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PREDICTING, DIAGNOSING, AND TREATING NAUSEA AND VOMITING OF PREGNANCY

{0001] This application claims the benefit of United States provisional patent applications
number 82/482 362, filed April 8, 2017, and number 62/586,704, filed December 8, 2017 the

entire contents of each of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Nausea and vomiting of pregnancy (NVP) affecis 50-80% of pregnant women. As many
as 18% of pregnant women take medication {o treat NVP. Hyperemesis Gravidarum (HG) is the
most severe form and occurs in 0.3-2% of pregnancies. its dinical presentation includes severe
intractable vomiling, often associated with dehydration, weight loss (> 5% pre-pregnancy
weight), ketonuria, metabolic alkalosis and electrolyte disturbances. There is surprisingly litlle
research on this disease that may have killed famous author Chariotte Brontg, was the lesading
cause of maternal death until intravenous hydration was infroduced in the 1950s, and to this day

is the second leading cause of hospitalization of pregnancy after preterm labor.

[0003] Despite the prevalence of nausea and vomiting in pregnancy (NVP) and the gravity of
the most severe form, hyperemesis gravidarum (HG), decades of research have failed to
identify the cause, and a safe and effective treatment has vel 10 be found. While having no
nausea and vomiting has been linked to miscarriage, having severe nausea and vomiting (HG)
is also associated with poor cuicomes including preterm birth, neurodevelopmental delay, and
vitarmin K deficient embryopathy. A varisty of polential causative factors have been
investigated, but the eticlogy remains unknown. Evidence for a genetic predisposition is
provided by classic twin studies of Norwegian, Spanish, and Finnish cohorts that ali support a
genetic component to NVP. Heritability estimates for presence of NVP are as high as 73%.
Siblings and mothers of patients affected with NVP or HG are more likely to be affecied than
siblings and mothers of unaffected individuals. Sisters of women with HG have a 17-fold
increased risk of having HG themselves, and there is a »27-fold increased risk of mother-

daughter recurrence when a mother has HG with two daughters.

{0004] There are no diagnostic tests that can predict individual risk of NVP and HG. There
remains a need for a practical and accessible diagnostic tool for identifving patients at risk of

NVP and HG, facilitating timely therapeutic intervention.

SUMMARY OF THE INVENTION

[0008] The assay reagents and methods described herein meet these needs and others by

providing biomarkers for nausea and vomiling in pregnancy (NVP) and hyperemesis gravidarum

1
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{HG). An assay as described herein is extremely useful {0 practicing clinicians to identify
patients at risk for NVP and HG. The invention thus provides methods for diagnosis and/or
treatment of HG and NVP.

[00086] Described herein is a method of analvzing genetic expression in a sample obtained from
a subject. In one embodiment, the method comprises obtaining a sample from the subject; and
measuring the level of expression product of at least one of the hyperemesis gravidarum (HG)
outlook genes identified in Table 1 in the sample. As used herein, “expression product” includes
both the genotypic expressiorn {e.qg., presence of a varniant) and the phenolypic expression {e.g.,
RNA or protein expression indicative of a genstic variant). Thus, in some embodiments,
measuring an expression product comprises detection of a genetic variant. The method can
further comprise assigning a HG outlook score to the measured amount of expression for each
of the HG outlook genes, wherein the score is between 0 and 1; and calculating a HG status
score, whersin the status score is equal to a combination of the outlock scores assigned. In one
embodiment, the combination is an average outlock score. In other embodiments, the
combination is a total of HG status scores for each outlook gene measured or detected. The
combination can be calculated or determined in other ways thai result in an HG status score
that reflects the number and/or quality of genetic variants detected. In one embodiment, the
presence of g genetic variation associated with HG is assigned a score of 1, and the absence of
the genelic variation is assigned a score of 0. Those skilled in the art will appreciate other

means of assigning and combining HG outlook scores.

{0007] Also provided are methods and reagents useful for improving treatment efficacy for HG.
For example, patients can be tested for the presence of a risk allele that is predictive of ability or
failure o respond to medications, such as ondansetron, promethazine, and metociopramide. As
shown herein, failure o respond o ondansetron is linked to the IGFBFRY HG-risk allels;
ineffectiveness of promethazine is also linked to the /GFBFY HG-risk allele; and response o
metoclopramide is linked to the GDF 15 HG-risk allele. In one embodiment, the invention
provides a method of treating HG, the method comprising treating a patient having HG with
ondansetron or promethazine if the patient is lacking the /GFBP7 HG-risk allele, and treating a

patient with metoclopramide if the patient is positive for the GDF 15 HG-risk allele.

[0008] Due 10 the increased efficacy of ondansetron relative to promethazine, which, in turn, is
more effective than metociopramide, a treating physician may opi to initiate treatment with
ondansetron regardiess of phenotype. Other factors, such as price differences, insurance
coverage, and safety data may also influence which drug is used first. Based on effectiveness,
in most instances, a physician would not use metoclopramide before any of the other drugs,

uritess the patient is homozygous for the GOF15 HG-risk allele. In the latter case,
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metociopramide is predicted {o be almost as effeclive as promethazine in patients with at least

one of the /IGFBP7 risk allelss.

[0009] In one embodiment, the method comprises measuring the expression product of an HG
outlook gene, wherein the HG outlook gene is selected from: GDF15, IGFBPRP7, PGR, and

RYRZ2. In a typical embodiment, at least two of the HG outlock genes of Table 1 are measured.
In some embodiments, three, four, five, six, seven, sight, nineg, ten, or more HG outiook genes

are measured, including those lisied in Table 1, and other HG outiock genes, such as RYR2.

[0010] In one embodiment, the method comprises measuring the level of GDF15 in a sample
cbiained from a subject. If the sample shows levels of GDF15 greater than about 10 ng/mi, the
subject is likely to have or develop HG. Optionally, the method further comprises measuring the
level of IGFBP7 in a sample obiained from the subject, using either the same or another
sample. If the sample shows levels of IGFBP7 greater than about 60 ng/mi, the subject is likely
to have or develop HG. Subjects exhibiting greater than 10 ng/mi GDF 15 and greater than 60
ng/mi IGFBP7 have a 36-fold greater risk of being hospitalized for HG, and are candidates for
treatment with medication, such as ondansetron, promethazine, or metoclopramide. In some
embodiments, a subject showing greater than about 8 ng/mi GDF15 and/or greater than about
50 ng/ml IGFBPY are candidates for treatment with medication. Those skilled in the art will know
to adjust these cut off levels based on the assays employed and comparison to control or
normalization values. For example, the above values are based on data collected from subjecis
at 12 weeks gestation, and use of a different assay, or collection of samples at a different point
in gestation, may involve adjustment {o these values. The forementioned immuncassay is
performed, in some embodiments, using detection of one or both of GDF15 and IGFBP7Y,
optionally, in combination with an additional marker. In some embodiments, the assay is part of
a multi-marker assay that includes reagenis for detecting a panel of up to 20 markers. in some
embodiments, the panel consists of no more than 15 markers, or up to 10 markers, and in some

embodiments, up to 5 markers are used in combination.

[0011] The sample is a bioiogical patient sample, representative examples of which include, a
urine sampie, a bicod sample (including serum), or a saliva sample. In a typical embodiment,
the sample is tested for genotype and/or associated phenotype (RNA, protein expression levels)
for a minimum of 2 alleles in Table 1 {or for an aliele with linkage disequilibrium to the allele in
Tabie 1). Treatment for NVP or HG can be administered to the subject based on the assigned
score for each test and/or combination of tesis. in some embodiments, frealment is
administered 1o the subject based on deteclion of protein levels, such as greater than 10 ng/mil
GDF15 and/or greater than 60 ng/ml IGFBP7. Those skilled in the art will appreciate that the
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cut-off values can be adjusted in accordance with specific adaptations of the methods described

herein.

[0012] Thus, in some embodiments, the measuring comprises contacting the sample obtained
from the subject with reagents for amplifying polynucieotides. In some embodiments, the level of
expression is measured via hybridization of probes that specifically bind polynuclectides
encoding the expression product. In yet other embodiments, the level of expression is measured
via binding of antibodies that specifically bind the expression product. Standard immunoassay
reagenis can be used o detect proteins. Representative immunoassays inciude enzyme
immunoassays (including ELISA), microarray assays, nanosurface assays, western blotting,
alphaliSA, radicimmunocassay, competitive binding assays, and automated instrumentation-

based assays.

{0013} in one embodiment, the HG cutlook gene is GDF15, IGFBPY7, PGR, SYN3, MMADHC,
TMEM38B, HCRTR2, GFRAL, RYRZ and/or PKHD1. The expression can, in a representative
embodiment, be measured via detection of the G allele at rs16982345 (or any alieles in a
shared haplotype (in linkage disequilibrium)} with the G allele ai rs16882345) of GDF15. in
ancther embodiment, the HG outlook gene is a combination of two, three, or four of GDF 15,
IGFBF7, PGR, GFRAL, and RYR2. Examples of such combinations include, but are not limited
to, GDF15 and IGFBP7, GDF15 and PGR,; GDF15 and RYRZ; GDF15 and GFRAL; IGFBPY
and PGR; IGFBP7 and RYRZ2; IGFBP7 and GFRAL, PGR and RYRZ, PGR and GFRAL,
GFRAL and RYRZ;, GDF15, IGFBP7, and GFRAL,; GDF15, PGR, and GFRAL; IGFBP7, PGR,
and GFRAL;, GDF15, IGFBPY, PGR, and GFRAL, GDF15, PGR, and GFRAL,; IGFBP7, PGR,
and GFRAL: as well as GDF15, IGFBP7, and GFRAL.

[0014] In some embodiments, the method further comprises treating the subject for
nausea/vomiting of pregnancy (NVP) or hyperemesis gravidum (HG) if the HG status score s
greater than zere. In one embodiment, the gene is GDF15 and the treatment comprises
administering an anti-GDF 15 agent to the subject. In another embodiment the gene is PGR and
the treatment comprises administering an anti-PGR and/or anti-progesierone agent. In another
embodiment, the gene is MMADHC and the freatment comprises administering vitamin B12 to
the subject. The method can also be used o treat related diseases, including cachexia and low
appetite, while the reverse treatment would be applied for detection of the oiher allele for
treating fetal joss and/or overaclive appetite. In such a reverse treatmernt, the treatment
comprises administering GDF 15 if the genotype is A/A at rs16982345 in GDF 15, and/or

progesterone depending on the genotype at the PGR locus.
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[0015] Also described is a method of treating a subject for NVP or HG. In some embodiments,
the method comprises performing the analyzing described herein; and administering a treatment
for NVF or HG {o the subject if the analyzing results in a status score that is greater than zero.
In some embodiments, the treatment comprises an inhibitor of GDF15, GFRAL, or PGR. In one
embodiment, the invention provides a method of freating a subject for HG, wherein the method
comprises analyzing a sample oblained from the subject for presence of one or more of the
genotype combinations identified in Examples 3 and 5 hereinbelow as asscociated with HG at a
significance of P<0.05; and administering an inhibitor of a corresponding gene if the patient is
positive for the significant genotype combination. Also provided is a method of treating a subject
with an inhibitor of GDF15 or GFRAL, wherein the method comprises assaying a sample
obtained from the subject for the presence of a variant of GDF15 or GFRAL as described
herein, and administering the inhibitor o the subject whose sample contains the corresponding

yvariant.

BRIEF DESCRIFTION OF THE DRAWINGS

[0016] Figure 1 Genome-wide association scans for nausea and vomiting of pregnancy. The
Manhattan plot shows distribution of association test statistics vs. genomic position for (a)
SCAN1 (binary phenotype), and (b} SCANZ (ordinal phenotype). The Manhattan plot shows
distribution of association test statistics versus genomic position. Chromosomes are arranged
along the X-axis. Log10-scaled p-values are shown on the Y-axis. The loci with positions with

p <5 % 1078 are shown in red and the loci with p < 107°° are labeled with names of nearest genes.

[0017] Figure 2 is a scatterplot of serum levels of GDF15 (ng/mi), at 12 weeks gestation in
patients hospitalized for HG (HG), patients with NVP (NVP), and controls with no NVP before 24
weeks gestation (NO NVP).

{0018] Figure 3 is a box plot of serum levels of GDF15 (ng/ml), at 12 weeks gestation in
patients hospitalized for HG (HG), patients with NVP (NVP), and controls with no NVP before 24
weeks gestation (NO NVP).

[0019] Figure 4 is a box plot of serum levels of IGFBPY (ng/mi), at 12 weeks gestation in
patients hospitalized for HG (HG), patients with NVP (NVP), and controls with no NVP before 24
weeks gestation (NO NVP).

