteinunia proteinuria | hypertensi | onset severe onset severe
OR OR on OR feature feature
{clevated {clevated
LFTs, LFTs,

clevated Cr,
fow platelets,
TUGRYOR

clevated Cr,
low
platelets,
HIGR)
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Sera 17 1/7-28 1 25 5/7 - 40 | New-onset Supenmpo Proteinona
PAPR 5/7 weeks | 5/7 hypertension | sed and new-
cases with or preeclamps onset severe
without 1a with or feature
severe without (elevated
features OR | severe 1LFTs,
features, clevated Cr,
OR low platclets,
TUGR}
UCKD §9.27 25-41 No
controfs | weeks weeks hypertensive
disease
Sera 17 8/7-28 §{ 370/7 41
PAPR 5/7 weeks | 4/7 weeks
controls
[00306] Table 2. Sample, maternal, and pregnancy conditions and identifiers
Field Description
Batch Small RNAseq analysis batch
SampleMName Sample Name
GASampleCollection | Gestational Age at Sample Collection
GADelivery Gestational Age at Delivery
BMI First recorded maternal BMI during pregnancy episode
MaternalAge Maternal Age at Delivery
Race Maternal Race (self-reported)
Ethnicity Maternal Hthuicity (self-reported)
Birthweight Burthweight
Gender Fetal sex
BW% Birthweight Percentile {(Calculated using Hadlock and Fenton)
Diagnosis Detailed Placental Dysfunction Diagnosis
Diagnosis simple Simple Placental Dysfunction Diagnosis (Normal, Pree)
Diagnosis_nuld severe | Intermediate Placental Diysfunction Diagnosis (Normal, Pree Miid,
Pree Severe)
Dhagnosis Diabetes Diabetes Diagnosis (No Diabetes, GDM, T2DM, TIDM)
IUGR Birthweight <10 percentile (YES, NO)
[00307] Lab Analysis
[00308]  Total extracellular RNA (exRNA) from each sample was purified and subjected to

small RNA sequencing.

(003091 Total extracellular RNA was purified from 500 ull serum using the miRNeasy micro
kit {(Jiagen), followed by the RNA Clean and Concentrator Kit (Zymo), with a final elution
volume of 12 pul.. 1.2 ul of the resulting exRNA was used to prepare the Small RNAseq

fibrasies using the NEBNext Small RNA Sequencing Library Preparation Kit, using the
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manufacturer’s instruction except for the following: 1. Adapters were diluted 1:6; 2. The
reactions were run at 1/5% volume using a mosquito HTS liquid handler. Up to 384 libraries were
prepared in a given batch (some of the libraries for this project were prepared in the same
batches as other projects), and libraries were multiplexed using the available 48 NEB Small
RINAseq indices. Up to 48 samples were combined per pool, and each pool was size selected
using a Pippin Prep (either 177-180 bp, or 125-160 bp). Samples were sequenced on a HiSeq
4000. Each pool of up to 48 samples was loaded onto its own lane, generating at least 350

million single-end 75 bp reads.

[00310] Data Analysis

[006311] Data preprocessing, including adapter trimming and mapping to miRBase (ref to
miRbase version}, was performed using the ExceRpt pipeline on the Genboree Workbench

{which can be accessed at exRNA org), to yield Raw Count data.

[003121  Further filtering removed individual miRNAs with > 70% missing values. Batch
normalization was carried out using Variance Stabilizing Transformation and Bias Reduction.
The PEER package (Sanger Institute) was run to further to reduce batch effect and amphty
preeclampsia signal. Replicate data was then collapsed to single values. AUCs were generated
with the pROC package, using the Delong and bootstrap methods to establish the counfidence
intervals {Cls). Analysis was performed using R 3.0.3 (Robin et al., BMC bioinformatics 1277

(2011)).

[003131  Univariate miRNA models were fit to the entire GABD dataset range with an
interaction term with GABD to allow for GABD dependence of performance. Univariate models

and bivariate reversals (ratios of miRNAs) were selected by ranking performance.
[00314] Lower 25% DeLong’s CI and AUC for prediction of Preeclampsia was determined.

[00315] Pearson correlation of score with diagnosis of Preeclampsia (1) or not {0) was

determined.

(003161 T-est p-value significance in score between cases and controls was determived.
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[003171 Numeric performance data were converted to ranks, inverted and summed to produce

a final ranking.
1003181  Top ranking reversals may be:

a) Formed into tree-like or additive (lasso) panel hypotheses of robust performance across

multiple weeks.

b Formed into combined protein / RNA hypotheses o the extent that proteomic data are

available in the same samples.

¢) Re-verified or validated as univariate, bivariate and panel hypotheses in a future small

RNA sequencing data set, for example comprising blinded UCSD samples.

[00319]  Table 3. Top-ranked single microRNAs predicting preeclampsia as interaction terms

with GABD

microRNA ;gz;,:g% AUC Carreﬁatian 'E‘f‘iest p- F ingﬁ |
of AUC {R"2) value ranking

hsa-miR-516b-
Sp {0,573 .649 0228 2.67E-03 1
hsa-ouR-~30¢-5p 0.532 0.616 0.21% 4 728-03 2
hsa-miR-1-3p 0.550 0.629 0.158 2 03E-02
hsa-miR-331-3p 0.537 6617 0.201 5.79E-03 4
hsa-miR-485-3p (.525 4.606 0.207 5.13E-03 3
hsa-nuR-~181d-
Sp 0.330 0.628 0.170 1.54E-02 6
hsa-miR-23a-3p (531 6612 0197 7.33E-03 7
hsa-ouR-378d .521 0.601 0.201 6.72E-03 8
hsa-ouR~155-3p 0.53% 0.610 0175 1.28F-02 G
hsa-miR-99b-3p 0.527 0.608 0.173 1 378-02 10
hsa~-miR-1249-
3p 0.521 0.602 0.179 1.148-02 i1
hsa-oiR-142-3p 0.507 0.587 0.189 771E-03 12
hsa~-miR-4433b-
S5p 0.525 0.604 0.180 1.44F-02 i3
hsa-miR-1273hk-
3p {1513 $.593 (.181 9 15E-03 14
hsa-ouR~18a-3p 0.528 0.606 0.143 2. 74E-02 i5
hsa-miR-4746-
Sp {0,527 0.607 0.142 342802 16
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hsa-miR-27a-3p | 0527 0.603 0.147 2 45E-02 17
hsa-miR-654-3p | ¢512 0.394 0.175 1.17E-02 18
bsa-miR-7-5p | 0502 0.5%4 0.182 1.56E-02 19
bsa-miR-941 | 0.520 0.599 0.152 2.09E-02 20

(003201  Table 4. Top ranked pairs of microRNAs predicting preeclampsia as a ratio in an

interaction term with GABD

. . L(iwef“ Correlation T-test p- Final

microRNA pair 28%(CY AUC (R"2) alue cankin

of AUC ' e £
hsa-miR-140-3p / A . -

( o X 26E-
hsa-miR-516b-5p 0.611 (.684 0.319 8.26E-06 I
hsa-nuR-~155-5p/ - . .

1,610 5 20 423E-~ 2
hsa-miR-623-3p 0.610 0.685 $.201 423E-(3 2
hsa-miR-30c-5p/ < : N -

0,58 0.67: 337 3 12E-05
hsa-mik-27b-3p 0.596 0.674 0.337 21 2E-08 3
hsa-miR-25-5p/ e . . J— ,

(.603 79 332 2 65E-05 4
hsa-miR-5 16b-3p 0.60: 0.6 (.326 2.65E-0 1
hea-miR-384/hsa- | o509 pe73 0310 205803 5
miR-516b-5p
hsa-miR-3160-3p | 65 0.678 0.289 1 17E-04 6
hsa-let-7h-5p
hsa-miR-30c-5p/ 0.590 0.667 0324 292E-03 7
hsa-miR-7-5p
haa-miR-316b-5p/ I . \ nor o T

3,60 0,679 R 2 OTE-~(
hsa-miR-486-5p 0.605 0679 0.282 2.02E-04 8
hsa-miR-516b-5p/ e s o - ,

( 7 ( S4E-05
hsa-miR-150-5p 0.601 (.675 0.303 6.54E-05 9
hsa-niK-485-5p/ , . - -

. L 3.59 314 4 2}
hsa-miR-3 16h-5p 0.594 0.674 0.314 4. 10E-05 1Y
hsa-miR-7-5p/ oz i ,

0.5¢ 0672 317 e
hsa-miR-485-5p 0.595 0.672 0.317 101E-04 il
hsa-miR-516b-5p/ |, 543 0.676 0282 1.88E-04 12
haa-let-7g-Sp
hsa-miR-30c¢-3p/ oz PPN o \ax N

35 ' 3 - 3
hsa-miRe16-5p 0.591 0.668 0.316 8.97E-05 i3
hsa-miR-516b-5p/ : . " n e T ,
hsa-miR-473-5p 0.603 (676 0.268 3.63E-04 i4
hsa-miR-30c-5p/ < - mar T i

G 7.25E-05 S

hsa-miR-30a-5p 0.57¢ 0.658 6310 7 25E-05 i
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hsa-miR-3166-5p/ | oy 0,675 0275 3.65E-04 16
hsa-miR-92a-3p
hsa-nuR-186-5p/ - i -

0.594 {.669 3,208 S0E-05
heamiR.5160.5p | 059 0.66 0.298  8.30E- 17
haa-miR-155-5p/ N . ey -

i )5 ~ 23 OE- g
hsa.miR-2Tb-3p 0.599 0676 0.235 1 40E-03 18
hsa~-miR-30e-Sp/ : o , _

e tre 67 26 3.05E-
heamiR.S16bap | 0600 0.675 0.263 3 OSE-04 19
hsa-muR-516b-5p/ - e )

