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Abstract: Background: Endometriosis is a chronic inflammatory condition affecting 10– 14 

15% of women of reproductive age. Genome-wide association studies (GWAS) have ac- 15 

counted for only a fraction of its high heritability, indicating the need for alternative ap- 16 

proaches to identify rare genetic variants contributing to its etiology. To this end, we per- 17 

formed whole-exome sequencing (WES) in a multi-affected family. Methods: A multigen- 18 

erational family was studied, comprising three sisters, their mother, grandmother, and a 19 

daughter, all diagnosed with endometriosis. WES was conducted on the three sisters and 20 

their mother. Results: Bioinformatic analysis identified 36 co-segregating rare variants. 21 

Six missense variants in genes associated with cancer growth were prioritized. The top 22 

candidates were c.3319G>A (p.Gly1107Arg) in the LAMB4 gene and c.1414G>A 23 

(p.Gly472Arg) in the EGFL6 gene. Variants in NAV3, ADAMTS18, SLIT1, and MLH1 may 24 

also contribute to disease onset through a synergistic and additive model. Conclusions: 25 

We identified novel candidate genes for endometriosis in a multigenerational affected 26 

family, supporting a polygenic model of the disease. Replication and functional studies 27 

are warranted to confirm these preliminary findings. 28 
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 30 

1. Introduction 31 

 Endometriosis (EMS) is a chronic inflammatory condition characterized by the pres- 32 

ence of endometrial-like tissue outside the uterus, commonly affecting the ovaries, fallo- 33 

pian tubes, outer uterine surface, and other pelvic organs. This ectopic tissue responds to 34 

hormonal fluctuations during the menstrual cycle, leading to inflammation, pain, and po- 35 

tential adhesion formation. Clinical manifestations include chronic pelvic pain, dysmen- 36 

orrhea, dyspareunia, abnormal or heavy menstrual bleeding, pain during bowel move- 37 

ments or urination (particularly during menstruation), chronic inflammation, irregular 38 

periods, infertility, fatigue, bloating, and nausea. Symptom severity varies among indi- 39 

viduals, with some remaining asymptomatic [1]. 40 
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Diagnosis typically involves pelvic examination, transvaginal ultrasound, or mag- 41 

netic resonance imaging (MRI). Laparoscopy is also part of the diagnostic workout even 42 

though it is an invasive procedure.  43 

Treatment strategies encompass anti-inflammatory medications (e.g., ibuprofen), 44 

hormonal therapies (e.g. oral contraceptives, progestins), and surgical interventions (e.g. 45 

laparoscopic excision or hysterectomy in severe cases). Lifestyle modifications, including 46 

stress reduction, anti-inflammatory diets, and regular physical activity, may also alleviate 47 

disease severity. 48 

Despite being considered benign, endometriosis can lead to infertility, significant im- 49 

pairment of the quality of life due to chronic pelvic pain, and, in some cases, can progress 50 

to cancer. Epidemiological data indicate a higher prevalence of endometrial cancer among 51 

women with endometriosis compared to the general population, suggesting endometrio- 52 

sis as a potential risk factor. Both conditions share characteristics such as cellular invasion, 53 

neovascularization, unregulated growth, estrogen dependence, apoptosis resistance, 54 

chronic inflammation, and metastatic potential [2]. Increased  cytokines level, including 55 

IL-1β, IL-6, IL-28, and tumor necrosis factors like CCL2, CCL5, and VEGF, have been im- 56 

plicated in the progression of endometriosis to malignancy. An increased presence of mac- 57 

rophages and lymphocytes in peritoneal fluid during endometriosis progression has been 58 

observed, along with a documented imbalance between Th1 and Th2 cells [3]. These 59 

dysregulated processes are influenced by hormonal imbalances, notably elevated estro- 60 

gen production and progesteron resistance. 61 

Globally, approximately 10–15% of women of reproductive age are affected by endo- 62 

metriosis [4]. The condition is multifactorial, arising from the interplay between genetic 63 

predisposition and environmental factors. While its exact etiology remains elusive, ge- 64 

netic, epigenetic, hormonal, oxidative stress, and immune components are critical contrib- 65 

utors. Immune dysregulation, involving inflammatory mediators, cytokines, and immune 66 

cells, facilitates the implantation, proliferation, angiogenesis, and development of ectopic 67 

endometrial stromal cells. 68 

Environmental risk factors include prolonged exposure to endogenous estrogens 69 

(e.g., early menarche, late menopause), hormonal fluctuations, short menstrual cycles, 70 

heavy menstrual bleeding, dietary influences, physical inactivity, gut and vaginal micro- 71 

biota composition, and smoking. Notably, smoking appears to have an inverse association 72 

with endometriosis risk, though findings are inconsistent across studies. 73 

The genetic basis of endometriosis is supported by various studies. Twin studies re- 74 

veal a higher concordance rate among monozygotic twins compared to dizygotic twins. 75 