{0020] Figure 5 is a box plot of serum levels of beta HCG (miU/ml), at 12 weeks gestation in
patients hospitalized for HG (HG), patients with NVP (NVP), and controls with no NVP before 24
weeks gestation (NO NVP).
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[0021] Figures BA-8C. Three of five HG families show segregation of alleles at GDF15 locus
associated with increased expression of GDF15. Fig. 8A) Family 1is of
English/irish/Sweadish/Welsh decent. Case (1A) reported iv fluid, fotal parenteral nuirifion,
antiemetic medication, home health care, and a 5% weight loss due to HG. Her cousin (18}
reported normal NVP with no weight loss and no medication to treat NVP. Her aunt (1C)
reported antiemetic medication and weight loss due {o HG, and her great aunt (1D} reported
antiemetic medication and unrelenting nausea that kept her bedridden for 8 months due to HG.
Fig. 6B) Family 2 is of English/German/Scottish/irish decent. Case (2A) reported iv fluid,
hospitalization, >5% weight loss, and antiemetic medication {o treat her HG. Her aunt (2B)
reported iv fluid, hospitalization, weight loss, and antiemetic medication fo treat her HG. Her
cousin [affected aunt’s daughter, (20)] reported antiemetic medication and a 24-pound weight
loss in the first trimester due to HG. Participant 2D, the unaffected sister of 2C, reporied 2 easy
pregnancies with no weight loss nor treatment for NVP. Fig. 8C) Family 3 is of English/lrish
descent. Case (3A) reported iv fluid, hospitalization, >10% weight loss, and antiemetic
medication to treat HG. One affected sister (3B) reported iv fluid, hospitalization, and antiemetic
medication o treat HG. The other affected sister (3C) reported iv fluid, hospitalization, weight
ioss, and antiemetic medication to treat HG. Their unaffected aunt (3E) reported mild NVP with

no medication nor weight loss.

[0022] Figure 7 is Table 1.2, which shows the resulis of the genome-wide association study of
no NVP vs HG (SCANT) with p < 10-6. The directions of odds ratios (OR) correspond to the

minor aliele, listed second.

{0023] Figure 8 is Table 1.4, which shows the results of GWAS of NVYP as an ordinal response

{SCANZ) with p < 5x 1073, The directions of effect correspond to the minor allele, listed second.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Described herein are methods and Kits for detecting and treating nausea and vomiting in
pregnancy (NVP) and hyperemesis gravidarum (HG). These markers and methods of using
these markers of NVP and/or HG address a long-felt need for diagnostic tests that can predict
individual risk of NVP and HG, as well as freatment options for severe nausea and vomiting
{HG) that is associated with poor outcomes including preterm birth, neurodevelopmental delay,
and vitamin K deficient embryopathy. The invention provides genetic analyses as well as serum
tests, e.g. for GDF15 and IGFBP7, that can be used {o identify patients at risk for HG.
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Definitions

100251 All scientific and technical terms used in this application have meanings commonly used
in the art unless otherwise specified. As used in this application, the following words or phrases

have the meanings specified.

100281 As used herein, a “control” or “reference” sample means a sample that is representative
of normal measures of the respeciive marker, such as would be oblained from normal, healthy
conirol subjects, or a baseline amount of marker to be used for comparison. Typically, a
baseline will be a measurement taken from the same subiect or patient. The sample can be an
actual sample used for testing, or a reference level or range, basad on known normal

measuraments of the corresponding marker.

[00271 As used herein, a “significant difference” means a difference that can be detected in a
manner that is considered reliable by one skilled in the art, such as a statistically significant
difference, or a difference that is of sufficient magnitude that, under the circumstances, can be
detected with a reasonabile level of reliability. In one example, an increase or decrease of 10%
relative {0 a reference sample is a significant difference. In other examples, an increase or
decrease of 20%, 30%, 40%, or 50% relative to the reference sample is considered a significant
difference. In yet another example, an increase of two-fold relative o a reference sample is

considerad significant.

100281 “Nucleotide segquence” refers 1o a heteropelymer of deoxyribonuciectides,
ribonucleotides, or peptide-nucieic acid seguences that may be assembied from smaller
fragments, isolated from larger fragmenis, or chemically synthesized de novo or partially
synthesized by combining shorter oligonuciectide linkers, or from a series of oligonuciestides, {0

provide a sequence which is capable of expressing the encoded protein.

[0028] As used herein, "pharmaceutically acceptable carrier” or “excipient” includes any
material which, when combined with an aclive ingredient, allows the ingredient to refain
biclogical activity and is non-reactive with the subject’'s immune system. Examples include, but
are not limited to, any of the standard pharmaceutical carriers such as a phosphate buffered
saline solution, waler, emuisions such as oil/water emulsion, and various types of wetling
agents. Preferred diluents for aerosol or parenteral administration are phosphate buffered

saline or normal {0.9%) saline.

{0030] Compositions comprising such carriers are formulated by well-known conventional
methods (see, for example, Remington's Pharmaceutical Sciences, 18th edition, A. Gennaro,

ed., Mack Publishing Co., Easton, PA, 1890).
7
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[0021] As used herein, the term "subject” includes any human or non-human animal. The term
non-human animal” includes all vertebrates, e.g., mammals and non-mammals, such as non-
human primates, horses, sheep, dogs, cows, pigs, chickens, and other veterinary subjects. In a

typical embodiment, the subject is a human.

[0032] As used herein, “@” or "an” means at least one, uniess clearly indicated otherwise.

Methods of the Invention

100331 The invention provides methods for analyzing gensetlic expression, or assaying gene
expression status in a sample obtained from a subject, for diagnosing NVP and/or HG in a

subject, as well as methods for predicting, treating, and/or monitering NVP and/or HG.

100341 In one embodiment, the method comprises obtaining a sampile from the subject, and
measuring the level of expression product of at least one of the hyperemesis gravidarum (HG)
outlook genes identified in Table 1 in the sampie. The method can further comprise assigning a
HG outlook score to the measured amount of expression for each of the HG outlook genes,
wherein the score is between 0 and 1; and calculating a HG status score, wherein the status
score is equal to the average outlook score assigned. In other embodiments, the combination is
a total of HG status scores for each outlook gene measured or detected. In one embodiment,
the presence of a genetic variation associated with HG is assigned a score of 1, and the
absence of the genetic variation is assigned a score of 0. Those skilled in the art will appreciate
other means of assigning and combining HG outlook scores. The combination can be calculated
or determined in other ways that result in an HG status score that reflects the number andfor

quality of genetic variants detected.

{0035] In one embodiment, the method comprises measuring the expression product of an HG
outlook gene, wherein the HG outlook gene is selected from: GDF15, IGFBR7, PGR, and
RYRZ2. In a typical embodiment, at least two of the HG outlook genes of Table 1 are measured.
in some embodiments, three, four, five, six, seven, 2ight, nine, ten, or more HG outlock genes
are measured, including those listed in Table 1, and other HG outlook genes, such as RYRZ. In
one embodiment, the method comprises measuring the expression product of GDF15 and
{GFBPY. In ancther embodiment, the method comprises measuring the expression product of at
least 3 of the HG outlook genes selected from GDF15, IGFBR7, PGR, and RYRZ. In yet another
embodiment, the method comprises measuring the expression product of at least 3 of the HG
outlock genes selected from GDF15, IGFBPR7, PGR, SYN3, MMADHC, TMEM38B, and RYRZ.
in one embodiment, the method comprises measuring the expression product of each of
GDF15, IGFBP7, PGR, and RYRZ. In one embodiment, the method comprises measuring
GDF15 and/or IGFBP7.
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[0036] In one embodiment, the method comprises defecting the presence of a genetic variant
as described in Table 1. The detection of a genetic variant as described herein can be used i
predict, detect and/or diagnose NV, HG, cachexia, fetal loss, or an appetite disorder.
Described herein are a number of SNPs, some of which are on separate haplotypes for the
same gene {e.q., for GDF15 and PGR). In one embodiment, the method comprises detection of

at least one SNP per haplotype.

[0037] The sample is a biological patient sample, representative examples of which include, a
urine sampie, a biood or serum sample, or a saliva sample. In a typical embodiment, the sample
is tested for genolype and/or associated phenotype (RNA, protein expression levels) for a
minimum of 2 alieles in Table 1 {or for an zllele with linkage disequilibrium {o the sliele in Table
1). Treatment for NVP or HG can be administered to the subject based on the assigned score

for each test and/or combination of tests.

100381 Thus, in some embodiments, the measuring comprises contacting the sample oblained
from the subject with reagents for amplifying polynuciectides. In some embodiments, the level of
expression is measured via hybridization of probes that specifically bind polynuciectides
encoding the expression product. In yet other embodiments, the leval of expression is measured
via binding of antibodies that specifically bind the expression preduct. in one embodiment, the
levels of GDF15 and/or IGFBP7 are assayed. in one embodiment, the method comprises an
immunoassay for GDF15 and IGFBP7, wherein levels of these proteins are detected in a patient

sample, such as, for example, a serum sample.

[0039] in one embodiment, the HG outlook gene is GDF15, IGFBPY, PGR, SYN3, MMADHC,
TMEM38B, HCRTRZ, GFRAL, RYRZ and/or PKHD1. The expression can, in a representative
embodiment, be measured via detection of the G allele at rs16982345 (or any alleles in a
shared haplotype (in linkage disequilibrium) with the G allele) at rs169882345 in GDF15.

(00407 In one embodiment, the method comprises:

{(a) contacting a sample obtained from the subject with reagents that specifically
bind to and/or amplify and/or detect at least one HG outlook gene selected from Table 1
or Table 2;

{b} measuring the level or presence of the HG outlook gene;

{c} assigning a status score that reflects the measured amount or presence of

HG outlook gene relative to a normal control;

{d} referring the subject for treatment of NV and/or HG if the status score is

significantly greater than 1.
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[0041] In one embodiment, step (a) is performed with one HG cutlook gene from Table 1 and
one HG outlock gene from Table 2. In ancther embodiment, step (a) is performed with at least
two HG outlock genes from Table 1 and at least one HG outlook gene from Table 2. Inone
embodiment, step (a) is performed with one of the combinations of HG outlook genes listed in

Table 3 or Example 5.

100421 In some embodiments, the method further comprises treating the subject for
nausea/vomiting of pregnancy (NVP) or hyperemesis gravidum (HG) if the HG status score is
greater than zero. In one embodiment, the gene is GDF15 and the treatment comprises
administering an anti-GDF15 agent to the subject. in another embodiment the gene is PGR and
the treatment comprises administering an anti-PGR and/or anti-progesterone agent. In another
embodiment, the gene is MMADHC and the trealment comprises administering vitamin B12 to
the subject. The method can be adapled for related diseases, including cachexia and low
apnsetite, while the reverse treatmant would be applied for detection of the other allels for
treating fetal loss and/or overactive appetite. In such a treatment (in reverse), the methed
comprises administering GDF15 if the genotype is A/A at rs168982345 in GDF15, and/or

progesterone depending on the genotype at the PGR locus.

[0043] Other examples of treatment include, but are not limited to, administering to the subject
one or more antiemetic agents (e.q., ondansetron, diclegis, propranociol, or a related drug that

inhibits the pathway thal includes RYR2 and other calcium channel signaling proteins).

0044] Also provided is a method of monitoring NVP and/or HG, and/or cachexia, an appetite

disorder, and/or fetal loss, in a subject. In one embodiment, the method comprises:

{a) contacting a sample oblained from the subject with reagents that specifically

bind to an expression product of at least one HG outlook gene selected from Table 1;
{b) measuring the level of binding to the HG outlook gene expression product;

{c) assigning a status score that reflects the measured amount of HG cutlook

gene expression produci relative to a normal control;

{d} treating the subject for NVP and/or HG (or related disease) if the status score
is significantly greater than 1,
{(e) repeating steps (a) to (¢}, and

(f) adjusting the treatment when the status score is not rending toward 1.

