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Introduction

Uterine leilomyomata, commonly known as uterine fibroids, are benign
tumors derived from smooth muscle and fibrous tissue in the uterus, and
are the leading cause of hysterectomy in the United States. The lifetime
risk for a woman to develop fibroids has been estimated to be as high as
25%. Fibroids tend to grow under the influence of estrogen. The
underlying causes of uterine fibroids are not well understood, but it is
suggested by twin studies that approximately 55% of the variation in
susceptibility to fibroids is genetic.

Methods

To mvesngate the genetlc factors underlying uterine fibroids, we

iation study (GWAS) of 4,121 cases
and 12, 252 comrols of unrelated European ancestry individuals who
have self-reported information on uterine fibroids from the 23andMe
participant cohort. Samples were genotyped and imputed against 1000
Genomes reference haplotypes, a total of 8,058,452 SNPs met quality
control criteria.

Uterine fibroids cases were defined as having said yes to the following
question: “Have you ever been diagnosed with uterine fibroids?“ The
following table shows demographics of individuals included in the
GWAS.
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Table 1. Demographics statistic for uterine fibroids phenotype

Regression analyses were conducted in a set of responders, controlling
for age, and population structure:

Uterine fibroids ~ age + pc.0 + pc.1 + pc.2 + pc.3 + pc.4 + genotype

The results have been adjusted for a genomic control inflation factor of
1.018.

Results

GWAS findings:
We report one novel g il and four
associations.  The most significant finding is the variant in spectrin

repeat containing nuclear envelope 1 (SYNE1) gene (rs71575922: odds
ratio=1.3, p-value = 4.8 x 10''%), which is 18 kbp upstream of the ESR1
gene which encodes an estrogen receptor. Variants in ESR1 have been
previously shown to be associated with breast [1] and endometrial
cancer [2]. SYNE1 is expressed in skeletal and smooth muscle, and
peripheral blood lymphocytes, that localizes to the nuclear membrane.

Suggestive associations include the lipoprotein(a) (LP(a)) gene
(rs1800769: odds ratio=1.2, p-value=8.8 x 107), which has been shown
to promote smooth muscle cells proliferation in transgenic rabbits [3] and
rs12789861 (odds ratio=0.9, p-value=6.7 x 107) upstream of the Wilms
tumor protein (WT1) whose product interacts with estrogen receptor-
alpha in breast cancer cells and downstream of the reticulocalbin 1
(RCNT1) gene involved among other processes in muscle development
and tumorigenesis [4]. We replicate three previously identified
associations reported in women of Japanese ancestry (rs12484776 p-
value=8.8 x 10, rs2172873 p-value=0.012, and rs2280543 p-
value=0.015) [5].

GWAS pathway analyses:

To evaluate how multiple genes in the same pathway may contribute to
uterine fibroids we compared results from three pathway GWAS
approaches: MAGENTA [6], ALIGATOR [7], and VEGAS [8]. Rather than
focusing on a few SNPs and/or _genes with the s(rongest ewdence of
disease i multiple factors
together, we potentlally can improve the power to detect causal
pathways and disease mechanisms.

We used a gene set of canonical pathways from the Molecular
Signatures Database (MSigDB) containing 1320 gene sets compiled by
domain experts [9].

[pathway
BIOCARTA_ETS_PATHWAY

3.00E-04
REACTOME_SEMAAD_INDUCED_CELL MIGRATION_AND_GROWTH_CONE_COLLAPSE 120803
REACTOME_SEMAAD_IN_SEMAPHORIN_SIGNALING 230603
BIOCARTA THITH2 PATHWAY 630503
REACTOME_G_ ALPHA1213_SIGNALLING_EVENTS 9.10E03
Table 2. Pathway GWAS results for MAGENTA (p-value<0.01)
[pathway _____
ST_GAT_PATHWAY o
REACTOME_SEMA4D_ INDUCED CELL MIGRATION_AND_GROWTH_CONE_COLLAPSE 600504
REACTOME_SEMAMD_IN_SEMAPHORIN_SIGNALING 8.00E04
00024
00032
00032
004
X Y 00052
REACTOME G ALPHA1213 SIGNALLING EVENTS 00088
Table 3. Pathway GWAS results for ALIGATOR (p-value<0.01).
[pathway __________
REACTOME IMMUNE SYSTEM 418E12
REACTOME_SIGNALING_BY_GPCR 45BEA1
REACTOME_GPCR_DOWNSTREAM SIGNALING 196E07