Familial clustering has been documented since the 1950s, with first-degree relatives of af- 76 

fected women exhibiting a five- to seven-fold increased risk [5-7]. Familial cases often pre- 77 

sent earlier onset and more severe symptoms than sporadic cases [8]. 78 

Genome Wide Association Studies (GWAS) have identified significant associations 79 

between single nucleotide polymorphisms (SNPs) in genes involved in sex steroid path- 80 

ways, including ESR1, GREB1, FSHB, and CCDC170 [9]. Family-based linkage studies in 81 

Australian and British cohorts have pinpointed linkage regions on chromosomes 10q26, 82 

7p13–15, and 20p13. Additional risk loci on 7p15.2 and 1p36.12 have been identified 83 

through GWAS. Subsequent resequencing of candidate genes has largely failed to uncover 84 

monogenic causes, with the exception of high-penetrance variants in NPSR1 [10]. Overall, 85 

these studies have demonstrated that even in familial cases of EMS, multiple genes con- 86 

tribute to disease susceptibility, highlighting the polygenic nature of EMS. 87 

Furthermore, epigenetic mechanisms play a significant role in the onset of EMS. 88 

Genes encoding enzymes involved in estrogen metabolism exhibit promoter hypermeth- 89 

ylation, leading to reduced estrogen degradation [11,12]. Conversely, genes such as ESR2, 90 

which are involved in estrogen synthesis, display hypomethylated promoters, resulting 91 
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in elevated estrogen levels. Additionally, the characteristic decrease in progesterone levels 92 

observed in EMS is associated with aberrant DNA methylation and histone modifications 93 

of the progesterone receptor gene (PGR). Recent studies have also indicated that specific 94 

microRNAs and long non-coding RNAs may be dysregulated, further contributing to in- 95 

creased estrogen levels in EMS [13]. 96 

Given the complex etiology of EMS and the estimated heritability at 50% based on  97 

genome-wide association studies (GWAS) and linkage analyses, we conducted whole ex- 98 

ome sequencing (WES) in a three-generation family affected by EMS to identify potential 99 

candidate genes associated with the disease. 100 

2. Materials and Methods 101 

 A multigenerational family was referred for genetic counselling due to a high inci- 102 

dence of endometriosis among its members (Figure 1). Three sisters (T., 51 years old; M., 103 

48 years old; and B., 44 years old), their mother, grandmother, and the daughter of one of 104 

the sisters were all affected. Additionally, the mother was diagnosed with breast cancer at 105 

the age of 65. On the maternal side, three uncles died of lung cancer, possibly is association  106 

to environmental risk factors exposure during their lives. The father, currently 75 years 107 

old, has been diagnosed with senile dementia. On the paternal side, an aunt had breast 108 

cancer, and her son was diagnosed with both melanoma and sarcoma at the age of 44. The 109 

paternal grandfather also had melanoma. 110 

 111 

Figure 1. Pedigree of the family. The black symbols represent affected individuals by EMS. WES 112 

was performed in the women indicated by the arrow. 113 

Whole exome sequencing (WES) was performed on the three affected sisters and their 114 

mother. Genomic DNA was extracted from peripheral blood leukocytes, and WES was 115 

conducted using the Illumina platform with an average coverage of 100X. FASTQ files 116 

were generated for each individual and processed using the Galaxy online platform to 117 

produce individual VCF files for each proband, as well as a combined VCF file containing 118 

variants co-segregating among the four affected women. Variant annotation was carried 119 

out using the enGenome-Evai software [14]. 120 
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Filtering criteria included coding and splicing variants with coverage ≥20 and a mi- 121 

nor allele frequency (MAF) ≤ 0.01. Initially, exome data were cross-referenced with a cu- 122 

rated list of 49 EMS-associated genes derived from the literature [15]. Exome data were 123 

also cross-matched with GWAS data on endometriosis [9]. As no variants in the target 124 

panel were shared among the four probands, we proceeded to analyze the gene variants 125 

shared by the four probands to identify novel candidate genes. 126 

Variant prioritization was performed using Varelect (https://varelect.gene- 127 

cards.org/about/) based on a gene list derived from the analysis and incorporating the 128 

following key terms: “oxidative stress,” “inflammation,” “growth,” “adhesion,” and “es- 129 

trogen.” All bioinformatic analyses were conducted according to best practice guidelines. 130 