[0045] Also provided is a method of treating a subject for NVP or HG. In some embodiments,
the method comprises performing the analyzing described herein; and administering a treatment

for NVP or HG to the subject if the analyzing results in a status score that is greater than zero.
10
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In some embodiments, the treatment comprises an inhibitor of GDF15, GFRAL, or PGR. In one

embodiment, the invention provides a method of treating a subject for HG, wherein the method
comprises analyzing a sample obtained from the subject for presence of one or more of the
genotype combinations identified in Table 3 or Example 5 hereinbelow as associated with HG at
a significance of P<0.05; and administering an inhibitor of a corresponding gene if the patient is
positive for the significant genctype combination. Also provided is a method of treating a subject
with an inhibitor of GDF15 or GFRAL, wherein the method comprises assaying a sample
obtained from the subject for the presence of a variant of GDF15 or GFRAL as described
herein, and administering the inhibitor to the subject whose sample contains the corresponding

variant,

Markars

{0048] Table 1. Gravidarum Outlook Genes:

[0047] Listed below are genetic variants (listed second in the “alleles” column) indicaiive of
HG/NVP that can be detected via genotypic and/or phenotypic measures. A variant (associated
with HG/NVP) can be detected, for example, by sequencing DNA obtained from a sample {(or
running an allelic discrimination assay), or, in some cases, by detecting an expression product

that reveals the presence of the variant.

cytoband SNP alleles gene context
19p13.11 | rs45543338 | C/T GDF15-LRRC25
412 rs143408503 | D/ IGFBFT-

22g12.3 | rsb898706 CiT SYN3-

2023.3 rs114571265 | C/G MMADHC-RND3
9q31.2 1556108151 | A/IG TMEM38B-ZNF462
19p13.11 | rs16882345 | A/G GDF16-LRRC25
11g22.1 rs2508362 A/G PGR-TRPC6

6915 rsd 707680 CIT MAP3K7-
22g11.23 | rs201838815 | DA SPECCITL
op12.1 rs7 764177 7h) HCRTR2-GFRAL
4031.21 rs4690766 /G INPP4B-UUSFP38

Gp12.3 rs2076308 C/iG TFAPZB-PKHDT
9q21.32 | rs11783821 | A/G FRMD3-1DNK
22q12.3 | rs35870726 | DA SYN3-LARGE
13g21.1 rs17077506 | C/G SLITRKT-
4¢32.1 rs148644662 | G/T CTSO-PDGFC
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249211 rs11388016 | DA NCAMZ

2037.3 rs12992646 | C/T CXR7-COPS8
6g16.2 rs75481205 | A/G PROMI3-MCHRZ2
rs34345957 | DA LRRCZ25
rs4808787 AIG PGPEPT
rs2508353 GIT PGR-TRPCE
1578571520 | A/G PGR

4012 rs4865234 AIG IGFBFT-

11g22.1 rs7948518 c PGR-TRPCS
19p13.11 | rs1058587 CIG GDF15

[0048] In one embodiment, the HG outlook gene is at least one HG outlook gene selected from
Table 1 or at least one combination of genes listad in Table 3 or Example 5. Inone
embodiment, at least two or more HG outlock genes of Table 1 is used in combination.
Examples of combinations of HG outlook genes include: one or more of the combinations listed
in Table 3 or Example 5; GDF15 and an additional HG outlook gene selecied from Table 1,
PGR and an additional HG outlook gene selected from Table 1; IGFBP7 and an additional HG
outiock gene selected from Table 1, RYR2 and an additional HG outiock gene selected from
Table 1; SYN3J and an additional HG outlook gene selecied from Tabile 1; MMADHC and an
additional HG cutlook gene selected from Table 1, TMEM38B and an additional HG outlook
gene selected from Table 1, MAP3KY and an additional HG outlook gene selectad from Tabie 1,
SPECC1L and an additional HG outlook gene selected from Table 1; SPECC1HL and an
additional HG outlook gene selected from Table 1; GDF15 and IGFBP7 and an additional HG
outiook gene selected from Table 1; any combination of 3 or more HG outlook genes selected
from Table 1; any combination of 4, 5, 8, 7, 8, 8, 10, or 11 HG outlook genes of Table 1. In one
embodiment, the combination of HG outlock genes is 2, 3, 4, or 5 HG cutlook genes selected
from Table 1. In another embodiment, the combination of HG outlook genes is at least one HG
outiock gene from Table 1, and at least one HG cutlook gene from Table 2. In another
embodiment, the combination of HG outlook genes is at least one HG outlook gene from Table
1, and at least one combination of HG outlook genes from Table 3. in another embodiment, the
combination of HG outlook genes is at least one HG outlook gene from Table 2, and at least
one combination of HG outlook genes from Table 3. In another embodiment, the combination of

HG outlock genes is at least one HG outiook gene from each of Tables 1, 2, and 3.

Kits and Assay Standards

[0049] The invention provides kits comprising a set of reagents as described herein, such as

antibodies that specifically bind one or more HG outlook genes of the invention (or their
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expression products), and optionally, one or more suitable containers containing reagenis of the
invention. Reagents include molecules that specifically bind and/or amplify and/or detect one or
more HG cutiook genes or related expression products of the invention. Such molecules can be
provided in the form of a microarray or other article of manufacture for use in an assay
described herein. One example of a reagent is an antibody or nucleic acid probe that is specific
for the HG outiock gene {(or its expression product, e.g. GDF15 and/or IGFBPY). Ancther
example includes probes (or primers) that selectively identify one or more genotypes described
herein. Reagents can oplionally include a deteclable label. Labels can be fluorescent,

luminescent, enzymatic, chromogenic, or radioactive.

(00501 Kits of the invention optionally comprise an assay standard or a set of assay standards,
either separately or together with other reagents. An assay standard can serve as a normal
control by providing a reference level of normal expression for a given HG outiook gene that is

representative of a healthy individual.

[0051] Kits can include probes for detection of alternative gene expression products in addition
to antibodies for protein detection. The kit can optionally include a buffer. Reagents and
standards can be provided in combinations reflecting the combinations of HG outlock genes

described herein as useful for the detection of HG and/or NVP.

EXAMPLES

[0052] The following examples are presented {o lllustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are not intended in any way

to otherwise limit the scope of the invention.

Example 1. Placenta and appelite genes GDF15 and IGFBPY are associgted with HG

[0053] This Example a describes a genome-wide association study (GWAS) for binary (HG)
and ordinal {severity of nausea and vomiting) phenotypes of pregnancy complications. Two loci,
chri9p13.11 and chrdg12, are genome-wide significant {p < 5 x 10-8) in both association scans
and are replicated in an independent cohort. The genes implicated at these two loci are GDF15
and IGFBP7 respectively, both known to be involved in placentation, appetite, and cachexia.
This GWAS provides insights into the genetic risk factors contributing to the disease.
Supplementary materials referenced in this Example, including Supplementary Notes, Data, and
Tables, can be found online in connection with the published version of this work at Fejzo et al.,
Nature Communications 9, Article Number 1178 (2018) doi:10.1038/s41467-018-03258-0, and
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can also be found in related provisional patent application number 62/598,704, filed December
8, 2017.

[0054] Genome-wide association scan of the binary phenotype

[0055] For SCAN1, we compared the ends of the clinical spectrum of NVP, HG versus absence
of NVP. Participants were female customers of 23andMe, who consented {o participate in
research, are of European ancestry, and have completed the relevant on-line surveys. A total of
1306 research participants reporting that they received intravenous fluid (V) therapy for NVP
were classified as HG cases, and 15,758 participants who reported no NVP served as controls.
Cohort statistics are shown in Table 1.1. Manhatian and guantiie-quantile plots are shown in
Fig. 1a and Supplementary Fig. 1a, respectively, and SNP-level QC information is shown in

Supplementary Table 1b.

100861 Table 1.1 Demographic characteristics of unrelated female individuals of European
descent included in SCAN1.

_Phenotype | Group  Total Female Age<30  30-44 45-58 80

HG Case 1306 1308 45(3%)  431(33%)  555(42%) 275 21%)
: ; : : : V 3487 (22%) 5357 (34% 6520 (41%)

{00571 Most significantly associated single-nucleotide polymorphisms (SNPs) or insertion or
deletion polymorphisms (indels) in each locus are shown in Table 1.2. Two loci, chrigp13.11
(rs45543339, OR = 0.67, 95% C1{0.60, 0.74], p=1.9 % 107" and chrdg12 (rs 143409503,
OR=0.75[0.69, 0.82], p=4.5x 107", reached genome-wide significance (p <5x= 107%). The
99% credible set for the chr19p13.11 association signal overlapped two genes, GDF15 and
LRRC25 (see Supplementary Figure 2), and contained a common missense variant in GDF15
(rs10588587, p.H202D, MAF =0.25 OR =068 [0.62, 0.75], p= 3.4 x 10-"% in high linkags
disequilibrium (LD} with the lead SNP rsd5543338 (= 0.88 D’ =0.99). The chrdg12
association signal fell within an intergenic region with the closest genes being an
uncharacterized IncRNA LOC101928851 (~18.7 kbp away from rs143409503) and protein-
coding gene IGFBPT7 (~380 kbp away from rs143408503). In addition, there were three more

association signals with p < 107 (Table 1.2).

{0058] Table 1.2 shows the results of the genome-wide asscciation study of no NVP vs HG
(SCAN1T) with p < 10-6. The directions of odds ratios (OR) correspond to the minor allele, listed

second.

{0059] Genome-wide association scan of the ordinal phenotype
14
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(00680} For SCANZ, we next conducted a genome-wide association scan of the 53,731

unrelated female 23andMe research participants of European descent, using NVP severily as
an ordinal response: none (N = 14,988}, slight (N = 14,282}, moderate (N= 17,786}, severe

(N = 5445), and very severe NVP (N = 1220), coded on a scale of 0 1o 4. Details of the definition
of each response based on the survey data can be found in the Methods section. Cohort
statistics are shown in Table 1.2. Manhaitan and guantile~guantile plots are shown in Fig. 1b,

and SNP-level QU information is shown in Supplementary Table 1c.

[0081] Table 1.2 Demographic characteristics of unrelated female individuals of European
descent inciuded in SCANZ

Phenciype Group Total Age < 30 38-44 45-53 260
: a3 5129 6154
None C 14,988 0 373{2.5%) . e e s e
tone  IAIRS STIEINL poon (@a2w) (4119
L g3s PLEn 5593
: Shight F14,292 233 {1.8%) ¢ Lo . DR
- TN gmase) (338%)  (46.19)
- NVP : l l ?
| 3892 6233 7470
: C Moderate 17,786 ¢ 2% s L y » ;
Moderate 17,786 391 (2.2%;) 20.8%) - (35.0%) (42.0%)
D Y 1Y 1580 2427
| Sever 15445 140{2.6%) % . s .
ocevere  o8E UL psgon  (o0%)  (44.6%)
| % - 409 - 250
CVery severe 1220 1 421{3.4Y%) " F518442.8%)
Verysevere 1220 AZQAN) gy gy SITUESH o0 o

[0062] The two most strongly associated loci in SCANZ were also genome-wide significant in
SCANT: chr19p13.11 (rs16882345, §=~0.104 [-0.12, -0.088], p=2.4 x 10""} and chrd4q12
{(rs143409503, B =-0.072 [-0.088, ~0.058], p= 9.2 x 107%). Five additional regions reached
genome-wide significance in SCANZ2 (Table 1.4, Supplementary Figure 3) and there were eight

additional association signals in SCANZ with p < 107° (Supplementary Table 2).

{0063] Table 1.4 shows the results of GWAS of NVP as an ordinal response (SCANZ) with

p< 5= 107" The directions of effect correspond to the minor allele, listed second.

[0064] Replication

[0065] Two loci were genome-wide significant in both association scans and were selected for
replication genotyping. Given that the replication cohorts contain information on HG as a binary
trait and that HG is the more clinically relevant phenotype, three additional loci with p <1078 in

the binary trait scan (SCANT) were also selected for replication. The first replication cohort (HG-
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IV} included 788 women with HG requiring 1V fluid treatment and 806 controls reporting normal
NVP. The second replication cohort (HG-TPN) included only women at the extreme ends of the
clinical spectrum, 110 women requiring total parenteral nutrition (TPN) and 143 women
reporting no NVF. Basic demographics of the replication cohorts are shown in Table 1.5 Over

90% of participants self-reported that they were of European descent.

{0066] Table 1.5 Demographic characteristics of the replication cohorts HG-1V consisting of HG
patients treated with intravenous (1V) fluids and controls with untreated NVP, and HG-TPN

consisting of HG patients treated with total parenteral nutrition (TPN) and controls with no NVP.

T{)t:ﬂi% Year Ethnicity% Attﬁndedg Advam:ed§ Firstchiid%
~ bomn (Ewopean  college  degree  yearbormn

{average) = descent)

HG-1V
HG o o7e 1977 50% 61% 1996 2003
Control BOG 1975 929 529 18% 2002
Ko | | | |

HG 116 1976 30% 51% 26% 2002
Control 143 1974 93% 51% 25% 2001

[0067] We selected rs16882345 in the chr19p13.11 locus as a proxy for the lead SNP
rs45543339 (r* = 0.98, D' =0.99) for replication in HG-1V (because rs16882345 had a
commerciaily available high guality SNP assay using the Tagman genotyping system).
rs16982345 was successfully genotyped in 789 individuals with clinically defined HG and 581
centrols reporting normal NVP using the TagMan genotyping platform (Table 1.6). The call rate
was >85%. The replication results for rs 16982345 were supportive of the GWAS result
(p=28x1077, OR=1.63[1.35 1.98)]).