0278 YO -1 2
hea-lot- 74 3p 0.600 0.674 02 3 96E-04 0
hsa-miR-516b-5p/ . i . , ; .
3,59 0.674 3.28 2 53E-(¢ 2
hsamiRo103a3p | 039 574 0.281 53E-04 j
hsa-miR-3165-5p/ 1 4, 1y 0.673 0275  328B-04 22
hsa~-nuR-~-126-3p
hsa-miR~99b-3p/ N s .
3,503 788 OF-{): 23
hsamiR-A486-3p 0.593 0.670 0.288  1.19E-04 23
hsa-miR-6741-5p/ < - ,
0.57 0657 30 20T~ :
A 0.579 0.657 0.300  1.29E-04 24
hsa-nuR-20a-5p/ - P - "t "
heamiR.485-3p 0.58% 0.666 0.299  2.19E-04 25
haa-miR-23a-3p/ N - o gy
3,500 568 291 - 2
hsa.miR-27b-3h 0.590 0.668 0.294  134E-04 26
BsamiR-3160-5p7 | o 0.673 0239  6.97E-04 27
hsa~-muR-~151a-3p
hsa-nuR-30a-5p/ o < o oy
7 g 0,305 05E-(): 2
heamiR_485-5p 0.57 0.65¢ 0.303 3.05E-04 8
hsa-miR-3166-3p7 | 49 0.673 0.280 3.33E-04 29
hsa-let-7a-5p
hsa-miR-30e-5p/ R ex : - X
{ { pie 5 - <
heamiR-27a-31 0.576 0.655 0298 157E-04 30
hsa-nmiR-485-5p/ , e e .

) ).575 256
hsamiR7-5p 0.57¢ 0.654 0.29¢ 1 32E-04 31
hsa-miR-516b-5p/ < ! < .

0 5¢ 0673 252 8728~ 32
hsamiR.222-3p 0.599 0.673 0.252  S.72E-04 32
hsa-nuR-23a-3p/ N . - .
{ .6 3,285 {4 3:
hsa-miR-30a-5p (0.576 .655 0,28 1I7E-04 33
hsa-miR-433-3p/ 0.597 0.671 0.268 4.74E-04 34
hsa-miR-345-5p
Bsa-miR-3160-9p7 | 5, 0.669 0.280 3.32E-04 35
hsa-let-7f-3p
hsa~-muR-~485-5p/ e om . \ g R .
heamiR. 183-5p 0.583 0.662 0.286  175E-04 36
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hsa-miR-3160-5p7 | 4 597 0672 0252 9.93E-04 37
hsa-muR-185-5p ‘ ‘ ’
hsa-let-7i-5p/ hsa- . s o - .
0,577 0.6 3,201 4.43E-04 .
iR-485-5 0,57 0.656 0.29% 4 43E-04 38
hsa~-miR-4433b-
5p/ hsa-miR-516b- |  0.583 0661 0.280 1.38E-04 39
Sp
hsa-miR-316b-5p/ | 595 0670 0.262 5 O4F-04 40
hsa-muiR-191-5p
hsa-miR-516b-5p/ e - -
(.50 0.67 324G 9 ROF-04 :
iR 3615 0,596 0.671 0.24 9 8OF-04 41
haa-miR-100-5p/ \ o s . ,
] 3,57 552 2 24FA %)
hsa.miR.S 16b-5p 0.576 06 0.271 1.28E-04 4
hsa-miR-516b-5p/ oz e n ,

. 5 3.6 267 6.35E- '
heamiR-10b-3p 0.59 0,669 0.26 35E-04 43
hsa~-muR-~485-5p/ - o - R )
heamiR-270-3p 0.573 0.653 0.287 1 91E-04 44
hsa-miR-092-5p/ 0.568 0 648 0.298 4 88F-04 43
hsa-miR-485-3p
hsa-miR-9%b-3p/ - e .

( s ~5 ! - .
heamiR-6852-3p 0.5%3 0,659 0.281 2.14E-04 46
hsa-miR-363-3p/ 0.571 0.651 0.294 3 48E-04 47
hsa-miR-485-5p
hsa-miR-516b-5p/ < ! ” o

{3 4] 2 2 2 RIF i
A 0.387 0.662 0.276 7 87F-04 48
hsa-miR-316b-3p/ | soq 0.666 0.269 3.95E-04 49
haa-let-7i-3p ' ' ’ ‘
haa-miR-23a-3p/ N zos o o .

Y48 563 2 2 - ]
hsamiRo 14 aSp 0.585 0.663 0.277 2 37E-04 30
hsa-miR-7-5p/ <o o , .

Hhs /) 65% 26¢ 9OF- 3
heamiR-5 16b-3p 0.583 0.65% 0.269 1.90E-04 51
hsa~-muR-~516b-5p/ cQ - e p— .
heamiR. 32837 0.590 0.665 6.270 3. 72E-04 52
hsa-miR-181a-5p/ | 59 0,655 0.292 S 70604 53
hsa-miR-485-3p
hsa-miR-155-5p/ - \ oo e .

{ 067 229 03

heamiR-30n-5p 0.593 0.670 0.2 1.16E-0 54

aa~mi R~ 5550/
hsa-miR-133-5p, 0.593 0.670 0.202 471E-03 55
hsa-let-7+-5p
hsa-miR-H8-3p/ 0.572 0.650 0.289 3.58E-04 56
hsa-nmuR-485-5p
hsa-miR-4#3-5p/ 0.579 0.656 06276 23TE-04 57
haa-miR-127-3p
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hsa-miR-320b/ 0.563 0644 0.294 6.13E-04 58
hsa-nmuR-485-5p
hsa-miR-516b-3p/ | o0 0.664 0.267 474804 59
hsa-miR-25-3p
haa-miR-316b-5p/ oz . o . :
Y 593 568 34 -
hsa-miR-148a-3p (.593 0.668 (4.242 1.44E-03 60
hsa-miR-316b-5p/ | o 0.665 0263  609E-04 61
hsa-nuR-128-3p
hsa~-nuR-516b-5p/ cQ - e - ]
) R OF-{) 7
hsaemiR-320a (3.590 0.665 (0.263 5.60FE-(4 62
hsa-miR-516b-5p/ N K L i - .
1.59 ) ) 8 .H8E- 3
hsa-miR-744-5p 0.592 3.666 (0.252 8.68E-04 63
hsa-miR-30c-5p/ e . . U
{ G (.6 292 4 21E- A
hsa-miR-186-5p 0.55¢ (3.639 $.292 4 21E-04 64
hsa-nmiR-316b-3p/ . N o x ~
3 8 25 4 {}4 5
hsa-miR-629-5p 0.588 0.664 (.259 5.32E-(4 65
hsa-miR-23a-3p/ 0.576 0.654 0.277 3.02E-04 66
hsa-muR-93-3p
hsa-nuR-127-3p/ - - - -
{ P O .65¢ 2 Y G 4G~
hsa-miR-485-5p (.572 (.650 (289 6 46E-04 &7
haa-miR-155-5p/ Nz - o . ,
i Y 5 568 I - 3
heamiRe451a (.591 (0.668 (4.204 3.91E-03 68
hsa~miR-3{¢-5p/ iz : - AT :
hsa-miR-26b-5p 0.545 0.623 0.278 1.94E-04 69
hsa~-muR-~4732-3p/ - - i i
0245 2O
hsa-miR-3 16h-5p (.580 (0.658 (3.249 3 20E-04 70
hsa-miR-7-5p/ . . na .
3.58 0665 3,25 LOSE-(!
hearmiR-O4 1 (.589 .66 $.257 1.038-03 71
hsa-miR-451a/ o e )
( ( g s ~ r“;', ‘“ A 7"‘
hsa-miR-485-5p 0.570 0.650 $.288 6. 74E-04 72
hea-nmiR-374b-3p/ i - e - .
3 7 2 3.2 4F-{}4 3
hsa-miR-883-3p 0.54 0.628 (45,262 5 T4E-04 7
hsa-miR-516b-5p/ < ! <
{3 0667 2 5 ROF~ ;
hsa-miR-1307-3p 0.587 0.662 $.259 5 80E-04 74
hsa-miR-516b-5p/ e ! A
{ 0.662 323 34E-(4 7:
hsa-miR-30d-5p ().588 (.66 ($.256 R 34E-04 5
haa-miR-3605-5p/ N cor . o .
Y 580 55 Il .
hsa-miR-423-3p {.580 0.656 (.264 341E-04 76
hsa-miR-501-3p/ . - o S -
hsa-miR-5 16b-5p 0.571 0.647 0.260 2. 38E-04 77
hsa~-muR-~125b-5p/ . . \ g R
hsa-miR-485-5p (.573 0.652 (4286 6.26E-04 78
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iR LYERAS
hsa-miR-26b-3p/ 0.578 0654 0.279 4.64F-04 79
hsa-nmuR-485-5p
hsa-miR-30c-5p/ Ces D
0.565 0.6 3,08 3 D0E-04 R
heamiR 0% 31 (.56 0.645 0,281 3 D0E-04 80
haa-miR-316b-5p/ N o o .
358 ' 73 D)
hsamiRo127-3 0.589 0.664 0.239 142803 81
hsa-miR-501-3p/ ) - oy N N
hoa miR485-5p 0.564 0,643 0.287 5. 90F-04 52
hsa-nuR-30¢-5p/ o < e coAzm r ,ﬁ
O IR A5 F-{}
hsaemiR-451a £.56¢ 0.650 (282 545E-04 83
a-miR-21-5n/
hsa-miR 21-3py 0.562 0641 0.288 7 67604 84
hsa-miR-485-3p
hsa-miR-316b-3p/ | sug 0.661 0.259 742E-04 853
hsa~-muR-423-3p
hsa-nmiR-316b-3p/ - " : ,
1,587 2 3.2 0 G6E-K
hsa-miR-146b-5p 0.58 0.66 0,247 9 06E-014 86
hsa-miR-330-5p/ cox ! : - ]
0 0.663 2 S1E- 57
hsamiR.97b-5p 0.585 0 663 0.261 1.51E-03 §
hsa-miR-4443/ - . i
0,545 0.62 290 ,
hoamiRA85-5p (.545 0.627 0,290 8 81E-04 8%
hsa-miR-30c-3p/ 0.559 0.642 0.285 5 10E-04 89
hsa-let-7i-5p
hsa-miR-316b-5p7 | (e 0.662 0.250 7.93E-04 90
hsa-nuR-423-5p
hsa~-nuR-516b-5p/ co - ek ! ]
7 (325 O4E () G
heamiR-24-3p 0.58 0.661 0,256 8 D4E-04 i
hsa-miR-146b-5p/ |, o) 0 650 0.283 & 9TE-04 92
hsa-miR-485-3p ' ) ’ '
hsa-miR-7607hsa- | 50 0.642 0.261 3. 01E-04 93
miR-378¢
hsa-miR-3615/ 0.576 0.653 0.281  9.17E-04 94
hsa-miR-485-5p
hsa-miR-140-3p/ 0.564 0644 0.281 5 238-04 95
hsa-nmuR-485-5p
hsa-miR-30c-5p/ s - .
{ {} 64 32 ) £ 7;’ <} {
hoamiR. 12525 0.566 0.647 0,250 1. 74E-04 96
hsa-miR-373¢/ ) . e
157 5477 3,25 3238 97
hsamiR 148a-5p 0.571 0.64 0.259 3.23E-04 )
hsa-let-7b-3p/hsa- | < 0.655 0.280 9 35E-04 9%
miR-485-5p
hsa~-nuR-516b-5p/ o . o i
3 0,758 DTE- 99
heamiR- 146259 0.58: 0.657 ) 2585 6.27E-04
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hsa-miR-516b-5p/

