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• Human DNA has ~3 billion loci with different nucleotides
• Only 4 nucleotides : A, C, G, and T 

(adenine, cytosine, guanine, thymine)
• Only ~10 million loci have nucleotides that vary (ie: ~0.3%)

Called Single Nucleotide Polymorphisms or SNP’s

• Relatively few SNP’s affect gene transcription

• Even fewer SNP’s are associated with disease 
susceptibility

• Genome Wide Association Study (GWAS) 
looks for SNPs associated with disease

DNA and Genes



Genetics of Endometriosis

First-degree relatives of women with 
endometriosis exhibit an increased risk of 
developing the disease (between 2 to 7 fold).

Additionally, disease severity is heightened in 
women with a family history 

Treloar, S.A., et al., Genetic influences on endometriosis in an Australian twin sample. Fertil
Steril, 1999. 71(4):701-10.
Saha, R., et al., Heritability of endometriosis. Fertil Steril, 2015. 104(4): 947-52.
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STUDY QUESTION: Do genetic effects regulate gene expression in human endometrium?
SUMMARY ANSWER: This study demonstrated strong genetic effects on endometrial gene expression and some 
evidence for genetic regulation of gene expression in a menstrual cycle stage-specific manner.
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• 123 premenopausal women of European ancestry 
• No hormone treatment in 3 months prior to surgery
• Endometrial biopsy and blood sample
• 15,226 endometrial probes and 8,613,031 SNPs for 

analysis
• Associations within +/-250kb from probe start site. 
• Identified 18,595 cis-eSNPs at a Bonferroni significance 

threshold of p<1.0x10-7. 
• eSNPs corresponded to 211 independent eQTL, mapping 

to 198 unique genes

The genetic regulation of transcription in 
human endometrial tissue: cis-eQTL’s

Fung et al., 2017 Hum Reprod



The relationship between genotypes of SNPs and gene expression levels of 
the top 5 study-wide significant cis-eQTLs for unique genes. 

Fung et al., 2017 Hum Reprod



Figure 4. Genotype modulates the gene expression differences across to menstrual cycle 
stages in the endometrium. The blue boxplots represent the P samples and orange 
boxplots represent the ES samples.

Fung et al., 2017 Hum Reprod



• 229 women of European ancestry
• 12,321 endometrial genes in ≥ 90% of all samples 
• 7,567 genes in at least one sample
• cis-eQTLs for 2,611 genes
• trans-eQTLs for 82 genes
• eQTLs in endometriosis GWAS loci: LINC00339 

(rs2501281), VEZT (rs10777680) 
• eQTLs also in blood: effects may not be specific to 

endometrium

Fung et al., 2018 Submitted



There are strong genetic effects on gene 
expression in endometrium including control of 
gene expression levels in menstrual cycle stage-
specific manner.

Conclusion
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Genome-wide Association Studies (GWAS) 
• Hypothesis-free approaches 

• Population-based (typically case-control studies)

• Provide powerful approach for mapping disease genes

• Tag Single-Nucleotide Polymorphisms (SNPs) for known common 

variants in the genome

Illumina Genotyping Chip
509,502 SNPs

Zhao and Chen (2013), Molecular Human Reproduction, Vol.19, No.10



GWASs of Endometriosis



Fung et al., 2018 Best Pract Res Clin Obstet Gynaecol



International	Endometriosis	Genomic	Consortium	(IEGC)



Fung et al., 2018 Best Pract Res Clin Obstet Gynaecol

Explains 
2% of 
risk



• Introduction

• Genetic regulation of endometrial transcription

• Genome-wide Association Studies (GWAS)

• Endometriosis genes LINC00339/CDC42/GREB1/VEZT

• Rare alleles/mutations

• Somatic mutations

• Epigenetics

State of the Art: Genetics and 
Endometriosis





• WNT4 – development of the uterus and human endometrial stromal cell 
differentiation

• HSPC157 - increased expression in lesion vs eutopic endometrium  (Hu 
et al, 2006, JCEM 91: 228) 

• Cell division cycle 42 (CDC42) – increased expression in secretory 
phase and endometriosis (Goteri et al, 2006, F&S 86: 559) 

Map	of	chromosome	1p36	region
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Effect	of	key	SNPs	on	expression	of	LINC00339
and	CDC42	in	blood	and	from	endometrium