100681 Table 1.6 Replication results based on Fisher's exact test for the two most significantly
associated loct in SCANT and SCANZ: r5160982345 (chr19p13.11), rs4865234 (chrdq12), and
the three association signals in SCANT withp>5x10% and p <1 x 107® rs5754397 (SYN3)
rs 78353059 (MMADHC/RND3), and rs568108151 (TMEMB38B/ZNF462).

& Genotype Genotype Genotyps %pnvaiue OR 85% ¢}
5 1 2 3 : a 5
1516982345 GG A A4

5
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ONTROL 581 2.80x 107 163 1.35-1.98

N3
ot
<
£
f—

15TPN 103 68

(€8]
&8
3

IONYP 136 78 51 10 0,04 161 LOI-2ED
54865234 AA AG a6

HG-IV 778 404 312 52

{4t
51

ONTROL 603 259 273 s 350% 10 1, 1.14-1.59

NONVP 143 57 66 29 2ALX 10 1AL 121273

DNTROL 606 180 73 153 051 095 082-111

R
s
e
iy
s
s
o2

S
L
L
fed
=4
[}

107 0.74-156

2 d

CONTROL 596 561 34 1 0.82 107 086171

- 0.48-4.80

(o))
N2
et
s
Ca

ONVE 136 135 11 L 0.62

1008381 The number (N} in Table 1.6 for each group is the {otal number of samples that were

successfully genotyped. The call rate was »85%. OR estimates, 95% confidence intervals, and
p-values were computed using 2 » 2 contingency tables in R. The effect allele is assumed o be

the allele in the left-most (i.e., first) homozygous cell.

[0070] We also successfully genotyped the variant in 103 women with HG who reguired TPN
and 136 women who reported no NVP in at least two pregnancies (HG-TPN). The genolyping
resulls had comparable effect size, but were not significant after multiple testing correction
{p=0.04, OR=161[1.01, 2.60}) (Table 1.6).
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[0071] We also performed repiication of the second genome-wide significant iocus. rs4865234

was used as a proxy for rs 143409503 (= 0.85, ¥ = 1.0) (because rs143409503 is an indel,
which cannot be assayed using the TagMan genotyping system). rs4865234 replicated in HG-IV
{P=3.5%10"% OR=1.35[1.14, 1.59]) (Table 1.8). The genotyping results of DNA from HG-TPN
were also supportive (p=2.8x 103 OR=1.81[1.21, 2.73]).

[0072] The three additional SNPs with p < 107% in the binary trait scan (rs5754397, rs78353059,
rs56108151) did not replicate in HG-IV nor in HG-TPN (p > 0.05, see Table 1.6).

[0073] Combined analysis

[0074] For the replicated ioci, we combined the replication results with SCANT using a fixed-
effect meta-analysis (Table 1.7). Briefly, this test computes a weighted average of odds-ratic
estimates across studies while accounting for standard errors. For rs16982345 on chri9p13.11,
we estimated a meta-OR of 1.50 [1.38, 1.85] (p=2.12 x 107'%). Heterogeneity of individual effect
sizes did not appear to influence the combined estimate {phet = 0.66). For rs4865234 on
chr4g12, the meta-OR was 1.33[1.23, 1.82] (p=9.29 x 107"%) with little evidence of effect size
heterogeneity (phet=0.727).

[0075] Table 1.7 Results of meta-analysis of SCAN1T and replication cohorts (A1 is the allele

associated with increased risk of HG).

SNPCHR B8P A0 AL Study  HG  CONTROL  OR  95%¢ pvalue | Hetp
: V Al Freqg Al Freqg V
. SCAMI 08 073 147 [133,163]  6.81E-15 -
9 . HGN 083 075 163 [1.35,1.98]  2.80E-07 -
pei o~ ; z 5 : : : : z
& o A G _ _ : n 5 %
€ o S HGIPN 082 074 161 [1.01,260]  400E-02 -
AR META - - 15 [138,165]  2.12E-1%  6.62E-01
CSCANL 0T 064 132 [120,143]  T.956-10 -
- CHGV 072 066 143 [116,179]  9.00E-04 -
pe W z 5 5 : : : :
& 2 G A _ . 5 5 %
2 . B CHGTPN 075 0,63 182 [120,270] 28103 -
b £ & : :
20w 6 META - - 133 [123,162]  9.29E-12  T.2TE-01

[0078] Conditional analyses

100771 In order 1o identify additional association signals, we performed stepwise conditional
analysis at all loci that reached genome-wide significance in either SCAN1 or SCAN2.

Conditional analysis detected secondary associations in the chri19p13.11 locus in SCANT and in
18
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the chriSp13.11 and PGR/TRPCS ioci in SCANZ (Supplementary Table 3 and Supplementary

Figures 4 and 5). LD between the primary and secondary signals is low (% < 0.01), suggesting

that they are independent signals corresponding to multiple risk variants within the locus.

[0078] The secondary signal in the chr19p13.11 locus identified from SCAN1 {rs1054221,
OR=1.381{1.22, 1.56], p= 1.7 x 107") maps within the 3° UTR of GDF15. The secondary signal
from SCANZ in this same locus is a common, single-nuclectide deletion with an effect
comparable to the primary association (rs34345957 B=0.11{0.089, 0.131, p=1.1x 107,

MAF = 0.14), located in the infron of LRRC25, and in high LD ,2=0.98, D' =1.0) with the
secondary signal in SCAN1. The tertiary association signal within the chri9p13.11 locus in
SCANZ is weaker (rs4808787, B =-0.037 [-0.053, =0.021}, p=6.0 % 107% and is located in the
5 UTR of the long isoform of PGPEP1.

[0079] Functional analyses of chr189p13.11 and chrd4q12 genomic loci

(00801 The genomic context of the replicated loci chriSp13.11 and chrd4qg12 was analyzed using
HaploReg" (Supplementary Data 1). Within those two regions, we analyzed A) the index SNPs
for strongest association in SCAN1T (rs45543339 and rs143400503) and the proxy SNPs that
were confirmed in B) the independent replication cohort (rs18982345 and rs4865234).

[0081] The lead SNP at chri9p13.11, rs45543339, was located in an intron of LRRC25, and the
only notable functional annotation was an eQTL for KCNN1 in mucosa of the esophagus.

rs 16982345, which is within the 89% credible set at this locus and is in tight LD (r* = 0.98) with
the lead SNP ra45543339, is incated within an intron of GDF15 (Supplementary Data 1 and 2).
it overlapped enhancer histone marks in three tissues, including placenta, and DNAse
hypersensitivity sites in nine tissues, including ovary. A summary of the variants in LD with the
lead SNP and associated with altered GDF 15 expression is shown in Supplementary Data
217,18,19.20.38.4041.42.44 wiith the full list of variants in LD with the lead SNP identified using
HaploReg listed in Supplementary Data 1. One of the varianis associated with HG in SCANT,
rs17725098 {(p= 1.03 = 10-13) and in LD with rs16982345 (12 =0.77), was the top association
signal (B=0.18, p= 1.47 = 10-107) in a conference abstract which identified variants influencing
GDF15 levels in patients with cardiovascular disease'®. The SNP rs17725099 was also
associated with circulating levels of GDF15 in the first study to report on the heritabiiity of
GDF15 plasma concentration’®. In addition, rs 1058587, a SNP in perfect LD (r = 1) with the
iead SNP and a part of the 89% credible set at this locus in SCAN1, has previously been
associated with altered GDF 15 expression. Expression levels of GDF15 were compared in an in
vitfre model between the cell line DU14S transfected with wild-type GDF 18 (rs1058587, C aliele)
and GDF15 (rs1058587, G aliele)™®. The C aliele of rs1058587 was associated with increased
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GDF15 levels in the in vitro model and was also the risk allele associated with HG, providing
evidence that the direction of effect is toward higher levels of GDF15 for HG compared to

controls.

[0082] The lead indel at chrd4q12, rs143408503, mapped ¢ an infergenic region with the closest
protein-coding gene being IGFBP7, ~380 kbp away from the marker. No notable features were
identified using HaploReg", the GTEx portal, nor ExSNP21 databases. Other phenotypes
associated with SNPs in GDF15 and IGFBP7 are reported in Supplementary Note

4 41,42,43,44 45 46,47 48,49,50,51,52,53,54,55,56,56

100831 Discussion

[0084] This GWAS of HG identified two genome-wide significant signals that were subseqguently
replicated in the larger of two independent cohorts (HG-1V). The most significantly associated
iocus on chr19p13.11 contained genes GDF 15 and LRRU25. While we cannot be certain which
gene or genes are implicated, SNPs in LD with the associated variants at the chri19p13.11 locus
were found to be associated with altered expression of GDF15. In addition, the gene encoding
the receptor for GDF 15, the brainstem-restricted receptor GFRALZ2, was associated with NVP
in SCANZ (Table 1.4} adding further evidence supporting a previously unknown biological
connection between GDF15 and HG. While the resuits of this study do not establish a causal
link between GDF15 and HG, the association between this gene and HG is of particular
importance because if highlights the possibility of a pathway involved in the etiology of the
condition. GDF15 encodes a TGF-B superfamily member that is expressed at ifs highest levels
in the frophoblast cells of the placenta®™. The protein is found in maternal serum and increases
significantly in the first two trimesters®. GDF15 is believed to suppress production of
oroinflammatory cytokines in order to facilitate placentation and maintain pregnancy®. In
addition to its role in pregnancy, GDF18 has been shown to be a regulator of physiciogical body
weaight and appetite via activation of neurons in the hypothalamus and area postrema (vomiting
center) of the brainstem?#®_ it is also notable that abnormal overproduction of GDF15 in cancer
was recently found o be the key driver of cancer anorexia and cachexia which, like HG, exhibits
symptoms of chronic nausea and weight loss? 2%, (Of particular clinical interest, inhibition of
GDF15 restored appetite and weight gain in a mouse model of cancer cachexia®®, suggesting a
therapeutic strategy that may be applicable {o patients with HG, if GDF15 proves o be the

implicated gene.

100851 The other locus that reached genome-wide significance and was confirmed in the
independent replication cohort, is chrdqgi2. Although there were no genes that can be directly

related to the association signal, the protein-coding gene closest to the lead variant is IGFBP7.
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We have not found eQTLs that link the variants associated in this study to expression of
IGFBP7, however, this can be explained at least in part by a lack of eQTL data in relevant
tissues during pregnancy. The notably similar and functionally relevant roles of IGFBF7 and
GDF15 (in placentation, cachexia, and feeding behavior) make a compelling argument for
IGFBPY despite the lack of evidence linking the association signal to its expression. insulin-like
growth factor binding protein 7 (IGFBP7) is a gene involved in implantation and decidualization
of the pregnant uterus®®. Like GDF15, IGFBP7T is significantly upregulated after implantation and
highly expressed in the developing placenta®. inhibition of IGFBF7 caused pregnancy loss in a
mouse model by shifting uterine cytokines to Th1 type dominance and repressing uterine
decidualization®. Thus IGFBP7 may play roles in both miscarriage and in the severity of NVP,
providing a genetic mechanism for the protective effect of NVP. In addition, like GDF15,
evidence points to IGFBP7 as a promising biomarker for cachexia associated with end-stage
disease?®. An intriguing finding is that the Drosophila homolog of IGFBP7 has been suggested
{o play a role in neuronal coordination between metabolic status and feeding behavior,
potentially, like with HG, causing food aversion {o normally attractive food, even when starving,

and vice versa®'.

(00881 The strengths of this study include the well-defined phenolype and large sample sizes in
two scans and the HG-IV replication sample. The strong independently replicated association
signals, and the fact that both candidate genes have roles in early pregnancy when HG sets in,
support these genes as functional as well as posilional candidate genes3(0,32. However, it is
important to replicate the findings reported herein, both using larger replication sample sizes (for
HG-TPN vs no NVP) and in studies of different sthnicities to determine whether the findings can
be validated and generalized to other populations. Ancther caveat is that while the conditional
analysis yielded additional association signals at chri19p13.11 that may act independently of the
lead association signal, they were not replicated. Replication is necessary to defermine if
additional independent variants are asscciated at this locus. Finally, the lack of eQTL data and
considerable distance between the chrdq12 association signal and the closest gene IGFBP7 is

a noteworthy limitation.

[0087] Since GDF15 and IGFBPY levels are upregulated during placentation and
cachexia®>**2%23% and downregulated prior to miscarriage® 2, serum concentrations of GDF15
and IGFBP7 should now be studied in pregnant women with and without HG. Drugs targeting
these proteins provide clinical utility in treating HG. Such a study may also lead to new methods
for prediction and diagnosis. In addition, the SCANZ resulis suggest a great potential for
discovering additional loci associated with HG or NVP. Finally, the findings herein suggest an
answer to an age-old paradox. HG can lead to prolonged dehydration and undernutrition, which

can be detrimental to maternal and fetal heailth and can decrease reproductive filness. The dual
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roles of GDF15 and IGFBP7 in maintaining pregnancy and in increasing the risk of HG may

provide a molecular explanation for why NVP still exists in nature.