0.5 0.65 23 5 O0OF- ’
A 0.583 0.658 0.259  6.90E-04 100

(003211  Esample 2: Identification of Extracellular micro RNA Biomarkers Across Three

Gestational Windows for Identification of Pregnancies at Risk for Placental Dysfunction

(003221 This example shows identification of extracelular miRNA biomarkers across three
gestational windows for prediction of preeclampsia: placental dystunction atfecting maternal

blood pressure and renal, liver and central nervous system function.

[003231  Study Design and Lab Analysis

003241 Samples were collected and analyzed as deseribed above in Example 1.

(003251 Data Analysis

(003261 miRNAs were evaluated across three windows of gestational age at blood draw
{GABD) inciuding early (119-153}, late (154-196} and full (119-202) days of gestation. A
variation of a stacking algorithm was used, 1o which four modeling approaches were combined
with a brute force approach to rank each miRNA in the dataset within each GABD window by an
inverse rank sum metric. The four algorithms were MRPC using MRPC > 221, LASSO using
glmnet > 4.0, conditional inference trees using party > 1.3 and gradient boosting using xgboost >
1.2.0.1. To control for analytic variability of reversals {ratios of log counts) of miRNAg, instead
of single miRNAs, were identified as predictors in candidate models for validation. To assess
performance of miRNAs within reversals, a fifth, brute-force ranking based on significance of
enrichroent of individual miRNAs amongst the top performing reversals was added. Top
reversals per GABD window were determined by first ranking all reversals by inverse rank sum,
then incrementally building a mairix of reversal scores in order of ranking and selecting as a
cutpotnt the number of reversals in the matrix at which a plateau was reached for significance of
association of the first principal component in PCA with the outcome. Each of the different
fearning methods ranked the miRNAs from most important to least important and the final score
was determined by taking a weighted inverse rank sum across all the different models plus the

brute force approach. This approach generated the list of miRNAs in Table 5.
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(003271 To further characterize miRNAs in Table 5, two additional analyses were applied.
First, it was tested whether the ditference in the logarithm of miRNA levels between cases and
controls was significant by the Wilcoxon test in processed miRNA assay data. Second, it was
tested whether the direction of median shift seen in the processed data could be reproduced in

noisy data in a future assay as represented by the raw RNAseq data before processing,

[00328]  Table 5. Top ranked microRNAg predicting preeclampsia in an toteraction term with
GABD windows.
Cases Casts:s Caﬁf:s
e . relative relative
Window{s}, relative {o to to
significant  with bateh-  controls,
microRNA in independent full conirols, mntﬁfeis,
Windows median window “2222;7 wii?éiw
shift ;ﬁéﬁ% (GABD  (GABD
119-183) 154-196)
bsa-miR-30c-5p full, late early lower fower lower
hsa-miR-6842-3p full garly, late iower fower lower
hsa-miR-~-485-Sp fuil, late fuil, late fower fower fower
full, early,
bsa-miR-331-3p full, late late lower fower lower
hsa~miR-S17a-3p-hsa-riR-
517b-3p early, late  early, late lower fower higher
hsa-miR-S16b-5p early, late  early, late higher fower higher
bsa-miR-760 full, early full, late lower fower lower
hsa-miR-6852-5p garly full higher higher iower
full, early,
hsa~-miR-1323 early late lower fower higher
full, early,
hsa-miR-155-5p fate fate lower higher lower
hsa-miR-6747-3p full, late full, late lower higher lower
hsa~-miR-181d-5p late full, late lower higher lower
full, early,
hsa-miR-~4446-3p full, late fate lower higher lower

[00329]

The above analysis identified thirteen muRNAs in Table 5 that can predict

preeclampsia in early, late or full gestational age in cases relative to controls. The thirteen

miRNAs can predict preeclarapsia singly or as reversals of one another.
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[003301  From the foregoing description, it will be apparent that variations and medifications
can be made to the invention described herein to adopt it to various usages and conditions. Such

embodiments are also within the scope of the following claims,

f00331] The recitation of a listing of elements in any definition of a variable herein includes
definitions of that variable as any single element or combination {or subcombination) of listed
elements. The recitation of an embodiment herein includes that embodiment as any single

embodiment or in combination with any other embodiments or portions thereof.

(003321 All patents and publications mentioned in this specification are herein incorporated
by reference to the same extent as if each independent patent and publication was specifically

and individually indicated to be incorporated by reference.
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What 1s clairoed is:

1. A panel of isolated nucleic acid biomarkers comprising two or more of the nucleic
acid biomarkers listed in Tables 3, 4or 5.

2. A panel of isolated nucleic acid biomarkers comprising two or more of the nucleic
acid biomarkers listed in Table 3.

3. A panel of isolated nucleic acid biomarkers comprising two or more of the isolated
biomarkers selected from the group consisting of hsa-nuR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-
3p, hsa~-miR-~331-3p, hsa-miR-485-Sp, hea-miR-181d-5p, hsa-miR-234-3p, hsa-miR-378d, hsa-
miR-155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-miRk-4433b-5p, hsa-miR-
1273h-3p, hsa-mR~18a-3p, hsa~-miR-4746-5p, hsa-miR-27a-5p, hsa~-miR-654-3p, hsa-ouR-7-5p,
and hsa-miR-941.

4. The panel of claim 3, wherein the isolated biomarkers comprise hsa-miR-1-3p, hsa-
miR-181d-5p, hsa-miR-378d, hsa-miR-4433b-5p, and/or hsa-miR-27a-5p.

5. The panel of claim 3, wherein the 1solated biomarkers comprise hsa-miR-516b-5p
and/or hsa-miR-~30c¢-5p.

¢, The panel of claim 3, wherein the isolated biomarkers hsa-miR-516b-5p, hsa-miR-
30¢-5p, hsa-miR-~-1-3p, and/or hsa~miR-331-3p.

7. The panel of claim 3, wherein the isolated biomarkers comprise hsa-miR-516b-5p,
hea-miR-30¢-5p, hsa~-miR-1-3p, hsa-miR-331-3p, hsa~-miR-485-5p, and/or hsa~-miR-181d-3p.

8 A panel of isolated nucleic acid biomarkers comprising a pair of biomarkers selected
from the group consisting of the biomarker pairs listed in Table 4.