In silico prediction tools for missense variants were accessed via Varsome, and CADD, 131 

REVEL, and PaPI scores were used to assess potential pathogenicity (https://var- 132 

some.com/). Variant frequencies were evaluated using the GnomAD database 133 

(https://gnomad.broadinstitute.org/). 134 

The study was approved by the local ethics committee (Institutional Review Board 135 

approval no. 04.21) and conducted in accordance with the Declaration of Helsinki. Written 136 

informed consent was obtained from all participants. 137 

3. Results 138 

Following the completion of the bioinformatics pipeline, we excluded variants lo- 139 

cated in the 3' and 5' untranslated regions (UTRs), intronic regions, synonymous variants, 140 

as well as those with low quality or coverage (≤ 20X). Rare copy number variants were 141 

absent. 142 

The 14 genome wide significant SNPs reported by Sapkota et al. [9] were not present 143 

in our exomes. 144 

We then compared the exomes of the four affected individuals against a curated list 145 

of 49 EMS-associated genes derived from the literature [15]. No shared variants were iden- 146 

tified within this gene panel. Subsequently, we identified 36 variants common to all four 147 

patients. These variants were prioritized using Varelect software, employing the follow- 148 

ing keywords: “oxidative stress,” “inflammation,” “growth,” “adhesion,” and “estrogen.” 149 

Each gene variant was individually evaluated based on: 150 

• Minor allele frequency (MAF) and number of homozygotes, as per the GnomAD 151 

v2.1.1 database (https://gnomad.broadinstitute.org/); 152 

• • Predicted functional impact using in silico tools such as SIFT, MutationTaster, 153 

and PolyPhen, alongside integrated scores including CADD, REVEL, and PaPI indi- 154 

ces. 155 

• Biological relevance to processes like growth, inflammation, adhesion, and oxidative 156 

stress, assessed through literature review; 157 

• Tissue-specific expression profiles, utilizing data from the GTEx database 158 

(https://www.gtexportal.org/home/aboutAdultGtex). 159 

Based on these criteria, we compiled a list of the most promising candidate variants 160 

(Table 1). Except for MLH1, none of the genes listed in Table 1 are currently associated 161 

with known clinical conditions. 162 

The top EMS candidate gene identified is LAMB4 (OMIM* 616380), which encodes 163 

laminin beta 4. This protein is highly expressed in the skin and at lower levels in other 164 

tissues. Frameshift mutations in LAMB4 and related laminin genes have been observed in 165 

gastric and colorectal cancers [16]. A significant proportion of these cancers with LAMB4 166 

mutations also exhibited loss of LAMB4 protein expression. Laminins are crucial for main- 167 

taining normal epithelial structures and play roles in tumor invasion and metastasis, func- 168 

tioning as tumor suppressor genes. Germline truncating variants in LAMB4 have been 169 
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detected in individuals with colorectal cancer, with somatic second hits confirming the 170 

biallelic inactivation characteristic of tumor suppressor genes [17]. Wang et al. [4] identi- 171 

fied another laminin gene, LAMA4, as an EMS-associated gene through bioinformatics 172 

analysis, while Santin et al. [15] reported LAMA5 as an EMS candidate gene. The missense 173 

variant c.3319 G>A (p.Gly1107Arg) in LAMB4, detected in all four probands, has been 174 

previously reported once in the ClinVar database without association to a specific pheno- 175 

type and is exceedingly rare in the general population (MAF: 3/251,316). In silico tools and 176 

high CADD, REVEL, and PaPI scores suggest this variant may impact protein function 177 