[0088] Methods

[0089] Human subjects for GWAS

[0080] GWAS participants were customers of 23andMe, Inc. who consented to participate in
research, and provided answers {0 the morning sickness-related guestions. Two genome-wide
association scans were performed, for (1) a binary HG phenotype and (2) an ordinal phenotype
related to HG. Phenotype definitions are described below. Due {o the nature of the phenctype
definitions, some research participanis were included in both association scans. All research
participants included in the analysis provided informed consent and answered on-line surveys
according to a human subjects profocol approved by Ethical & Independent Review Services, a

private institutional review board.

[0021] Phenolype definilions

{0092] For the binary HG phenotype analyzed in SCAN1, we compared two ends of the clinical
spectrum of NVP: 1306 research participants who reported via an on-line survey that they
received |V therapy for NVP were classified as HG cases and 15,756 participants who reported
no NVP served as controls. The phenctype definition was ascertained using the interview
guestions listed in Supplementary Note 2. For the ordinal phenotype related to HG analyzed in

SCANZ, data were pulled from four questions also listed in Supplementary Note 2.

[0093] Genotyping and imputation and asscciation testing

[0004] A total of 17,062 females in SCAN1 and 53,731 females in SCAN2 were genotyped on
one of four custom Hiumina genotyping arrays and additional genotypes were imputed using the
September 2013 release of the 1000 Genomes Project Phase 1°° reference haplotypes as
described previously®+*. 18,185 individuals in SCAN1 were also included in SCAN2.
Breakdown of the number of participants in specific phenotype categories in SCAN1T and
SCANZ are shown in Supplementary Table 1a. Fields that contain 5 or fewer individuals have
been masked to protect the privacy of 23andMe customers. All females were fillered 1o select
for European ancestry, and close relatives were removed. We performed logistic {(SCANT) and
linear (SCANZ2) regression assuming an additive model for allelic effects on NVP, using age and
five principal componentis of genetic ancestry as covariates. Our previcusly published analysis
of categorical phenotypes using ordinal and linear regression showed high concordance

between resulting p-values™. Due o comparative ease of implementation and lower
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computational burden, we used linear regression in SCAN2. The SNP-level qualily control
information is shown in Supplementary Tables 1b and 1c. Test statistics were further adjusted
for the genomic control inflation factor of A= 1.044 for SCANT and A= 1.087 for SCANZ. The
index SNPs were identified by choosing the SNPs with the strongest association in each
associated region. Each region contained SNPs with p < 107° that were grouped into intervals
separated by a gap of a minimum of 250 kbp. The SNP with the smailest p-value within each

interval was chosen as the lead SNP.

[0095] Credible seis

100861 To account for the uncertainty in identifying the true causal variant within an association
signal, we computed 99% credible sets at each locus. Under the assumptions that there is a
single causal variant at a locus and that this variant was genotyped in the association study,
98% credible sets are defined as smallest sets of variants that are 99% likely, based on
posterior probability, to contain the causal variant’’. While these assumptions are not always
true in practice, credible sets provide a helpful summary of the available evidence that one of

the SNPs contained in them is causal, and may help in fine-mapping the association signal,

{00971 Replication cohorls

[0098] The first replication cohort (HG-1V) included 789 HG cases treated with 1Vs and 606
controis with NVP that did not require freatment. The second replication cohort (HG-TPN)
included 110 cases requiring TPN due to HG and 143 controls reporting no NVP in any of at
least two pregnancies. All participants gave informed consent. This study was approved by the
UCLA Institutional Review Board.

(00901 Phenotype definition in the replication cohort

[0100] Affected individuals were inciuded if they had an HG diagnosis and were freated with IV
fluids and/or TPN. Participants affected by HG recruited acquaintances that were non-blood
related and had at least two pregnancies lasting more than 27 weeks gestation. Controls were
eligible to participate in the study if they reported normal or no NVP, did not lose weight due io

nauseaivomiting, and did not receive medical aitention due to NVP.

[0101] Recruitment of the replication cohort

[0102] For the replication study, the source population for HG cases included patients residing
in the US. The majority of cases were recruited through a posting from 2007 to 2017 on the

Hyperemesis Education and Research Foundation website (www. HelpHer. org). Minors (under
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18 years) were excluded because the risk {0 benefil ratio to control minors would be difficult to
justify and the study requires controls to have had two pregnancies, which is uncommon in
minors. Women with pregnancies with chromoesome abnormalities and multiple gestations were
excluded due o possible distinct eticlogies for NVP in these cases. Medical records and
recruitment of an acguaintance with at least two pregnancies to serve as a conirol, were
requestad of each case. All parlicipants were required to go over an information sheet by phone

and return a signed information sheet with all elements of consent in order {0 enroll in the study.

[0103] Sample collection

{0104] Saliva samples were collected for DNA analysis from all cases and confrols. DNA
Genotek saliva kits (Oragene, Ottawa, Canada) were mailed to all cases and controls. The
saliva collection kit is self-administered and comes with directions for submiiting 2 mi of saliva
into a collection vial and returning the sample to the study site via an addressed and postage-

paid return envelope provided with the collection kit

[0105] DNA extraction

101061 DNA was extracted from the saliva samples according to manufacturer’s instructions
{Oragene, Ottawa Canada). Using the kit, we have successfully isolated, on average, 197 ug of
DNA of high quality (260/280 1.84) from 2 mi of saliva. The low end of expected DNA qguantity
reported by the manufacturer is 30 ug/mi of saliva or 60 ug/sample. After the exiraction, the
DNA was stored at -20 °C.

{01071 Quality control for replication data

101081 The TagMan genotyping platform was performed on 384-well plates with a minimum of
two blank samples per plate and a minimum of two duplicate samples per plate. Once
genolypes were determined from the first 384-well plate, a minimum of three positive conirols or
one positive control for each genoclype was added to the remaining plates. The minimum call

rate for each SNP was >85%.

[0108] Genotyping and statistical analysis in the replication study

{0110] rs18982345, the SNP with the strongest association to NVF in the chri19p13.11 locus
was selected for genotyping in the replication sample HG-IV consisting of 789 cases and 606
controls. For the non-coding marker rs18982345 in chri19p13.11, genotyping a minimum of 780
cases and 580 controis, and assuming a proportion of the GG genotype similar to SCAN1T (0.53

for controls and .64 for cases), we estimaled a power greater than 97% to detect between-
24



10

15

20

25

30

WO 2018/187767 PCT/US2018/026588
group genotype differences using a two-sample, two-sided test of proporiions al significance

level alpha = 0.05.

{0111] In addition, we genotyped an extreme cohort (HG-TPN) consisting of 110 women who
reporied TPN for HG and 142 controls with no NVP in two or more pregnancies. TagMan

genotyping primers for rs 16982345 were available from Thermo Fisher Scientific and Applied
Biosystems PRISM 7900HT Sequence Detection System (TagMan) was used for large-scale

screening. The call rate was »85%.

[0112] Genotypes were tested for significant association with HG using Fisher's exact test using
2= 2 contingency tables counting the number effect vs non-effect alieles for cases and controls

using R.

[0113] The SNP rs4865234 was genotyped as a proxy for the most significant association
signal at chr4g12 because the most significant asscciation signal, rs143408503, is an indel,
which cannot be assayed using the TagMan genotyping system. The SNP rs4865234 is in tight
LD with rs143409502 (r*=0.95, D' =1.0) and genotyped on DNA isolated from HG-1V and HG-

TN cohorts as staled previously for rs16882345.

[0114] The 3 additional loci that reached significance p < 107° in the binary trait scan (SCAN1)
were also genctyped in the two replication cohorts (HG-1YV and HG-TFN) using the TagMan
genotyping platform. The SNP rs5754397 was used as a proxy for the lead SNP rs5098706
(=055 0 =0.83), and the SNP rs78353059 was used as a proxy for the lead SNP
rs114571285 (= 0.87, IV = 1.0) because they were the closest SNPs listed in HaploReg' to
the lead SNP with an available commercially validated assay from Thermo Fisher Scientific and
they also reached significance p < 1078 in SCAN1. The lead SNP rs56108151 was commercially

available and used for genotyping the two replication cohorts.

[0115] Meta-analysis of SCAN1 and replication

[0118] We performed a fixed-effect meta-analysis using the R language and sofiware meta io
compuie the weighted average odds-ratio across the replication group and SCANT for sites

rs 16982345 and rs4865234. The fixed-effect meta-analysis assumes that there exists a frue
underlying effect in the population and combines individua! study estimates {e.g., replication and
SCANT) to obtain a meta estimate. This assumption may be invalid in practice due to
differences in linkage disequilibrium patterns across studies, or differences in covariaies
inciuded. To test for hetereogeneity in effects across studies, or significant study-wide variance,

we estimated Cochran's 038 for each SNP. This measures the variance across studies using the
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meta estimaie as the true mean, which can be tesied in a null-hypothesis framework under a
¥2a-1 distribution. Here, the number of studies is n=2, 50 our heterogeneity p-vaiues reflect a

one-tailed test under a ¥% distribution.

{0117} Conditional analysis

{0118] The stepwise conditional analysis detects statistically independent signals in a GWAS
locus. At each step, we assessed association between variants within 20 kbp around a GWAS
iocus and the HG or related ordinal phenotype, using top SNPs from preceding steps as
additional covariates. This was repeated until no significant association was detected at

p < 107%. Finally, we fit a joint model with all of the primary and secondary signals and evaluated
its goodness of fit through the likelihood ratio test (LRT) against the model with just the primary
signal. The reporied effect sizes of the secondary signals are from the joint modei, and the p-

values are from the likelihood ratio test comparing the full model with the leave-one-out models.

[0118] In silico functional follow-up

[0120] We used the HaploReg' v4.1 tool to identify SNPs in the haplotype blocks containing
the two significant GWAS association signals, their LD r?and ¥ scores, associated alleles,
aliele frequencies, genes, functional annotation, conservation, regulatory elements, protein-
binding sites, motif changes, and eQTLs. We queried the fwo most significant loci identified,
chri9p13.11 and chrdqi2. Within those fwo regions, we analyzed SNPs with HaploReg, which
uses LD information from the 1000 Genomes Project®. The LD threshold in HaploReg v4.1 was
setf at r* = (0.2 the population used for LD calculations was the 1000 Genomes Project Phase 1
European descent: the source for epigenomes was the ChromHMM (Core 15-state model); the
mammalian conservation algorithms GERP and SiPhy-omega, and positions are shown relative
to GENCODE genes (Supplementary Data 1). HaploReg v4.1 includes GWAS and eQTL
{including GTEX) and GRASP eQTL updates which were queried for the SNPs and included in
Supplementary Data 1.

[0121] We also queried the GTExX portal and ExSNP integrated eQTL databases21 for the top
candidate genes (based on lodi identified in this study and similar function in early pregnancy
reported previously30,32, GDF15 and IGFBPY) to identify eQTLs (17 and 28 studies,
respectively) included in the databases. The Genotype-Tissue Expression (GTEX) Project was
supported by the Common Fund of the Office of the Director of the National Institutes of Health,
and by NCI, NHGRI, NHLEBL, NIDA, NIMH, and NINDS. The data used for the analyses

described in this manuscript were obtained from (gtexportal.org/home/bubbleHeatmapPage/)
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the GTExX Portal on 05 May 2017. The SNPs identified were cross checked with the SNPs

identified in haplogroups by HaploReq.

[0122] Functional annotation of all SNPs (SNPs r2 > 0.2 with SNPs in the two loci that were
found to be in coding regions by HaploReg were gueried for all predicted conseguences using
the 1000 Genomes Project33.

[0123] Finally, published studies reporting SNPs linked o altered expression of the top
candidate genes (GDF15 and IGFBP7) and 3NPs in the top candidate genes reported in
association studies in the GWAS catalog (htip:/Awww. ebi ac.uk/gwas/ accessed on May 2017)
and/or in published studies were cross checked with the SNPs identified in HaploReg to
determine whether they are in LD with the SNPs linked to HG in this study.

[0124] Code availability

[0125] All relevant software, including version details, used for the primary GWAS and

conditional analyses are described in the references included in the Methods section.
{0128] Data availability

{01271 Qualified researchers can contact apply. research@23andMe.com o gain access to full
GCWAS summary statistics following an agresment with 23andMe that protects 23andMe

participant privacy.
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Example 2. IGFBPY and PGR. in addition to GDF15, associated with nausea and vomiting of

pregnancy and hyperemesis gravidarum

(01281 This Example provides a replication study confirming the resulis described in Example 1,
particularly with respect 10 IGFBP7 and PGR.