9. A panel of isolated nucleic acid biomarkers comprising a pair of biomarkers selected
from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-nuR-155-5p/hsa-miR-625-
3p, bsa-miR-30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/bsa-miR-516b-5p, hsa-miR-484/hsa-miR-
516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-
iR-486-5p, hsa~-rmiR-516b-5p/hsa-miR-150-5p, hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-
Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7g-5p, hsa-miR-30c-5p/hsa-miR-16-5p, hsa-miR-
516b-Sp/hsa~-miR-423-5p, hsa-nuR-30¢-5p/hsa-miR-30a-5p, hsa-miR-516b-Sp/hisa~miR-92a-3p,
hsa-miR-~186-5p/hsa~-miR-516b-5p, hsa-miR-~155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-
S16b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-Sp/hisa-nuR-103a-3p, hsa-miR-516b-
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Sp/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-
20a-Sp/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-151a-3p,
hsa-miR-30a-5p/hsa~-miR-485-5p, hsa-miR~516b-5p/hsa-let-7a-Sp, hsa-miR-30c-5p/hsa-miR-
27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-
miR-30a-5p, hsa-miR-433-3p/hsa-miR-345-5p, hsa-miR-516b-5p/hsa-let-7-5p, hsa-miR-485-
Sp/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-185-5p, hsa-let-7i-5p/hsa-miR-485-5p, hsa-miR-
4433b-5p/hsa-roiR-516b-5p, hsa-miR-5S16b-5p/hsa-miR-191-5p, bsa-miR-S16b-3p/hsa-miR-
3615, hsa-nmiR-100-5p/hsa-miR-516b-5p, hsa-nuR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-
Sp/hsa-miR-27a-3p, hsa-miR-99a-3p/hsa-miR-485-5p, hea~-miR-99b-3p/hsa-miR-6852-5p, hsa-
miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-484, hsa-miR-516b-5Sp/hsa-let-71-5p,
hsa~-nmiR-23a-3p/hsa-miR-181a-5p, hsa-muR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-
328-3p, bsa-miR-181a-5p/hsa-miR-485-5p, hsa-miR-155-5p/hsa~-miR-30a-5p, hsa-miR-155-
Sp/hsa-let-71-Sp, hsa-miR-98-Sp/hsa-miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-
320b/bsa~-miR-485-5p, hsa-miR-516b-5p/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR~148a-3p,
hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-320a, hsa-niR-516b-5p/hsa-miR-
744-5p, bsa~-miR-30¢-5p/hsa-miR-186-5p, hsa-miR-516b-5Sp/hsa-nuR-029-5p, hsa-miR-23a-
3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-
30¢c-5p/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-5p, hsa-miR-7-Sp/hsa-nuR-941, hsa-
miR-451a/hsa~-miR-~485-5p, hsa-miR-374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-
1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-
3p/hsa-miR-516b-5p, hsa-miR-1256-5p/hsa~-miR-485-5p, hsa-miR-26b-5p/hsa-miR-485-5p, hsa-
miR-30¢-5p/hsa-miR-99a-5p, hsa-nuR-516b-Sp/hsa-miR-127-3p, hsa-miR-501-3p/hsa-miR-485-
5p, bsa~miR-30¢-Sp/hsa-miR-451a, hsa-miR-21-5p/hsa-miR~485-5p, hsa-tnR-516b-5p/hsa-miR-
423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-miR-92b-5p, hsa-miR-
4443/hsa-miR~-485-5p, hsa-miR-~30¢-5p/hsa-let-7i-5p, hsa~miR-516b-3p/hsa-miR-425-5p, bsa-
miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g,
hsa-miR-3615/hsa-miR-485-5p, hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-
125a-5p, hsa~-miR-378c/hsa-miR-~148a-5p, hsa-let-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-
miR-146a-Sp, and hsa-niR-516b-Sp/hsa~-miR-451a.

10, The panel of claim 9, wherein the pair of biomarkers is selected from the group

consisting of hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-mik-
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30c-Sp/hsa-miR-16-5p, hsa-miR-30c-5p/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p,
hsa~-nmiR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-
7d-5p, hsa-miR-516b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-
Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-
miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-4433b-5p/hsa-miR-
516b-5p, hsa-niR-516b-5p/hsa-miR-10b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-155-
Sp/hsa-miR-30a-5p, bsa~-ruiR-S16b-3p/hsa-miR-128-3p, hsa-roiR-516b-5p/hsa-miR-744-5p, hsa-
miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-3605-5p/hsa-miR-425-
3p, bsa~-miR-21-5p/hsa-miR~-485-5p, hsa-miR~516b-5p/hsa-miR-24-3p, and hsa-miR-378¢/hsa-
miR-148a-5p.

P11, The panel of claim 9, wherein the pair of biomarkers is selected from the group
consisting of bsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR~155-5p/hsa-miR~-025-3p, hsa-miR-
30¢c-5p/hsa-miR-27b-3p, hsa-miR-25-Sp/hsa-muR-516b-Sp, and hsa-miR-484/hsa-miR-516b-5p.

12, The panel of claim 9, wherein the pair of biomarkers s selected from the group
consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-
30¢-Sp/hsa~miR-27b-3p, hsa-miR-253-5p/hsa~-miR-516b-5p, hsa-miR-484/hsa-miR-5316b-Sp, hsa-
miR-516b-5p/hsa-let-7b-5p, and hsa-miR-30¢c-5p/hsa-miR-7-5p.

13, The panel of claim 9, wherein the pair of biomarkers is selected from the group
conststing of hsa-miR-140-3p/hsa~-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-
30¢-Sp/hsa-nuR-27b-3p, hsa-niR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-Sp, hsa-
miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢-Sp/hsa~-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p,
hsa-miR-516b-5p/hsa-miR-150-5p, and hsa-miR-485-5p/hsa-miR-516b-5p.

14, The panel of claim 9, wherein the pair of biomarkers s selected from the group
consisting of hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-516b-5p/ hsa-miR-423-5p and hsa-miR-
155-5p/ hsa-let-71-5p.

15. A panel of isolated nucleic acid biomarkers comprising at ieast one of the nucleic acid

biomarkers listed in Table 5.

16, A panel of isolated nucleic acid biomarkers comprising at least one of the nucleic
biomarkers selected from the group consisting of hsa~-miR-30¢-5p, hsa-miR-6842-3p, hsa~-miR-

485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760,
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hsa-miR-6852-5p, hsa-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and
hsa~-nmiR-4446-3p.

17. The panel of claim 15 or 16, wherein the biomarker is selected from the group
consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-Sp, hsa-miR-760, hsa-miR-
6852-5p, and hsa~miR-1323.

18. The panel of claim 15 or 16, wherein the biomarker is selected from the group
counsisting of bsa-miR-30¢-Sp, hsa-miR~485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-
517b-3p, hsa-miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-
4446-3p.

19. The panel of claim 15 or 16, wherein the biomarker is selected from the group
consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-
760, hsa-miR~6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

20, A composition of labeled and/or amplified nucleic acid molecules, wherein said
labeled and/or amplified nucleic acid molecules correspond to two or roore of the nucleic acid
biomarkers listed in Tables 3, 4 or 5.

21, A composition of labeled and/or amplified nucleic acid molecules, wherein said
labeled and/or amplified nucleic acid molecules correspond to two or more of the nucleic acid
biomarkers listed in Table 3.

22. A composition of [abeled and/or amplified nucleic acid molecules, wherein said
tabeled and/or amplified nucleic acid molecules correspond to two or more of the nucleie acid
biomarkers selected from the group consisting of hsa~-miR-516b-5p, hsa-miR-30c¢-5p, hsa~-miR-1-
3p, hsa~-miR-331-3p, hsa-miR-485-5p, hsa-miR-181d-5p, hsa-miR-23a-3p, hsa-miR-3784d, hsa-
miR-155-5p, hsa-miR-99b-3p, hsa-miR-~1249-3p, hsa-miR~142-3p, hsa-miR-4433b-5p, hsa~-nmiR-
1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-nuR-27a-5p, hsa-miR-654-3p, hsa-miR-7-5p,
and hsa-miR~-%941.

23, The composition of claim 22, wherein the nucleic acid biomarkers comprise hsa-miR-
1-3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-miR-4433b-Sp, and/or hsa-miR-27a-5p.

24, The composition of claim 22, wherein the 1solated biomarkers comprise hsa~-miR-
S16b-5p and/or hsa-miR-30¢-5p.

25 The composttion of claim 22, wherein the nuclete acid biomarkers hsa-miR-516b-5p,

hsa-miR-30c-5p, hsa-miR-1-3p, and/or hsa-miR-331-3p.
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26, The composition of claim 22, wherein the nucleic acid biomarkers comprise hsa-miR-
S16b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and/or hsa-miR-
I81d-5p.

27. A composition of labeled and/or amplified nucleic acid molecules, wherein said
jabeled and/or amplified nucleic acid molecules correspond to a pair of biomarkers selected from
the group consisting of the biomarker pairs listed in Table 4.