LINC00339 CDC42

Chromosome	1	eQTL in	blood eQTLs in	blood	and	endometrium

Powell	et	al.,	2016	Human	Molecular	Genetics	25:	5046



• A block of ‘risk’ SNPs at chromosome 1p36.12 span genes 
WNT4, CDC42, and LINC00339

• The key SNP on chromosome 1 is located within an intron 
of WNT4

• BUT: There is chromatin looping between SNPs associated 
with endometriosis risk and promoter regions for both 
CDC42 and LINC00339, but NOT WNT4

• Results strongly implicate variation in expression of CDC42 
and LINC00339 in endometriosis risk. 

• Additional expression and functional studies will be 
necessary.

Conclusions

Powell et al, 2016 Hum Mol Gen



• GREB1 is an estrogen-regulated gene first identified in breast cancer cell 
lines and tumours

• Knock down of GREB1 inhibits estrogen induced growth in MCF-7 breast 
cancer cell lines

• ER-regulated transcription involves over 100 ER-associated proteins. 
• GREB1 is the most estrogen-dependent ER interactor: functions as an 

essential component of the ER transcription complex







VEZT expression quantitative trait loci 
(eQTL) effects in blood and eutopic 
endometrium. The expression levels of 
VEZT probe (ILMN_1774828) with 
eQTL effects for the relationship 
between rs10859871 and gene 
expression in blood (top panel) and in 
endometrium (bottom panel). Risk 
allele (CC), heterozygotes (CA) and 
other not-at-risk allele (AA).



• Vezatin is a ubiquitous protein of adherens cell-cell junctions 
• Contributes to creating a tension between adherens junctions 

and actin cytoskeleton to strengthen cell-cell adhesion (Kussel-
Andermann, El-Amraoui et al. 2000)

• Unclear how/if VEZT increases susceptibility to endometriosis





No published data on function of VEZT in 
endometrium despite reasonable expression levels.

VEZT functions in other tissues related to role in 
adherens junctions.

Role of VEZT in endometriosis will require 
considerable new work.

What does VEZT result mean for 
understanding endometriosis?



• Exome-array for protein-modifying variants in endometriosis 
• 7164 cases and 21005 controls. Replication 1840 cases and 129016 

controls of European ancestry. 
• Evidence for association with coding variants in (rs1801232-CUBN) 

(CIITA and PARP4) (did not survive replication). 
• Genome-wide significant evidence for rs13394619 (P = 2.3 × 10−9) in 

GREB1
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Reprod Sci 25: Suppl. 1 March 2018 

• 1019 Women with confirmed endometriosis
• Sequenced exons of 16 endometriosis GWAS genes to 

search for causative mutations
• 333/571 rare genetic variants alter protein coding
• 5 mutations have high odds ratios for endometriosis
• Stop mutations more prevalent in endometriosis cohort 

for 5 genes GREB1, NFE2L3, FN1, SYNE1, VEZT 
(p=1.7 x 10-13)



Reprod Sci 25: Suppl. 1 March 2018 

• Database of 32 million ancestors of current Utah population
• Identified 218 surgically affected women related through 19 

generations to a single founder born in 1508 in England
• Suggests an autosomal dominant gene for endometriosis 

with high but incomplete penetrance
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• Analyzed deep infiltrating endometriotic lesions from 27 
patients

• Exome sequencing revealed somatic mutations in 19 of 24 
patients (79%)

• Five patients had cancer driver mutations in epithelium: 
ARID1A, PIK3CA, KRAS, or PPP2R1A
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• Epigenetics can be broadly defined as changes in gene function that do 
not involve changes in DNA sequence

• Cellular machineries that regulate genome function
• DNA methylation, hydroxymethylation and demethylation of enzymes 

able to post-translationnaly modify histones. 

G. Zhang et al 2014. IUBMB Life 

Epigenetics

• Extensive cross-talk between different epigenetic layers maintains and 
regulates complex transcriptional networks in cells



• Huge amount of complex data
• Need large numbers to stratify for:

• Genotype
• Menstrual cycle stage
• Cell type
• Clinical data (disease symptoms, type, location, 

outcome etc)
• Environmental influences

• Functional studies challenging
• Will ultimately start to define biological processes that 

increase risk for endometriosis

Conclusions
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