[0130] Table 2. Loci Replication Resulis

Replicated Loci GWAS 1 P- GWAS 2 P- Replication P-Value,
Value Value OR [95% Ci]
GDF18-LRRC2S 1.8X10-14 2.4X10-41 0.0001, 2.8 [1.7-5.0]
incRNA LOC101928851-IGFBPY 4.8X10-10 9.2X10-24 0.0009, 1.4[1.2-1.8]
TRPC6-PGR 9.5X10-5 7.3X10-12 0.0001, 1.9 [1.5-2.3]

{0131] One SNP/Locus was tested in a replication sample of over 1300 individuals.

Example 3: Combinations of markers increase risk detection of hyperemesis agravidarum

[0132] This Example demonsirates the increased risk delection achieved when different

combinations of 3 or 4 genes are measured.

{0133] Table 3. Combinations of genotypes in genes increase risk for HG.

GDF15, IGFBPT, PGR
Control (n=134) | TPN (n=106) QOdds ratio 895 % Ch Significance:
7 (5.2%) 22 (20.8%) 4.8 19101186 P = 0.0006

GDF18, PGR, RYR2
Conirol (n=133) | TPN (n=106) Qdds ratio 95 % Ch: Significance:
18 (13.5%) 35 (33.0%) 3.1 1710860 P = 0.0005
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GDF15, IGFBP7, RYR2

Control (n=1358) | TPN (n=106) QOdds ratic 95 % Cl: Significance:

28 (20.7%) 35 (23.0%) 1.9 111034 P =0.0325

iIGFBPT7, PGR, RYR2

Conirol (n=138) | TPN (n=109) Qdds ratio 95 % Ch: Significance:

13 (9.4%) 30 (27.5%) 37 181074 P =0.0003

GDF15, IGFBP7, PGR, RYR2

Control (n=133) | TPN (n=106) QOdds ratio 895 % Ch Significance:

7(5.3%) 22 {20.8%}) 4.7 191t0 115 P = 0.0007

{0134] Combinations of genoctypes of selected risk genes are compared for HG cases requiring

feeding tube (TPN) vs Controls with no nausea/vomiting in at least 2 pregnancies.

Example 4 Analysis of GDF15 and IGFBEFPY in Hyperemesis Gravidarum lends further support

for a role in the eticlogy of severe nausea and vomiting of pregnancy

{0135] This Example shows that GDF 15 and IGFBP7 can be used to identify patients af risk for
HG. A test for HG can now be provided, as the data described herein shows that a blood test
may be done that predicts over a 38-fold increased risk for hospitalization for HG (p=0.0014)
based on the protein levels of GDF15 and IGFBPY7 combined.

{0136] The GWAS shows placentation, appetite, and cachexia genes GDF15 and IGFBF7 are
iinked to Hyperemesis Gravidarum (HG). This Example shows that GDF15 and IGFBP7 are
upregulated in HG patients. The Example also shows that alleles are associated with
symptoms, medication effectiveness, and segregation with disease in families. GDF15 serum
levels are significantly increased in women with HG compared {o controls. GDF 15 alleles may
be linked to metoclopramide response and segregate with HG in 3 of 5 families. The IGFBP7
risk aliele may be associated with ondansetron and promethazine response, and prolonged
symptoms. This study supports GDF15 and possibly IGFBP7 in the pathobiology of HG and
provides a tool for prediction and diagnosis. In addition, the GDF15-GFRAL brainstem-activaied
pathway was recently identified, and therapies 1o treat conditions of abnormal appelite are

under intense investigation. HG should be added {o the list.

[0137] Mounting evidence for a genetic predisposition to HG suggests understanding the

genetic component is essential in discovering an stiology. Using an existing cohort with well-
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defined clinical criteria of intravenous fluid treatment for HG, the resulis presented herein
successfully validated two candidate genes from the genome-wide association study (GWAS)
that are highly likely to play a role in HG. The {op two genes, GDF15 and IGFBF7, are both
involved in placentation and feeding behavior, which leads to a fascinaling paradigm shift away
from HCG. These resulis support the use of GDF15 and IGFBP7 as biomarkers for prediction,

diagnosis, and identification of novel treatments.

{0138] The proteins encoded by the genes identified in the GWAS (GDF 115, IGFBF7) are
invoived in placentation, are upreguiated in early pregnancy, and cause ioss of appetite in
animal models. To determine whether serum levels are dysregulated in HG patients, the levels
of these biocmarkers were compared in pregnant women with HG. Serum concentrations of
GDF15, IGFBP7, and HCG were analyzed at 12 weeks gestation in 11 women hospitalized for

HG, compared to 8 women with normal NVP, and 20 women with no NVP,

1013981 Demographic characteristics are shown in Table 4.1 below. The serum concentrations of
GDF15 and IGFBPT were significantly increased (p<0.001, p=0.002, respectively) in women
hospitalized for HG compared to women with NVP. The serum concenirations of GDF15 were
significantly higher in patients with HG compared o women with no NVP {(p<0.001), but this
level of significance was not observed for serum levels of IGFBPY (p=0.123}. There was no
difference in serum GDF15 or IGFBP7 levels in patients with NVPP compared to NO NVP
(p=0.845, p=0.274, respectively). Using the same samples, the serum concenirations of beta
HCG at 12 weeks gestation were not significantly different between women with and without HG
{p=0.142). in summary, GDF15 is upregulated in pregnancies affected by HG compared o both
control groups, but the results for IGFBF7 showed more variability, and beta HCG is not

upregulated in HG pregnancies compared to either control group.

{0140] The scatterplot shown in Figure 2 displays the leveis (ng/mi) of GDF15 (protein 1) and
{GFBPY (protein 2) from women with HG, NVP, or no NVP. Serum levels at 12 weeks gestation
were compared for 11 women hospitalized for HG compared to 29 women who did not have HG
(see Figures 3-5). Evaluation of odds ratios shows that palients are 36-fold more likely to be
hospitalized for HG with values of GDF15 above 10 ng/mi and IGFBP7 above 80 ng/mi.

. Odds ratio 36.2500
05 % CI: 4.0180 to 327.0399 |
. z statistic 3.199
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.......................................................................................................

Significance level P=0.0014

[0141] 10/11 HG greater than 10 ng/mi gdf15, greater than 80 ng/mi igfbp7 blood levels. (1
less); 8/29 NO HG (NVP+NO NVP) greater than 10 ng/mi gdf15, greater than 80 ng/mi igfbp7?
blood levels. (21 less). These data show that a blood test may be done that predicts over a 36-

fold increased risk for hospitalization for HG (p=0.0014).
{0142] Statistical analysis

{0143] GDF15 > 14 and IGFBPY > 80

HG no HG
serum high 8 4
serum low 3 25

{0144] Classification of serum vaiues:

« serum high: GDF15 > 14 and IGFBPY > 60
s sarum low GDF15 < 14 and/or IGFBP7 =80

101451 The fisher test tests the table for significance. The p-value is 0.00074, thus thereis a

significant difference for HG vs. no HG in the categories high and low serum values.

{0148] GDF15 > 10 and IGFBPY > 80

HG no HG
serum high 10 7
serum low 1 22

{01477 Classification of serum values:

+ serum high: GDF15 > 10 and IGFBP7 > 80
s sarum low GDF15 <10 and/or IGFBP7 =80

[0148] The fisher test tests the table for significance. The p-value is (.000198, thus there is a
significant difference for HG vs. no HG in the categories high and low serum values. The
significance for GDF15>10ng/mi as a test alone, for IGFBPY >60ng/mi as a test alone, was
compared to using both combined, and the results show that it is better io do both combined

{more significant result and greater odds of detecting HG).
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{0149] Table 4.1. Demographic characteristics of cohort with serum (HG=pregnant women

hospitalized for HG < 20 weeks gestation, NV=pregnant women with normal NVP, NO=pregnant

women with no NVEP < 24 weeks gestation)

[0150] A. Continuous variables

Variable Group N Min Q1 Median Mesan Q3 Max  8d Missing
Maternalage HG 11 200 255 200 288 315 380 458 )
NV 8 2680 290 310 302 320 330 22 0
NO 20 220 298 340 334 372 420 52 0
all 40 200 280 310 314 342 420 48 g
BMipre-pregnancy  HG 11 150 210 224 236 Y64 329 52 0
NVP g8 222 243 255 260 266 340 36
NO 18 187 2186 230 233 247 278 24 2
all 37 150 217 237 240 2586 340 38 3
[0151] B. Categorical variables
Variable Levels HG %1 NY %2 NO %3 fiall Y%al
Para 0 g8 727 |8 667 | 8 458 |23 5738
1 3 2713 12 22 1|8 450 14 350
2 g 0.0 1 1.1 2 100 |3 7.5
all i1 1000 i 8 100.6 { 20 1000 | 40 100.0
Fetal sex male 0 0.0 3 333 13 684 16 410
fermale 11 1000 {86 667 | 6 36 |23 859D
all 11 1000 {9 1000 { 19 1000 | 39 100.0
Education junior high scheol 5 455 6 75.0 10 0.0 21 53.9
High school 2 8.2 1 125 |2 100 | 5 12.8
College 4 364 1 125 |8 40.8 13 333
all 11 1000 i 8 100.6 { 20 1000 | 38 100.0
Maritalstatus  not married/ no relationship 0 0.0 1 11.1 1 50 2 5.1
married/relationship 10 1000 | 8 88.9 19 850 37 94.9
all 10 1000 {9 1000 { 20 1000 | 39 100.0
Smoking Never ] 900 |4 444 |8 4585 |22 564
before 1 0o i 4 44 4 1t 558 8 4108
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atpresent ¢ 0.0 1 1.1 & 0.0 26

all 0 1000 {9 1000 | 20 1000 | 39 100.0

[0152] The SNPs linked to HG in the GWAS replication study were rs16982345 (closest gene
GDF15) and re4865234 (closest gene IGFBP7). The study also explored whether the SNPs
were associated with medication effectiveness, HG symptoms, and whether they segregated

with disease in HG families.

[0153] Table 4.2. Demographic characteristics of genotyped cohort.

Demographic Characteristics

Ethnicity (% white) 87%
Average matemnal birth year 1976
Average number of HG pregnancies 2
Percent of women who voluntarily terminated 15.6%
Average number of living children 2
First child (average vear bormn) 2003
Women who had vaginal deliveries (%) 83.3%
Women who lost one or more pregnancies (%) 34.7%
Women who received partial or complete higher education (%) 83.6%

[0154] In the previous study of 254 women treated with infravenous fluids for HG, the most
common antiemetic ireatments were ondansetron (79%), promethazine (73%), and
metoclopramide (55%). The self-reporied effectivensss in relieving symplioms was
approximately 50% for ondansetron, with less than 20% reporting promethazine was effective,
and less than 10% reporting metoclopramide was effective. According to a recent Cochrane
review, there is insufficient data on the efficacy of any of these treaimenis used to treat HG. Htis
also unknown whether genstic mechanisms may influence the effectiveness of one medication
over another. By genotyping over 780 women with HG for the risk alleles in GDF15 and IGFBPY
and collecting data on self-reported medication effectiveness, it is possible to explore whether
HG risk alleles in the genes might be used to predict effectiveness of medications used {o treat
HG. This allows more rapid and effective freatment, and reduces dehydration and mainutrition
of pregnancy associated with refractory HG. To that end, risk alleles in HG patients were

compared to medication effectivenass for ondansetron, promethazine, and metoclopramide.

[0155] Self-reported failure to respond to ondanseiron was significantly linked to the IGFBFY
HG-risk aliele (p=0.03, OR=4.88, 1.14-20.92); self-reporied ineffectiveness of promethazine was
also significantly linked to the /GFBFR7 HG-risk allele (p=0.04, OR=2.47, 1.04-5.89); and self-

reported response to metoclopramide was significantly linked to the GDF15 HG-risk allele
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{p=0.02, CR=0.37 0.165-0.833). The results were not corrected for multiple testing and

therefore shouid be viewed as exploratory.

[0158] Among 277 women with HG that were genotyped and provided information on duration
of symptoms, women with an AA genolype in rs4865234 were significantly more likely to have
5  prolonged symptoms compared to the women carrying the G allele (AG+GG) (p=0.0108) (Table

3). There was no between-group difference for rs16982345.

[0157] Among 547 women with HG genociyped, 41% (223 HG women) reported that they

experienced hypersalivation while 59% (324 HG women) reported that they did not experience

ptyalism. Genotypes for rs18982345 and rs4865234 were not significantly different between the
10 groups.