28 A composition of labeled and/or amplified nucleic acid molecules, wherein said
labeled and/or amplified nucleic acid molecules correspond to a pair of biomarkers selected from
the group counsisting of hsa-miR-140-3p/hsa-miR-516b-Sp, hsa-miR-155-5p/hsa~-miR-625-3p,
hsa-miR-30c-5p/hsa~-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-
S16b-5p, hsa-miR-516b-3p/hsa-let-7b-5p, hsa-miR-30¢-5p/hsa-miR-7-Sp, hsa-miR-516b-Sp/hsa-
miR-486-5p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-miR-485-5p/hsa-miR-516b-5p, hsa-miR-7-
Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-let-7Tg-5p, hsa-miR-30c-Sp/hsa-miR-16-5p, hsa-miR-
516b-Sp/hsa~-miR-423-5p, hsa-nuR-30¢-5p/hsa-miR-30a-5p, hsa-miR-516b-Sp/hisa~miR-92a-3p,
hsa-miR-186-5p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-
S16b-5p, hsa-miR-516b-5p/hsa-let-7d-5p, hsa-miR-516b-Sp/hisa~miR-103a-3p, hsa~muiR-S16h-
Sp/hsa-miR-126-3p, hsa-miR-99b-3p/hsa-miR-486-3p, hsa-miR-6741-5p/hsa-miR-760, hsa-miR-
20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-516b-Sp/hsa-miR-151a-3p,
hsa-miR-~30a-5p/hsa~-miR-485-5p, hsa~miR-516b-5p/hsa-iet-7a-5p, hsa~miR-30c-5p/hsa-miR-
27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-Sp/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-
miR-30a-5p, hsa-miR-~433-3p/hsa-miR-345-5p, hsa-miR-~516b-5p/hsa-let-71-Sp, hsa-miR-485-
Sp/hsa-miR-183-Sp, hsa-miR-516b-5p/hsa-miR-185-5p, hsa-let-71-Sp/hsa-nuR-485-5p, hsa-miR-
4433b-Sp/hsa-miR-516b-5p, hsa-miR-5316b-5p/hsa-miR-191-5p, hsa-miR-516b-5Sp/hsa~-miR-
3615, hsa-miR-100-5p/hsa-miR-516b-5p, hsa-miR-5106b-5p/hsa-miR-10b-5p, hsa-miR-485-
Sp/hsa-miR-27a-3p, bsa~-ruiR-9%-Sp/hsa-nmuR-485-5p, hsa-muR-99b-3p/hsa-miR-6852-5p, hsa-
miR-363-3p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-mik-484, hsa-miR-516b-5Sp/hsa-let-71-5p,
hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-miR-
328-3p, hsa-miR-~181a-5p/hsa-miR-485-5p, hsa-miR-155-5p/hsa-miR-30a-5p, hsa~-miR-155-
Sp/hisa-let-Ti-5p, hsa-miR-98-5p/hsa-1miR-485-5p, hsa-miR-485-5p/hsa-miR-127-3p, hsa-miR-
320b/hsa~-miR-~485-5p, hsa~-miR-516b-Sp/hsa-miR-25-3p, hsa-miR-516b-Sp/hsa~-miR-148a-3p,
hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-320a, hsa-miR-516b-5p/hsa-miR-

[
(8]
NS
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744-5p, hsa-miR-30¢c-5p/hsa-miR-186-5p, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-
3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-miR-485-5p, hsa-miR-155-5p/hsa-miR-451a, hsa-miR-
30¢c-Sp/hsa~-miR-26b-5p, hsa-miR-4732-3p/hsa~-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa-
miR-45a/hsa-miR-485-5p, hsa-miR-374b-Sp/hsa-miR-885-3p, hsa-miR-516b-Sp/hsa-miR-
1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-501-
3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR-485-5p, hsa-niR-26b-5p/hsa-miR-485-5p, hsa-
miR-30c-Sp/hsa~-miR-99a-5p, hsa-miR-516b-5p/hea-miR-127-3p, hsa-miR-501-3p/hsa~-miR-485-
Sp, hsa-miR-30¢c-5p/hsa-miR-451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-
423-3p, hsa~-miR-~-516b-Sp/hsa-miR-146b-Sp, hsa-miR-330-Sp/hsa-miR-92b-5p, hsa-miR-

4443 /hsa~-miR-485-5p, hsa~-miR-30c-Sp/hsa-let-7i-5p, hsa-miR-~-516b-Sp/hsa-miR-425-5p, hsa-
miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5Sp/hsa-miR-485-Sp, hsa-miR-760/hsa-miR-378g,
hsa-miR-3015/hsa-miR~-485-5p, hsa-miR-140-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa-miR-
125a-5p, hsa-niR-378c¢c/hsa-miR-148a-5p, hsa-let-To-Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-
miR-~146a-5p, and hsa-miR-516b-5p/hsa-miR-~-451a.

28.  The composition of claim 28, wherein the pair of biomarkers is selected from the
group consisting of hsa~miR-30¢-5p/hsa-miR-27b-3p, hsa-miR-~-516b-Sp/hsa-miR-~150-5p, hsa-
miR-30c-Sp/hsa-miR-16-5p, hsa-miR-30c-5p/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-
3p, hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-Sp/hsa-miR-516b-5p, hsa-miR-516b-Sp/hsa-
fet-7d-Sp, hsa-miR~516b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-
Sp/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-let-7Ta-5p, hsa-miR-516b-5p/hsa-miR-222-3p, hsa-
miR-516b-5p/hsa-tet-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-4433b-5p/hsa-miR-~
516b-Sp, hsa-miR-516b-Sp/hsa-miR-10b-Sp, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-nuR-155-
Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa~-miR-128-3p, hsa-nuR-516b-Sp/hsa~muR-744-5p, hsa-
miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-3605-5p/hsa-miR-425-
3p, hsa-miR-~21-Sp/hsa~-miR-485-5p, hsa~nmuR-516b-Sp/hsa~-miR-24-3p, and hsa-miR-378¢/hsa-
miR-148a-5p.

30.  The composition of claim 28, wherein the pair of biomarkers is selected from the
group consisting of hsa-miR-~-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-
miR-30¢-Sp/hisa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, and hsa-miR-484/hsa-miR-
516b-5p.
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31. The composition of claim 28, wherein the pair of biomarkers is selected from the
group consisting of hsa~-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-
miR-30c-Sp/hsa~-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p,
hsa-miR-516b-5p/hsa-let-Th-5p, and hsa-miR-30¢-5p/hsa-miR-7-5p.

32. The composition of claim 28, wherein the pair of biomarkers is selected from the
group consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-
miR-30c-Sp/hsa~miR-27b-3p, hsa~-miR-25-3p/hsa-miR-516b-5p, hsa-miR-484/hsa~-miR-516b-5p,
hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30c-Sp/hsa-miR-7-5p, hsa-nmiR-516b-5p/hsa-miR-486-
5p, bsa~-miR-S16b-5p/bsa-riR-150-5p, and hsa-miR-485-5p/hsa~-nmuR-516b-5p.

33, The composition of claim 28, wherein the pair of biomarkers is selected from the
group consisting of hsa~-miR-516b-5p/hsa-let-7b-5p, hsa-miR-516b-5p/ hsa-miR-423-5p and hsa-
miR-155-5p/ hsa-let-71-5p.

34. A composition of labeled and/or amplified nucleic acid molecules, wherein said
labeled and/or amplified nucleic acid molecules correspond to at least one of the biomarkers
selected from the group consisting of the biomarkers listed in Table 5.

35, A conoposition of labeled and/or amplified nucleic acid molecules comprising at least
one of the nucleic biomarkers selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-
6842-3p, hsa-miR-485-Sp, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-
5p, hsa~miR-760, hsa-mR-6852-5p, hsa~-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-
miR-181d-5p, and hsa-miR-4446-3p.

36. The composttion of claim 34 or 35, wherein the biomarker is selected from the group
consisting of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-Sp, hsa-miR-760, hsa-miR-
6852-5Sp, and hsa~-miR-1323.

37. The composition of claim 34 or 35, wherein the biomarker is selected from the group
counsisting of bsa-miR-30¢-Sp, hsa-miR~485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-miR-
517b-3p, hsa-miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-
4446-3p.

38. The composition of claim 34 or 35, wherein the biomarker is selected from the group
consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-

760, hsa-miR~6747-3p, hsa-miR-181d-3p and hsa~-miR-4446-3p.
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39, A method for determining a pregnant female’s risk of developing placental
dystunction later in the pregnancy comprising measuring the amount of two or more of the
nucleic acid biomarkers listed in Tables 3, 4 or 5 in a biological sample obtained from the
pregnant female, calculating a risk score based upon the rmeasured amounts of the nucleic acid
biomarkers to determine the pregnant female’s risk of developing placental dysfunction, and
providing a score corresponding to the pregnant female’s risk of developing placental
dysfunction.

40. A method for determining a pregnant female’s nisk of developing placental
dysfunction later in the pregnancy comprising producing labeled and/or amplified nucleic acid
molecules that correspond to two or more of the nucleic acid biomarkers listed in Tables 3, 4 or §
in a biclogical sample obtained from the pregnant female; measuring the levels of expression of
the labeled and/or amplified nucleic acid molecules; caleunlating a risk score based upon the
measured levels of the labeled and/or amplified nucleic acid molecules to determine the pregnant
female’s risk of developing placental dysfunction.

41. The method of claim 39 or 40, wherein the biological sample is obtained between 17
and 29 weeks of gestational age at blood draw.

42, The method of claim 39 or 40, wherein the biclogical sample is obtained between 19
and 27 weeks of gestational age at blood draw.

43, The method of claim 39 or 40, wherein the biological sample is obtained between 17
and 36 weeks of gestational age at blood draw

44, The method of claim 39 or 40, wherein the biclogical sample is obtained more than
17, more than 18, more than 19, more than 20, more than 21, more than 22, more than 23, more
than 24, more than 25, more than 26, more than 27, more than 28, more than 29, more than 30,
more than 31, more than 32, more than 33, more than 34, or more than 35 weeks of gestational
age at blood draw,

45, The method of claim 39 or 40, wherein the biclogical sample is obtained between
119-153 days, 154-196 days, and/or 119-202 days.

46. A method for determining a pregnant female’s risk of developing placental
dysfunction later in the pregnancy comprising measuring the amount of two or more of the
nucieic acid biomarkers selected from the group cousisting of hsa~-miR-516b-5p, hsa~-miR-30¢-

Sp, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, hsa-niR-181d-5p, hsa-miR-23a-3p, hsa-
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miR-378d, hsa-miR-~155-5p, hsa-miR-99b-3p, hsa-miR-1249-3p, hsa-miR-142-3p, hsa-niR-
4433b-5p, hsa-miR-1273h-3p, hsa-miR-18a-3p, hsa-miR-4746-5p, hsa-miR-27a-5p, hsa-miR-
654-3p, bsa-miR-7-5p, and hsa-miR-941 in a biological sample obtained from the pregnant
female, calculating a nisk score based upon the measured amounts of the nucleic acid biomarkers
to determine the pregnant female’s risk of developing placental dysfunction, and providing a
score corresponding to the pregnant female’s risk of developing placental dysfunction.