Table 4. Pathway GWAS results for VEGAS gene ranking and
hypergeometric testing (p-value<0.01).

All three pathway GWAS methods identified G-protein coupled receptor
(GPCR) signaling as significant (MAGENTA p-value=9.1x103,
ALIGATOR  p-value=0, VEGAS p-value=4.58x10"""), particularly
activation of G-alpha 13 by ligands such as lysophosphatidic acid (LPA)
which is formed by oxidizing low density lipoprotein (e.g. LP(a)) have
been identified as significant by both MAGENTA and ALIGATOR.
Recenlly G proteln coupled receptors, namely GPCR10, have been
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Figure 1. Manhattan Plot of the uterine fibroids GWAS.
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Figure 2. Regional association plot for the top hit of uterine fibroids GWAS,

[10]. G- alpha 13 signaling has been shown to activate P38 MAPK and
JNK MAPK which identified as significant by ALIGATOR.

Both MAGENTA (p-value = 2.3x10?%) and ALIGATOR (p-value=8.0x10)
identified the semaphorin 4D signaling pathway as significant.
Semaphorins are secreted and membrane-bound proteins that control
axonal guidance in the nervous system, are widely expressed outside
the nervous system and play a major signal transduction role in the
regulation of cell-cell interactions. The SEMA4D receptor pathway in
particular has been shown to control invasive growth in the epithelial
cells [11]. In addition, SEMA4D and its receptors have been shown to
play a role in tumor carcinogenesis in endometrial cancer [12].

Among pathways identified as significant by MAGENTA are the ETS
pathway and cytokine Th1 Th2 pathway. Cytokine Th1/Th2
polymorphisms in IL4 and TNFA have been shown to be associated with
increased risk for development of uterine fibroids [13]. ETS transcription
laclors, which are both targets and modulators of growth factor and

signal ion and gene , have been
previously hypotheslzed to be important components of slgnallng
patt
leiomyomata [14].
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Using the HitPredict datab: [15] of high confidence protein-protein
interactions obtained from high-throughput experiments or derived from
protein complex data, we examined the list of significant ALIGATOR
GWAS genes with p-value<2.8x10%, which exceeds a Bonferroni-
corrected threshold of p-value=0.05/17,787 autosomal genes. In our list
of 48 significant genes, four interact with each other. ARHGEF11 and
CDC42 are part of the SEMA4D pathway, MAP3K4 involved in MAPK
pathway, both pathways are found significant by the pathway GWAS

D. Hinds'.

Figure 3. High-confidence
protein-protein interactions
identified among GWAS
significant genes (p-value
<2.8x10°%).

Discussion and Conclusion

We pursued three different lines of investigation in order to understand
etiology of uterine fibroids: GWAS, pathway based analysis of GWAS
data, and protein-protein interaction analysis of ranked genes. In
addition to work described here, we added body mass index (BMI) as a
covariate for GWAS of European women and the variant within SYNE1
gene was still significant (p-value=1.3 x 1077). We also ran GWAS
among women of African ancestry who are known to have 2-3x higher
uterine fibroids prevalence than women of European ancestry (948
cases and 1,818 controls), and found a nearly significant hit in
latrophilin-3 (LPHN3, rs6551725 p-value=107) — a member of the
latrophilin - subfamily of G-coupled receptors. Methods presented
converge on a set of pathways that are significant including G-coupled
protein receptor and semaphorin signaling pathways. We believe that
further analysis of growing 23andMe’s customer base for this phenotype
is very promising.
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