[0158] Weight loss due to HG was seif-reported by survey in 259 women that were genotyped
ranging from 5% {o 36% of their pre-pregnancy weight. We divided the groups depending on
whether a woman lost 5-10% of her bodyweight versus 11%-36% of her bodyweight during an
HG pregnancy. Forty-six percent (118 HG women) lost 5-10% and 54% (140 HG women) lost

15 11%-36% of their bodyweight. Genotypes for rs18982345 and rsdB65234 were not significantly
different between the groups. (Table 4.3)

[0158] Table 4.2, rs4865234 and rs16982345 genotypes associated (unadjusted p-value<0.05)

with medications and symptoms

rs4865234
Total N reporting
duration Long AA (%) Long GG+AG {%) p-vatue OR 95% Cl
277 1277138 {92%) 1137139 {81%) 3.0100 2.66 11.26, 5.62]

Total N reporting
Zofran Effective GG (%) | Effective AA+AG (%) | p-value OR 95% (I

333 29/31 {94%)} 226/302 {75%) 0.0330 | 4.88 | {1.14, 20.92}

Total N reporting

Phenergan Effective GG (36) | Effective AA+AG (%) | p-value OR 95% Cl
314 10/23 {43%) 69/291 (24%) 0.0406 2.47 11.04, 5.89]
rs16982345
Total N reporting
Reglan Effective GG (%) | Effective AA+AG (%) | p-value OR 895% Cl
266 39/180 (22%}) 8/86 (9%} 0.0163 2.7 [1.20, 6.06]

[0180] HG patients were divided into two groups depending on whether they had a recurrence

20  ornot A recurrence was defined as having HG treated with IV fluids in two pregnancies
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(N=331). A nonrecurring pregnancy was defined as no IV fluids required in the second
pregnancy even if NVP symptoms were present, where HG was treated with 1V fluids in the first
pregnancy (N=225). The SNPs tested (rs 16982345 and rs4865234) were not predictive of

recurrence.

[0161] Finally, the study explored whether risk alleles segregated with disease in families. Five
families with 3 family members whose pregnancies were affected by HG and one family
member with normal NVP were genotyped to determine whether the risk alieles segregate with
disease. Ali three affecied individuals in Family 1 carried at least one risk allele (G) for

rs 16982345, while the unaffected family member had the AA genotype (Figure 6A). Risk alleles
in rs16882345 and rs4865234 did not segregale with disease in the remaining 4 families {the
unaffected family member did not have a different genotype that was shared by all 3 affected
individuals). However, two SNPs associated with increased expression of GDF15 in previous
studies, segregated with disease in family 2 (rs1054564), and family 3 (rs1055150) (Figure 6B
and 6C). In summary, in three of five families, the affected family members carry genotypes that

are linked to altered GDF 15 levels, while the unaffected family members do not.

[0162] The first GWAS of HG identified two candidate genes, GDF 18 and IGFBPY, but causality
may only be hypothesized as functional studies are prohibitory in pregnant women. This
Example provides further evidence of a role for these loci by showing that GDF 15, and also
IGFBP7Y, are dysregulated in HG pregnancies, while beta HCG, which was the leading
hypothesis for the cause of HG, is not. Additional supportive evidence comes from previous
studies showing both GDF15 and IGFBPY are upregulated in early pregnancy when HG occurs,
play crifical roles in placentation, decrease prior to miscarriage, and are drivers of stress-
induced feeding behavior and cachexia, a disease characterized by symptoms similar to HG:
nausea, weight loss, and muscle wasting. While a 2.7 ng/yl increase in mean serum GDF15
levels (5.4 ng/u cachexia vs 2.7 ng/ul controls) is suspected 1o initiate cancer, herein an
increase in mean serum levels of 5.4 ng/ul (15.8 ng/ul HG vs 10.4 ng/ul NVP) was detected in
patients hospitalized for HG compared to normal NVP. interestingly, serum concentrations of
GDF15 in cancer patients with cachexia are significantly increased, even in the pre-cachetic
state, and remain relatively steady thereafter. Therefore, it is now imperative to determins
whether the same holds true for HG. Levels of GDF15 (and IGFBP7) must be studied in early
pregnancy, to determine whether they can be used to predict an HG pregnancy. In addition, the
present findings linking SNPs to medication effectiveness, prolonged symptoms, and familial

HG can provide a basis for individualized therapy. Furthermore, the brainstem-restricted
receptor for GDF15, GFRAL, was recently identified and the pathway is currently under intense
investigation to identify novel therapeutic strategies for weight gain (and weight loss), which may

be applicable to HG. Of particular clinical interest, inhibition of GDF15 restored appetite and
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weight gain in a mouse model of cancer cachexia. Finally, the findings herein suggest an
answer to an age-old paradox. HG can lead to proionged dehydration and undernutrition, which

can be detrimental o maternal and fetal heslth and can decrease reproductive fitness. The dual

roles of GDF15 (and possibly IGFBP7) in maintaining pregnancy, and in increasing the risk of

HG, may provide a molecular explanation for why NVP siill exists in nature.

Example §: Combinagtions of Genotypes and Their Freguencies

[0163] This Example analyzes the frequencies of various genotype combinations. The genes
analyzed were (1) GDF15, corresponding to SNP 15168982345, (2) IGFBP7, corresponding to
SNP r54885234; (3) PGR, corresponding to SNP rs7948518; (4) RYR2; and (5) GFRAL,
corresponding to SNP rs7761177. The daia in the {able below shows the significantly increased
risk of HG for certain allele combinations. Inhibitors of GDF 15, GRAL, PGR can be selected as

medications o block the corresponding gene product if a patient is positive for those variants.

Frequencies of Genotype Combinations between genes 1 and 2

Control {No HG} n=560 HG/TPN n=737 Odds ratic 85% (i Significance
AA-AA 18 {3.2%) 11{1.5%] 0.4977 0.2377t01.0420 P =0.0642
AA-AG 19 (3.4%) 7 {0.9%) 0.2727 0.1138 1006532 P =0.0036
AA-GG 2 (0.4%) 1{0.1%]) .3736 00342 t04.1856 P =0.4282
AG-AA 89 (15.9%) 126{17.1%) 1.08%6 0.8088 to 1.4660 P =0.5711
AG-AG 87 {15.5%) 84 {11.4%) 0.6983 0.5059 10 0.963% P =0.0290
AG-GG 28 (5.0%) 11{1.5%}) 0.2836 0.1399 10 0.5747 P = (0.0005
GG-AA 132 {23.6%) 249 (33.8%) 1.6511 1.2888t02.1152 P =0.0001
GG-AG 147 {26.3%) 202 {27.4%) 1.0588 082611013571 P=0.6518
GG-GG 38 {6.8%) 46 {6.2%) 0.9131 0.5855t01.4241 P =0.6886
Frequencies of Genotype Combinations between genes 1 and 3

Control {Mo HG} n=5686 HG/TPN n=734 Odds ratio 85 % Ci Significance
AACT 11 {1.9%) 8{1.1%) 0.556 022211013815 P =0.20088
AATT 26 {4.6%) G {1.2%) 0.2578 0.1198 to 0.5547 P = 0.0005%
AACC 1(0.2%) 1{0.1%) 0.7708 0.0481 10 12.3507 P =0.8541
AG-CY 63 {31.1%} 95 {12.9%} 1.187 0.8455t0 1.6664 P=0.3218
AG-TT 129{22.8%) 110 {15.0%]) .5972 0450310 0.791% P =0.0003
AG-CC 13 {2.3%) 16(2.2%) 3.9479 0.4522 t0 19872 P=0.8874
GG-CT 90 {15.9%) 216 {29.4%) 2.2054 1674210 2.9052 P <4.0001
GG-TT 222 {39.2) 254 (34.6%) 3.8200 0.6533 t0 1.0291 P =0.0868
GG-CC 11 {1.9%) 25 {3.4%]) 1.7781 0.8679t03.647¢0 P=0.1157
Freguencies of Genotype Combinations between genes 1 and 4

Control {No HG} n=405 HG/TPN n=559 QOdds ratioc 95 % Ci Significance
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AA-AA O (0.0%)
AA-AG O (0.0%)
AA-GG 29 (7.2%)
AG-AA 0 (0.0%)
AG-AG 5 (1.29%)
AG-GG 145 (35.8%)
GG-AA 0 (0.0%)
GG-AG 11 {2.7%)
GG-GG 215 (53.1%)

0 {0.0%)

0 {0.0%)

15 {2.7%)

0 {0.0%)

15 {2.7%)
144 (25.8%)
0 {0.0%)

22 {3.9%)
363 (64.9%)

(.7248
1.7248
(.3575
0.7248
2.2059
0.6222
0.7248
1.4674
1.6367

PCT/US2018/026588

(.0143 1o 36.6041
1.0143 t0 36.6041
(3.1891 1o 0.6760
(0.03143 t0 36.6041
0.7952 10 6.1184
0.4712 t0o 0.8215
0.0143 1o 36.6041
0.7034 t0 3.0614
1.2603 10 2.1254

Frequencies of Genotype Combinations between genes 1 and §

Control {No HG) n=551

AA-CT 17 (3.1%)
AATT 13 {2.4%)
AA-CC 6 (1.1%)
AG-CT 103 {18.7%)
AG-TT 48 (8.7%)
AG-CC 51{9.3%)
GG-CT 167 (30.3%)
GG-TT 74 (13.4%)
GG-CC 72 (13.1%)

HG/TPN n=715
7 {1.0%)

7 {1.0%)

5 {0.7%)

117 (16.4%)

63 {8.8%)

31 {4.3%}

228 (31.9%)
163 (22.8%)

94 {13.1%)

Odds ratio 85% i

0.3106
0.4092
0.6387
1.8510
1.0126
1.4443
1.0765
1.7589
1.0070

0.1279 t0 0.7543
0.1621 10 1.0326
0.1942 to 2.1070
(1.6356 10 1.1383
0.6834 to 1.5002
1.2802 10 0.7046
(.8466 1o 1.3689
1.30391t0 2.3756
(.7245 to 1.3997

Frequencies of Genotype Combinations between genes 2and 3

Control {No HG)} n=585

AA-CT 76 {13.0%)
AA-TT 165 (28.2%)
AA-CC 12 (2.1%)
AG-CT 73 (12.5%)
AG-TT 182 (31.1%)
AG-CC 7 (1.29%)
GG-CT 22 (3.8%)
GG-TT 44 {7.5%)
GG-CC 4 (0.7%)

HG/TPN n=760
174 {22.9%)
202 {26.6%)
22(2.9%)

130 (17.1%)
157 (20.7%)

15 {2.0%)

24 {3.2%)

32 (4.2%)

4 {0.5%)

Odds ratio 85% i

1.9388
0.9215
1.4234
1.4473
(.5722
1.6625
0.8345
0.5405
0.7685

14813 10 2.6696
0.7238t0 1.1732
1.6986 to 2.9005
1.0621101.9722
3.4465 10 0.7334
0.6734 10 4.1044
0.4631 to 1.5037
0.3332 to 0.8637
(0.1914 to 3.0855

Frequencies of Genotype Combinations between genes 2and 4

Control {No HG} n=423

AA-AA © (0.0%)
AA-AG 9 (2.1%)
AA-GG 181 (42.8%)
AG-AA O (0.0%)
AG-AG 7 (1.7%)
AG-GG 173 (40.9%)
GG-AA 0 {0.0%}

HG/TPN n=579
0 {0.0%)
22 {3.8%)
291 (50.3%)
0 {0.0%)
16 {2.8%)
207 {35.8%)
0 {0.0%)
38

Odds ratic 85 % i

0.7308
1.81869
1.3508
0.7308
1.7285
0.8041
1.7308

(0.0145 10 36.8066
(0.8280 to 3.9865
1.0497 t0 1.7386
0.0145 to 36.9066
0.7052 to 4.2415
0.6214 to 1.0406
{1.0145 10 36.8066

P=0.8722
P=0.8722
P=0.0018
P=0.8722
P=0.1286
P =0.0008
P=0.8722
P =0.3067
P =0.0002

Significance
P = 0.0098
P =0.0585
P=0.4626
P=0.2784
P =0.9504
P =0.6006
P=0.5476
P =0.0002
P =0.9668

Significance
P <8.6001
P =0.5069
P =0.3309
P=0.0182
P <0.0001
P=0.2703
P =0.5470
P =0.0101
P=0.7105

Significance
P=0.8755
P=0.1384
P =0.0134
P =0.8755
P=0.2313
P =0.0974
P =0.8755
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GG-AG 1 (0.2%)
GG-GG 52 (12.3%)

(0.7301
{(3.5580

PCT/US2018/026588

(3.0455 10 11.7063
1.3639 to 0.8558

Frequencies of Genotype Combinations between genes 2and §

AA-CT
AA-TT
AA-CC
AG-CT
AG-TT
AG-CC
GG-CT
GG-TT
GG-CC

Control {No HG} n=569

130 (22.8%)
54 {11.2%)
52 (9.1%)
132 (23.2%)
64 (11.2%)
56 {9.8%)
39 (6.9%)