47.  The method of claim 46, wherein the nucleic acid biomarkers comprise hsa-miR-1-
3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-miR-4433b-5p, and/or hsa-miR-27a-5p.

48.  The method of claim 46, wheretn the nucleic acid biomarkers comprise hsa-iR-
516b-5p and/or hsa-miR-30c-5p.

49, The method of claim 46, wherein the nucleic acid biomarkers hsa-miR-516b-5p, hsa-
miR-30c-5p, hsa-miR-~1-3p, and/or haa-miR-331-3p.

50.  The method of claim 46, wherein the nucleic acid comprise hsa~-miR-516b-5p, hsa-
miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and/or hsa-miR-1814-Sp.

51. A method for determining a pregnant female’s risk of developing placental
dysfunction later in the pregnancy comprising produciog labeled and/or amphified nucleic acid
molecules that correspond to two or more of the nucleic acid biomarkers selected from the group
consisting of hsa-miR-516b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-
5p, bsa~miR-181d-5p, hsa-miR-23a-3p, hsa-miR-378d, hsa-miR-155-5p, hsa-miR-99b-3p, hsa-
miR-1249-3p, hsa-miR-142-3p, hsa-miR-4433b-5p, hsa-nuR-1273h-3p, hsa-miR-18a-3p, hsa-
miR-4746-5p, hsa-miR-27a-5p, hsa-miR-654-3p, hsa-miR-7-5p, and hsa-miR-941 in a biological
sample obtained from the pregnant female; measuring the levels of expression of the labeled
and/or amplified nucleic acid molecules; calculating a risk score based upon the measured levels
of the labeled and/or amplified nucleic acid molecules to determine the pregnant female’s risk of
developing placental dysfunction.

52. The method of claim 51, wherein the nucleic acid biomarkers comprise hsa-miR-1-
3p, hsa-miR-181d-5p, hsa-miR-378d, hsa-miR-4433b-5p, and/or hsa-miR-27a-Sp.

53. The method of claim 51, wherein the nucleic actd biomarkers comprise hsa-miR-
S16b-5p and/or hsa-miR-30¢-5p.

S4. The method of claim 51, wherein the nucleic acid biomarkers hsa-miR-516b-5p, hsa-

miR-30¢c-5p, hsa-miR-1-3p, and/or hsa-miR-331-3p.
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55. The method of claim 51, wherein the nucleic acid biomarkers comprise hsa-miR-
S16b-5p, hsa-miR-30¢-5p, hsa-miR-1-3p, hsa-miR-331-3p, hsa-miR-485-5p, and/or hsa-niR-
I81d-5p.

56. A method for determining a pregnant female’s risk of developing placental
dysfunction later in the pregnancy comprising measuring the amount of a pair of biomarkers
selected from the group consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-
miR~625-3p, hsa-miR-30¢-Sp/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa~-miR-
484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-5p, hsa-miR-30¢c-5p/hsa-miR-7-5p, hsa-
miR-516b-Sp/hsa~miR-486-5p, hsa~-miR-516b-Sp/hsa~miR-150-5p, hsa~miR-485-5p/hsa-miR-~
516b-5p, hea-miR~-7-5p/hsa~miR-485-5p, hsa~-miR-5106b-5p/hsa-let-7g-5p, hsa-miR-30¢-5p/hsa-
miR-16-5Sp, hsa-miR-516b-5p/hsa-miR-423-5p, hsa-miR-30¢-Sp/hsa-miR-30a-5p, hsa-miR-
516b-5p/hsa-miR-92a-3p, hsa-miR-186-5Sp/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-27b-3p,
hsa-miR-30¢-Sp/hisa-miR-516b-5p, hsa-miR-516b-Sp/hsa-let-7d-Sp, hsa-miR-516b-Sp/hsa-miR-
103a~-3p, hsa~miR-516b-Sp/hsa~-miR-120-3p, hsa~-miR-99b-3p/hsa-miR-486-3p, hsa-miR-6741-
Sp/hsa-miR-760, hsa-miR-20a-5p/hsa-miR-485-5p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-mik-
S16b-3p/hsa-miR-151a-3p, hsa-miR-30a-5p/bsa~-miR-485-5p, hsa-miR-516b-5p/hsa-let-Ta-5p,
hsa-miR-30c-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-
222-3p, hsa-miR-23a-3p/hsa-miR-30a-Sp, hsa-miR-433-3p/hsa-niR-345-5p, hsa-nuR-516b-
Sp/hsa-let-7f-5p, bsa-miR-~485-5p/hsa-miR-183-5p, hsa-miR-516b-5p/hsa-miR-~185-5p, hsa-let-
Ti-Sp/hsa-miR-485-5p, hsa-miR-4433b-Sp/hsa-nuiR-516b-5p, hsa-miR-516b-Sp/hsa-miR-191-5p,
hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-100-5p/hsa~-miR-516b-5p, hsa-niR-516b-5p/hsa-miR-~
10b-Sp, hsa-miR-485-Sp/hsa-nmiR-27a-3p, hsa-miR-99a-5Sp/hsa-miR-485-5p, hsa-nuR-99b-
3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR~-485-5p, hsa-miR-516b-5p/hsa-miR-~484, hsa-
miR-516b-Sp/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-5p, hsa-miR-7-5p/hsa-miR-516b-5p,
hsa~miR-516b-Sp/hsa~-miR-328-3p, hsa~miR-181a-5p/hsa-miR~-485-5p, hsa-mR-~155-5p/hsa-
miR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-5p/hsa-miR-485-5p, hsa-miR-485-
Sp/hsa-miR-127-3p, hsa-miR-320b/hsa-miR-485-5p, hsa-miR-516b-Sp/hsa-nmiR-25-3p, hsa-miR-
516b-5Sp/hsa~-miR-148a-3p, hsa~-miR-516b-5p/hsa~-miR-128-3p, hsa~-miR-516b-5p/hsa-miR-320a,
hsa~-nmiR-516b-Sp/hsa~-miR-744-5p, hsa-miR-30¢-5p/hsa-miR-186-5p, hsa-miR-516b-Sp/hsa-
miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa~-miR-485-5p, hsa~-miR-155-

Sp/hsa-miR-451a, hsa-miR-30c-5Sp/hsa-miR-26b-5p, hsa-miR-4732-3p/hsa-miR-516b-5p, hsa-
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miR-7-5p/hsa-miR-941, hsa-miR-451a/hsa-miR-485-5p, hsa-miR-374b-5p/hsa-miR-885-3p, hsa-
miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-5p, hsa-miR-3605-5p/hsa-miR-
425-3p, bsa-miR-501-3p/hsa-miR-516b-5p, hsa-miR-125b-5p/hsa-miR~-485-5p, hsa-miR-26b-
Sp/hsa-miR-485-5p, hsa-miR-30¢-Sp/hsa-miR-99a-5p, hsa-miR-516b-5p/hsa-miR-127-3p, hsa-
miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-5p/hsa~-miR-451a, hsa-miR-21-5p/hsa-miR-485-5p,
hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-5p/hsa-miR-146b-5p, hsa-miR-330-5p/hsa-
iR-92b-5p, bsa-ruiR-4443/hsa~-miR-485-5p, hsa~-miR-30¢c-5p/hsa-tet-7i-5p, hsa-miR-S16b-
S5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p, hsa-miR-146b-5p/hsa-miR-485-5p, hsa-
i R-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p, hsa~-miR-140-3p/hsa-miR-485-5p, bhsa-
miR-30¢-5p/hsa-miR-125a-5p, hsa-miR-378¢/hsa-miR-~148a-5p, hsa-let-7b-5p/hsa~-miR-485-5p,
hsa~-nmiR-516b-Sp/hsa-miR-146a-5p, and hsa-miR-516b-Sp/hsa-miR~451a in a biological sample
obtained from the pregnant female, calculating a risk score based upon the measured amounts of
the nucleic acid biomarker pair to determine the pregnant female’s risk of developing placental
dysfunction, and providiog a score corresponding to the pregoant female’s risk of developing
placental dysfunction.

S7. The method of claim 56, wherein the pair of biomarkers ts selected from the group
consisting of hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-mik-
30¢c-5p/hsa-miR-16-5p, hsa-miR-30¢c-Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p,
hsa-miR-~155-5p/hsa~-miR-276-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa-miR-510b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-
Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-~516b-5p/hsa-miR-222-3p, hsa-
miR-516b-Sp/hsa-let-7t-5p, hsa-miR-485-Sp/hsa-miR-183-5p, hsa-niR-4433b-Sp/hsa-miR-
516b-5p, hsa-miR-516b-Sp/hsa~-miR-10b-5p, hsa-miR-5316b-Sp/hsa~-miR-328-3p, hsa~-nuR-155-
Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-
iR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa~-miR-93-5p, hsa-miR-3605-5p/hsa-riR-425-
3p, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-24-3p, and hsa-miR-378c/hsa-
miR-148a-5p.

58 The method of claim 56, wherein the pair of biomarkers is selected from the group
consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-

30¢c-Sp/hsa~-miR-27b-3p, hsa~-miR-25-5p/hsa-miR-516b-5p, and hsa-miR-484/hsa~-miR-510b-5p.
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59. The method of claim 56, wherein the pair of biomarkers is selected from the group
consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-
30¢c-Sp/hsa~-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-
miR-516b-Sp/hsa-let-7b-Sp, and hsa-nmiR-30¢-5p/hsa-miR-7-5p.

60.  The method of claim 56, wherein the pair of biomarkers is selected from the group
consisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-
30¢-Sp/hsa~miR-27b-3p, hsa-miR-25-Sp/hsa-miR-S16b-3p, hsa-miR-~484/hsa-miR-316b-5p, hsa-
miR-516b-Sp/hsa-let-7b-5p, hsa-miR-30c-5p/hsa-miR-7-5p, hsa-miR-516b-5p/hsa-miR-486-5p,
hea-miR-516b-5p/hsa-miR-~150-5p, and hsa-miR-485-5p/hsa-miR-516b-5p.

61. The method of claim 56, wherein the pair of biomarkers is selected from the group
consisting of hsa-miR-516b-5p/hsa-let-7h-5p, hsa-miR-516b-5p/ hsa-miR-423-5p and hsa-miR-
155-5p/ hsa-let-71-5p.

62. A method for determining a pregnant femnale’s risk of developing placental
dysfunction later in the pregnancy comprising producing labeled and/or amplified nucleic acid
molecules that correspond to a pair of biomarkers selected from the group consisting of hsa-niR-
140-3p/hsa~-miR-516b-5p, hsa-miR-155-5p/hsa~-miR-625-3p, hsa-miR-30c-5p/hsa-miR-27b-3p,
hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-7b-
5p, hsa~-miR-30¢-Sp/hsa-miR-7-5p, hsa-nmiR-516b-Sp/hsa-miR-486-5p, hsa-miR-516b-5p/hsa-
miR-150-5p, hsa-miR-485-5p/hsa~-miR-516b-5p, hsa-miR-7-5p/hsa-miR-485-5p, hsa-miR-516b-
Sp/hsa-let-Tg-Sp, hsa-miR-30¢-5p/hsa-miR-16-5p, hsa-miR-S16b-5p/hsa-miR-423-5p, hsa-miR-
30¢c-Sp/hsa~-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p, hsa-miR-~186-5p/hsa~-miR-516b-5p,
hsa-miR-155-5p/hsa-miR-27b-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa~-miR-~516b-Sp/hsa-miR-~1032a-3p, hsa-miR-516b-5p/hsa-miR-126-3p, hsa-miR-9%b-
3p/hsa-miR-486-3p, hsa-nuiR-6741-5p/hsa-miR-760, hsa-miR-20a-Sp/hsa-miR-485-5p, hsa-miR-
23a-3p/hsa~-miR-27b-3p, hsa-nuR-516b-Sp/hsa~-miR-151a-3p, hsa-miR-30a-Sp/hsa~-miR-485-5p,
hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-30¢-5p/hsa-miR-27a-3p, hsa-miR-485-5p/hsa-miR-7-
5p, hsa~-miR-516b-5p/hsa-miR-222-3p, hsa-miR-23a-3p/hsa-miR-30a-5p, hsa-miR-433-3p/hsa-
miR-345-5p, hsa-miR-516b-Sp/hsa-let-7H-Sp, hsa-miR-485-5p/hsa~-miR-183-5p, hsa-miR-316b-
Sp/hsa-miR-185-5p, hsa-let-7Ti-5p/hsa-miR-485-5p, hsa-miR-4433b-5p/hsa-miR-S16b-5p, hsa-
miR-516b-5p/hsa-miR-~191-5p, hsa-miR-516b-5p/hsa-miR-3615, hsa-miR-~100-5p/hsa~-miR-
516b-5p, hsa-miR-516b-5p/hsa-miR-10b-5p, hsa-miR-485-5p/hsa-miR-27a-3p, hsa-miR-99%a-
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Sp/hsa-miR-485-5p, hsa-miR-99b-3p/hsa-miR-6852-5p, hsa-miR-363-3p/hsa-miR-485-5p, hsa-
miR-516b-5p/hsa-miR-484, hsa-nuR-516b-Sp/hsa-let-7i-5p, hsa-miR-23a-3p/hsa-miR-181a-3p,
hsa-miR-7-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR~181a-Sp/hsa-mik-
485-Sp, hsa-miR-155-Sp/hsa-nuR-30a-5p, hsa-miR-155-5p/hsa-let-7i-5p, hsa-miR-98-Sp/hsa-
miR-485-5p, hsa-miR-485-5p/bsa-miR-~127-3p, hsa~-miR-320b/hsa~-miR-485-5p, hsa-miR-516b-
Sp/hsa-miR-25-3p, hsa-miR-516b-5p/hsa-miR-148a-3p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-
miR-516b-Sp/hsa-miR-320a, hsa~-miR-S16b-5p/hsa-riR-744-5p, hsa~-miR-30¢-Sp/hsa-nuR-186-
Sp, hsa-miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa-miR-93-5p, hsa-miR-127-3p/hsa-
i R-485-5p, hsa-muR-~155-Sp/hsa-miR-451a, hsa~-miR-30¢c-5p/hsa-miR-26b-5p, hsa-miR-4732-
3p/hsa-miR-516b-5p, hsa-miR-7-5p/hsa-miR-941, hsa~-miR-451a/hsa~-miR-485-5p, hsa-miR-
374b-5p/hsa-miR-885-3p, hsa-miR-516b-5p/hsa-miR-1307-3p, hsa-miR-516b-5p/hsa-miR-30d-
Sp, hsa-miR-3605-5p/hsa-miR-425-3p, hsa-miR-~501-3p/hsa-miR-516b-5p, hsa-miR-125b-
Sp/hsa-miR-485-5p, hsa-miR-20b-Sp/hsa-miR-485-5p, hsa-miR-30¢-5p/hsa-miR-99a-Sp, hsa-
miR-516b-Sp/hsa~miR-127-3p, hsa-miR-501-3p/hsa-miR-485-5p, hsa-miR-30c-Sp/hsa~-miR-
451a, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-423-3p, hsa-miR-516b-
Sp/hsa-miR-146b-5p, hsa-nuR-330-5p/hisa-miR-92b-5p, hsa-miR-4443/hsa~-miR-485-Sp, hsa-
miR-30c-Sp/hsa-let-71-5p, hsa-miR-510b-5p/hsa-miR-425-5p, hsa-miR-516b-5p/hsa-miR-24-3p,
hsa-miR-146b-5p/hsa-miR-485-5p, hsa-miR-760/hsa-miR-378g, hsa-miR-3615/hsa-miR-485-5p,
hsa-miR~140-3p/hsa~-miR-485-5p, hsa-miR-30c-5p/hsa-miR-125a-5p, hsa-miR-378¢c/hsa-miR-
148a-5p, hsa-tet-7b-Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-146a-5p, and hsa-miR-
S16b-5p/hsa-miR-451a in a biological sample obtained from the pregnant female; measuring the
levels of expression of the labeled and/or amplified nucleic acid molecules; calculating a nisk
score based upon the measured levels of the labeled and/or amplified nucleic acid molecules to
determine the pregnant female’s risk of developing placental dysfunction.

63, The method of claim 62, wherein the pair of biomarkers is selected from the group
consisting of hsa-miR-30¢c-5p/hsa-miR-27b-3p, hsa-miR-516b-5p/hsa-miR-150-5p, hsa-mik-
30¢c-5p/hsa-miR-16-5p, hsa-miR-30¢c-Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-92a-3p,
hsa-miR-~155-5p/hsa~-miR-276-3p, hsa-miR-30e-5p/hsa-miR-516b-5p, hsa-miR-516b-5p/hsa-let-
7d-5p, hsa-miR-510b-5p/hsa-miR-103a-3p, hsa-miR-23a-3p/hsa-miR-27b-3p, hsa-miR-30a-
Sp/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-let-7a-5p, hsa-miR-~516b-5p/hsa-miR-222-3p, hsa-
miR-516b-5p/hsa-let-7f-5p, hsa-miR-485-5p/hsa-miR-183-5p, hsa-miR-4433b-5p/hsa-miR-
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516b-5p, hsa-niR-516b-5p/hsa-miR-10b-5p, hsa-miR-516b-5p/hsa-miR-328-3p, hsa-miR-155-
Sp/hsa-miR-30a-5p, hsa-miR-516b-5p/hsa-miR-128-3p, hsa-miR-516b-5p/hsa-miR-744-5p, hsa-
miR-516b-5p/hsa-miR-629-5p, hsa-miR-23a-3p/hsa~-miR-93-5p, bsa-miR-3605-5p/hsa-miR-425-
3p, hsa-miR-21-5p/hsa-miR-485-5p, hsa-miR-516b-5p/hsa-miR-24-3p, and hsa-miR-378¢c/hsa-
miR-148a-5p.

64, The method of claim 62, wherein the pair of biomarkers is selected from the group
counsisting of hsa-miR-140-3p/hsa-miR-516b-5p, hsa-miR-155-5p/hsa-miR-~025-3p, hsa-miR-
30c-5p/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, and hsa-miR-484/hsa-miR-516b-5p.

65, The method of claim 62, wherein the pair of biomarkers is selected from the group
conststing of hsa-miR-140-3p/hsa~-miR-516b-5p, hsa-miR-155-5p/hsa-miR-625-3p, hsa-miR-
30¢-Sp/hsa-nuR-27b-3p, hsa-niR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-Sp, hsa-
miR-516b-5p/hsa-let-7b-5p, and hsa-miR-30c-5p/hsa~-miR-7-5p.