9 (1.6%)

23 {4.0%)

HG/TPN n=738
195 {26.4%)
132 (17.9%)
61 {8.3%)

134 (18.2%)

94 {12.7%)

65 (8.8%)
32 {4.3%}
15 {2.0%)
10 {1.4%)

Odds ratio 85 % i

1.2127
1.7188
(.8958
1.7345
1.1517
(0.8848
0.6160
1.2509
0.3261

(.9387 to 1.5651
1.2468t02.36%4
(3.6082 1o 1.3195
1.5607 10 0.9622
G.8211 10 1.6154
0.6079 to 1.2878
(0.3808 to 0.9965
0.5608 to 2.9716
0.1539 to 0.6508

Frequencies of Genotype Combinations between genes 3 and 4

CT-AA
CT-AG
CT-GG
TT-AA
TV-AG
TT-GG
CC-AA
CC-AG
CC-GG

Control {No HG) n=428

0 (0.0%)

6 (1.4%)
122 (28.5%)
0 (0.0%)

11 (2.6%)
273 (63.8%)
0 (0.0%)

0 (0.0%)

16 (3.7%)

HG/TPN n=580
0 {0.0%)

19 {3.3%)

237 (40.9%)

0 {0.0%)

19 {3.3%)

280 (48.3%)

0 {0.0%)
1{0.2%)

24 {4.1%)

Odds ratio 85% i

0.7382
2.3821%
1.7331
0.7382
1.2839
{1.5299
0.7382
2.2183
1.1115

(0.0146 t0 37.2774
(0.9431 t0 6.01653
1.3266 to 2.2641
0.0146 10 37.2774
0.6045 t0 2.7271
1.4104 10 0.6843
0.0146 10 37.2774
1.0901 to 54.5894
0.5830 t0 2.1191

Frequencies of Genotype Combinations between genes 3and 5

CT-Cr
CT-17
CT-CC
HE%
717
T7-CC
CC-CT
CCaT
CC-CC

Control {No HG)} n=576

83 {14.4%)
45 (7.8%)
39 {6.8%)
207 (35.9%)
87 (15.1%)
(15.8%)
12 (2.1%)
8 (1.4%)
4(0.7%)

HG/TPN n=734
164 (22.3%)
111 {15.1%)

50 (6.8%)

175 {23.8%)
114 (15.5%)

80 {10.9%)

19 {2.6%)

15 {2.0%)

6 {0.8%)

Odds ratio 85 % Cl

1.708

2.1024
1.0065
0.5581
1.0335
(0.6519
1.2480
1.4812
1.1786

1278510 2.2845
1.4592 t0 3.0292
(1.6523 to 1.5530
(.4388 to 0.7097
(1.7632 t0 1.3995
(0.4722 to 3.9001
0.6012 to 2.5545
0.6236 t0 3.5185
0.3310 t0 4.1563

Frequencies of Genotype Combinations between genes 4 and 8

AA-CT

Control {No HG)} n=422

0 (0.0%)

HG/TPN n=567
0 {0.0%)

39

Odds ratio 85% i

(.7445

(0.0147 10 37.5988

P=0.8242
P=0.007%

Significance
P=0.1384
P = 0.0009
P=0.5777
P =0.0251
P=0.4131
P=0.5226
P =0.0483
P=0.5483
P =0.0034

Significance
P=0.8794
P =0.0663
P = 0.0001
P=0.8794
P=0.5156
P <8.6001
P=0.8794
P =0.6259
P=0.7481

Significance
P =0.6003
P = (.0003
P=0.9766
P < (.0003
P=0.8314
P = (.0053
P=0.5512
P=0.3734
P=0.7998

Significance
P=0.8828
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AATT 0 (0.0%) 0 {0.0%)
AA-CC 0 (0.0%) 0 {0.0%)
AG-CT 4 (0.9%) 20 (3.5%)
AG-TT 5 (1. 2%) 11 {1.9%)
AG-CC 8 (1.9%) 7 {1.2%)

GG-CT 217 (51.4%)
GG-TT 102 (24.2%)
GG-CC 86 (20.4%)

268 (47.3%)
163 {28.7%)
98 {17.3%])

G/G {gene 1}, A/A {gene 2}, C/T {gene 5}

Control {No MG} {n=541)
68 (12.6%)

HG/TPN {n=711)
124 (17.4%)

G/G {(gene 1), C/T (gene 3}, C/T (gene 5)

Control {No HG) {(n=547}
43 {7.9%)

HG/TPN (n=708)
106 (15.0%)

AJA {gene 2), CIT {gene 3}, C/T {gene 5}

Control {No HG} {n=565)
37 (6.5%)

HG/TPN {n=732)
91 {12.4%)

(.7445
1.7445
3.8208
1.6500
0.6469
0.8468
1.2658
0.8164

Odds ratio
1.46%94

Qdds ratio
2.0638

Odds ratio
2.0259

GIG {gene 1}, A/A {gene 2}, C/T {gene 3}, C/T {gene &}

Control {No HG} {n=538}
18 {3.3%)

HG/TPN {n=705)
59 (8.4%)

GIG {gene 1), A/A (gene 2}, T/T {gene §)

Control {No HG) {(n=541}
33 (6.1%)

HG/TPN (n=711)
80 {11.3%)

GIG {gene 1}, C/T (gene 3}, T/T {gens 5}

Control {No HG) {n=547)
21 (3.8%)

HG/TPN {n=708)
72 {10.2%)

AA {gene 2), CIT {gene 3}, T/T {gene 5}

Control {No HG) {n=565}
21 (3.7%)

HG/TPN (n=732)
61 (8.3%}

Odds ratio
2.6385

Odds ratio
1.9517

Odds ratio
2.8358

Qdds ratio
2.355

G/G {gene 1}, A/A (gene 2}, C/T {gene 3}, T/IT {gene 5)

Control {No HG} {n=538)
8 (1.5%)

HG/TPN {n=705)
40 {5.7%)
40

Odds ratio
3.985

PCT/US2018/026588

(0.0147 10 37.5988 P =0.8828
1.0147 10 37.5988 P =0.8828

1.2962 10 11.2631

(0.5689 to 4.7852
(0.2327 t0 1.7881
0.6580 to 1.0897
0.9494 to 1.6877
0.5918 to 1.1262

5% Cl
1.0674 10 2.0227

85% i
1.4204 to 2.9987

85% i
1.3592 t0 3.0197

95% Ci
1537210 4.5287

95% Cl
1.2798 10 2.9763

85% Ci
1720510 4.6734

85% i
1.4161t0 3.9163

85% i
1.8495 to 8.5863

P=0.0151
P =0.3566
P =0.4036
P =0.1862
P=0.1083
P=0.2165

Significance
P =0.0183

Significance
P =0.0001

Significance
P = 0.0005

Significance
P =0.6004

Significance
P =0.0019

Significance
P < 0.0001

Significance
P =0.0010

Significance
P = (.0004
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Gene gene SNP

1 GDF15 re 16982345

2 IGFBPY rs4865234

3 PGR re7948518

4 RYR2 See Example 6
5 GFRAL re7761177

Example 8§ Genstic analysis of hyperemesis gravidarum reveals association with intraceliuviar

calcium release channel (RYRZ)

This Example identifies a link between HG and RYR2. Whole-exome sequencing of 5 families
was performed and followed by analysis of varianis in 584 cases/431 controls. Varianis in RYRZ
segregated with disease in 2 families. The novel variant L.3277R was not found in any
case/control. The rare variant, G1886S was more common in cases {p = 0.046) and extreme
cases (p = 0.023). Replication of G1886S using Norwegian/Australian dala was supportive.
Commeon varianis rs7908089 and rs 1881246 were significantly associated with HG and weight
ioss. Copy-number analysis revealed a deletion in a patient. RYRZ encodes an intracellular
caicium release channel involved in vomiting, cyclic-vomiting syndrome, and is a thyroid
hormone target gene. Additionally, RYRZ2 is a downsiream drug target of inderal, used to treat
HG and CVS. These results provide genetic evidence for a pathway and therapy for HG. More
details relating to this exampie can be found in Fejzo et al., Molecular and Celiular
Endocrinclogy, Volume 439, 5 January 2017, 308-316.

[0164] Throughout this application various publications are referenced. The disclosures of
these publications in their entireties arg hergby incorporated by reference into this application in

order to describe more fully the state of the art to which this invention pertains.

[0185] Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily utilized as a basis for modifyving or
designing other embodiments for carrying out the same purposes of the present invention.
Those skiiled in the art will also appreciate that such equivaient embodiments do not depart

from the spirit and scope of the invention as set forth in the appended claims.
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What is claimed is:
1. A method of analyzing genetic expression in a sample obtained from a subject, the
method comprising:

{a) obtaining a sample from the subject;

{b) measuring the level of expression product of at least one of the hyperemesis

gravidarum (HG} cutlook genes identified in Table 1 in the sampls;

(c) assigning a HG outlook score to the measured amount of expression for each of the

HG outlook genes, wherein the score is between 0 and 1;

(dy calculating a HG status score, wherein the status score is equal to or representative

of the combined outlook score(s) assigned in ().

2. The methed of claim 1, wherein at least two of the HG outlook genes of Table 1 are
measured.
3. The method of claim 1, wherein the measuring comprises contacting the sample

obtained from the subject with reagents for amplifving and/or detecting polynuclectides.

4. The method of claim 1, wherein the level of expression is measured via hybridization of

probes that specifically bind polynucleotides encoding the expression product.

5 The method of claim 1, wherein the level of expression is measured via binding of

antibodies that specifically bind the expression product.

8. The method of claim 1, wherein the sample is a urine sample, a blood sample, or a

saliva sample.

7. The method of claim 1, further comprising treating the subject for nausea/vomiting of

pregnancy (NVP) or hyperemesis gravidum (HG) if the HG status score is greater than zero.

8 The methed of claim 1, wherein the HG outlook gene is GDF15, IGFBP7, PGR, 3YNS,
MMADHC, TMEM38B, HCRTR2, GFRAL, RYRZ2 and/or PKHD1.

Q. The method of claim 8, wherein the expression is measured via detection of the G allele
at rs16982345, or any alleles in a shared haplotype with the G sliele at rs16982345, of GDF15.

10. The methed of claim 7, wherein the gene is GDF15 and the freatment comprises

administering an anti-GDF 15 agent o the subject

11. The method of claim 7, wherein the gene is MMADHC and the treatment comprises

administering vitamin B12 to the subject.

12. The method of claim 1, further comprising measuring the expression product of an
additional HG outiook gene, wherein the additional HG outlook gene is selected from: GDF15,

IGFBP7, PGR, and RYR2.
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13, A method of freating a subject for NVP or HG, the method comprising:

{a) performing the analyzing of any one of claims 110 12; and

(b} administering a treatment for NVP or HG {o the subject if the analyzing results in a

status score that is greater than zero.
14. The methed of claim 13, wherein the treatment comprises an antiemetic agent.
18. A method of analyzing a biclngical sample, the method comprising:

(a) measuring the amount of GDF 15 in the sample; and

(by measuring the amount of IGFEP7 in the sample.

16. The methed of claim 15, wherein the analyzing further comprises detecting whether the

amount of GDF15 is greater than 10 ng/mi, and the amount of IGFBP7 is greater than 80 ng/ml.
17. The method of claim 15 or 16, wharein the sample is oblained from a pregnant subject.

18. The methed of claim 17, wherein the subject is treated for HG or NVP if the amount of
GDF15 is greater than about 10 ng/mi, and the amount of IGFBP7 is greater than about 60

ng/mik.
18. A method of treating a subject for NVP or HG, the method comprising:
(a) performing the analyzing of claim 17, and

(by administering a freatment for NVP or HG to the subject if the amount of GDF15 is
greater than 10 ng/mi, and the amount of IGFBEP7 is greater than about 60 ng/ml.

20. A method of treating a subject for NVP or HG, the method comprising:

{(a) analyzing a sample obtained from the subject for presence of the G aliele in
1518982345 (positive for the GDF15 HG-risk allele) and/or the GG genotype at 14865234
(facking the /GFBFY HG-risk allele); and

(b)y administering ondansetron or promethazine if the patient is lacking the IGFBFP7 HG-
risk aliele, and treating a patient with metoclopramide if the patient is positive for the GDF15
HG-risk aliele.

21. A method of treating a subject for HG, the method comprising:

{a) analyzing a sample obtained from the subject for presence of one or more of the
genotype combinations identified in Example 5 as associated with HG at a significance of
P<0.05; and

(b} administering an inhibitor of a corresponding gene if the patient is positive for the

significant genotype combination.
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