66. The method of claim 62, wherein the pair of biomarkers is selected trom the group
consisting of hsa~-miR-~140-3p/hsa-miR-516b-5p, hsa-miR-~155-5p/hsa-miR-625-3p, hsa-miR-
30c-Sp/hsa-miR-27b-3p, hsa-miR-25-5p/hsa-miR-516b-5p, hsa-miR-484/hsa-miR-516b-5p, hsa-
miR-516b-5p/hsa-tet-7h-5p, hsa-miR-30¢-Sp/hsa~-miR-7-5p, hsa-miR-~516b-5p/hsa-miR-486-5p,
hsa-miR-516b-5p/hsa-miR-150-5p, and hsa-miR-485-5p/hsa-miR-516b-5p.

67. The method of claim 62, wherein the pair of biomarkers is selected trom the group
consisting of hsa~-miR-516b-5p/hsa-let-7b-5p, hsa-miR-516b-5p/ hsa-miR-423-5p and hsa-miR-
155-5p/ hsa-let-71-5p.

68. The method of any one of claims 39-67, wherein the risk score is calculated based on
a ratio of data values.

69.  The method of claim 68, wherein data transformation is applied before or after the
ratio is determined.

70. A method for determining a pregnant female’s nisk of developing placental
dysfunction comprising measuring the amount of at least one of the nucleic acid biomarkers
selected from the group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-
miR-331-3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa~-miR-516b-5p, hsa-miR-760, hsa-miR-
6852-5p, hsa~-miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-
4440-3p in a biological sample obtained from the pregnant female, calculating a risk score based

upon the measured amounts of the nucleic acid biomarkers to determine the pregnant female’s
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risk of developing placental dysfunction, and providing a score corresponding to the pregnant
female’s risk of developing placental dyvsfunction.

71, The method of claim 70, wherein the biomarker is selected from the group consisting
of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, and
hea-miR-~1323.

72. The method of claim 70, wherein the biomarker is selected from the group consisting
of bsa~-miR-30¢-Sp, hsa-miR-485-5p, hsa-miR-331-3p, bsa-muiR-517a-3p-hsa-miR-517b-3p, bsa-
miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

73, The method of claim 70, wherein the biomarker 1s selected from the group consisting
of hsa~-miR-30¢-5p, hsa~miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hea-miR-760, hsa-
miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

74, The method of claim 70 or 73, wherein the method determines a pregnant female’s
risk of developing placental dysfunction across the full window of gestation.

g
!
i

75, The method of claim 70 or 73, wherein the full gestation window of gestation 13
between 119-202 days of gestation.

76, The method of claim 70 or 71, wherein the method determines a pregnant female’s
risk of developing placental dysfunction early in the pregnancy.

77. The method of claim 70 or 71, wherein early pregnancy is between 119-153 days of
gestation.

78  The method of claim 70 or 72, wherein the method determines a pregnant female’s
risk of developing placental dysfunction later in the pregnancy.

79, The method of claim 70 or 72, wherein late pregonancy 18 between 154-196 days of
gestation.

80. A method for determining a pregnant female’s risk of developing placental
dysfunction comprising producing labeled and/or amplified nucleic acid molecules that
correspond to at least one of the nucleic acid biomarkers selected from the group consisting of
hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-517a-3p-hsa-
miR-517b-3p, hsa-miR-316b-5p, hsa-miR-760, hsa-miR-0852-5p, hsa-miR-1323, hsa-miR-~155-
Sp, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p 10 a biclogical sample obtained
from the pregnant female; measuring the levels of expression of the labeled and/or amplified

nucleic acid molecules; calculating a risk score based upon the measured levels of the labeled
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and/or amplified nucleic acid molecules to determine the pregnant female’s risk of developing
placental dystunction.

81. The method of claim 80, wherein the biomarker is selected from the group consisting
of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-6852-5p, and
hsa-miR-1323,

82. The method of claim 80, wherein the biomarker is selected from the group consisting
of bsa~-miR-30¢-Sp, hsa-miR-485-5p, hsa-miR-331-3p, bsa-muiR-517a-3p-hsa-miR-517b-3p, bsa-
miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

83, The method of claim 80, wherein the biomarker is selected from the group consisting
of hsa~-miR-30¢-5p, hsa~miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hea-miR-760, hsa-
miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p.

84. The method of claim 80 or €3, wherein the method determines a pregnant female’s
risk of developing placental dysfunction across the full window of gestation.

85 The method of claim 84, wherein the full gestation window of gestation 1s between
119-202 days of gestation.

86. The method of claim 80 or 81, wherein the method determines a pregnant female’s
risk of developing placental dysfunction early in the pregnancy.

§7. The method of claim 86, wherein early pregnancy is between 119-153 days of
gestation.

88  The method of claim 80 or 82, wherein the method determines a pregnant female’s
risk of developing placental dysfunction later in the pregnancy.

§9.  The method of claim 88, wherein late pregnancy is between 154-196 days of
gestation.

90. A method of treating or preventing placental dysfunction in a pregnant female, the
method corprising:

{a) detecting a panel of isolated mucleic acid biomarkers in a biological sample obtained
from a pregnant female, wherein at least one of the isolated nucleic acid biomarkers 15 selected
from the group consisting of hsa-miR-30¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-
3p, hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-5316b-5p, hsa-miR-760, hsa-miR-6852-5p, hsa-

miR-1323, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR-181d-5p, and hsa-miR-4446-3p;
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(b} calculating a risk score based upon the measured levels of the isolated nucleic acid
biomarkers; and

(¢} administering one or more therapies to the pregnant female based on the risk score, to
treat or prevent placental dysfunction.

931. The method of claim 90, wherein the biomarker 1s selected from the group consisting
of hsa-miR-517a-3p-hsa-miR-517b-3p, hsa-miR-516b-5p, hsa-miR-760, hsa-miR-0852-5p, and
hsa~-miR-1323.

92, The method of claim 90, wherein the biomarker is selected from the group consisting
of hsa~-miR-30¢~-5p, hsa~nmuR-485-5p, hsa~-nmuR-331-3p, hsa-miR-517a-3p-hsa~-miR-517b-3p, hsa-
miR-516b-5p, hsa-miR-155-5p, hsa-miR-6747-3p, hsa-miR~181d-5p, and hsa-miR-4446-3p.

93, The method of claim 90, wherein the biomarker 15 selected from the group consisting
of hsa-miR-30c¢-5p, hsa-miR-6842-3p, hsa-miR-485-5p, hsa-miR-331-3p, hsa-miR-760, hsa-
miR-6747-3p, hsa-nuR-181d-Sp, and hsa-miR-4446-3p.

94, The method any one of clairas 90-93, wherein the isolated nucleic acid biomarkers
are normalized.

85,  The method of claum 94, wherein normalization comprises a reversal of the solated
nucleic acid biomarkers.

96. The method of claim 95, wherein the reversal comprises an upregulated biomarker
and a downregulated biomarker.

97. The method of claim 96, wherein the downregulated biomarker is hsa-miR-485-5p.

98. The method of claim 95, wherein the reversal comprises a numerator and a
denominator.

99.  The method of claim 98, wherein the denominator is hsa-miR-485-5p.

100, The method of any one of claims 90-99, wherein the risk score is calculated based on
the reversal of data values.

101, The method of any one of claims 90-100, wherein the method further comprises a
step of determining gestational age at blood draw (GABD).

102. The method of claim 101, wherein determining GABD is performed before the
detecting step of claim 90(a).

103, The method of claim 101 or 102, wherein GABD is between 119-133 days, 154-196

davs, and/or 119-202 days.
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104, The method of claim 90 or 93, wherein the method determines a pregnant female’s
risk of developing placental dystunction across the full window of gestation.

105, The method of claim 104, wherein the full gestation window of gestation i3 between
119-202 days of gestation.

106. The method of claim 90 or 91, wherein the method determines a pregnant female’s
risk of developing placental dysfunction early in the pregnancy.

107, The method of claim 106, wherein early pregnancy is between 119-153 days of
gestation.

108. The method of claim 90 or 92, wherein the method deterroines a pregnant ferale’s
risk of developing placental dysfunction later in the pregnancy.

109, The method of claim 108, wherein late pregnancy 18 between 154-196 days of
gestation.

110, The method of any one of claims 90-109, wherein the placental dysfunction is

preeclampsia.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-37, 39-71, 74-81, 84-92, 94-110(all partially)

A panel of biomarkers which comprise two or more biomarkers
from Tables 3, 4 and 5, wherein one of the biomarkers is
miR-516b-5p. Composition of labeled and/or amplified nucleic
acid molecules which correspond to two or more nucleic acid
molecules Tisted in Tables 3, 4 or 5, wherein one of the
biomarkers is miR-516b-5p. Composition of labeled and/or
amplified nucleic acid molecules which correspond to at
least one of the biomarkers listed in Table 5, wherein one
of the biomarkers is miR-516b-5p. Method for determining a
pregnant female's risk of developing placental dysfunction
later in the pregnancy by measuring the amount of or by
producing labeled or amplified nucleic acid molecules that
correspond to two or more of the nucleic acid biomarkers
listed in Tables 3, 4 or 5, wherein one of the biomarkers is
miR-516b-5p. Composition of labeled and/or amplified nucleic
acid molecules which correspond to at least one of the
biomarkers listed in Table 5, wherein one of the biomarkers
is miR-516b-5p. Method for determining a pregnant female's
risk of developing placental dysfunction later in the
pregnancy by measuring the amount of or by producing Tabeled
or amplified nucleic acid molecules that correspond to at
least one of the biomarkers listed in Table 5, wherein one
of the biomarkers is miR-516b-5p. A method of treating or
preventing placental dysfunction in a pregnant female,
comprising detecting a panel of biomarkers, wherein one of
the biomarkers is miR-516b-5p.

2-27. claims: 1-110(partially)

idem for each of the individual miRNA biomarkers identified
in Tables 3 and 5.
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