(Table 1). 178 

The second most attractive candidate is EGFL6 (OMIM*300239), encoding epidermal 179 

growth factor-like domain 6, expressed in cutaneous and visceral adipocytes, as well as in 180 

the vagina, cervix, breast, and lung. EGFL6 has been shown to promote asymmetric divi- 181 

sion, maintenance, and metastasis of ALDH+ ovarian cancer cells [18]. More recently, Gar- 182 

rett et al. [19] demonstrated that EGFL6 activates the MAPK pathway, enhancing cancer 183 

cell proliferation and migration in vitro, and increasing tumor growth in vivo. These ex- 184 

periments utilized endometrial cancer cells and tissues, with EGFL6 knockdown resulting 185 

in reduced tumor growth. The c.1414 G>A (p.Gly472Arg) missense variant identified in 186 

the three sisters and their mother is rare in the general population (MAF: 5/183,514). In 187 

silico prediction tools and pathogenicity indices suggest this variant may function as a 188 

gain-of-function mutation, promoting abnormal growth and migration (Table 1). This var- 189 

iant is listed as a variant of uncertain significance (VUS) in the ClinVar database, with only 190 

one submission and no specific condition associated. 191 

The third candidate gene, NAV3 (OMIM*611629), functions as a tumor suppressor in 192 

breast cancer [20] and is expressed in the vagina, uterus, cervix, and other tissues. The 193 

c.7154 T>C (p.Leu2385Pro) variant is rare (MAF: 139/275,880) and has not been reported 194 

in ClinVar. In silico tools and pathogenicity indices suggest this variant could affect pro- 195 

tein function, particularly if a second somatic mutation occurs. NAV3 is implicated in cell 196 

migration through microtubule stabilization and inhibition of random migration [21]. 197 

Loss of NAV3 expression has been associated with melanoma and poor survival in breast 198 

and nervous system tumors. 199 

The ADAMTS18 (OMIM*607512) and SLIT1 (OMIM**603742) variants exhibit lower 200 

REVEL scores (0.088 and 0.132, respectively) and less compelling in silico predictions. 201 

However, both genes are involved in growth regulation and the identified variants are 202 

absent from the GnomAD database, suggesting to keep a potential role in EMS onset. Spe- 203 

cifically, ADAMTS18 has been implicated in tumorigenesis in melanoma and colorectal 204 

cancers [22], while SLIT1 functions as a tumor suppressor in breast epithelium [23].  205 

The last candidate gene, MLH1 (OMIM*120436), is well known to be associated with 206 

Lynch syndrome and plays a role in the DNA mismatch repair system. The c.977 T>C 207 

(p.Val326Ala) variant, shared by all four probands, is rare (MAF: 131/282,782). High 208 

CADD, REVEL, PaPI, and pyloP100 scores, along with in silico predictions, suggest po- 209 

tential deleterious effects on protein function. However, multiple functional studies have 210 

demonstrated that this variant does not impair the repair system or affect splicing [24]. 211 

Consequently, the variant has been classified as benign by expert panels, with the most 212 

recent evaluation on 22 December 2024. Though the MLH1 variant is not considered path- 213 

ogenetic in the context of Lynch syndrome, we cannot rule out a milder impact contrib- 214 

uting to EMS onset, or even a second-hit in the endometrial cells. 215 

Table 1. list of the best candidate co-segragating variants with their associated indices and charac- 216 

teristics. MAF=Minor Allele Frequency; CONS= phyloP100 conservation score; P=Pathogenetic; 217 

VUS=Variant of Unknown Significance; B/LB=Benign/Likely Benign. 218 
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4. Discussion 220 

Endometriosis (EMS) is a multifactorial disorder arising from the interplay between 221 

environmental exposures and both common and rare genetic variants. Among environ- 222 

mental factors, prolonged exposure to endogenous estrogens is paramount, followed by 223 

influences such as diet, lifestyle, and physical activity. Genome-wide association studies 224 

(GWAS) and linkage analyses have identified several risk loci, including NPSR1 (neuro- 225 

peptide S receptor 1), GREB1 (growth regulation by estrogen in breast cancer 1), CCDC170 226 

(coiled-coil domain-containing 170), and ESR1 (estrogen receptor 1). Beyond genetic pre- 227 

disposition, emerging evidence implicates epigenetic dysregulation in EMS pathogenesis 228 

[25]. 229 

Although EMS is typically considered a benign condition, it possesses the potential 230 

for malignant transformation into endometrial, ovarian, thyroid, or breast cancers. The 231 

estimated overall risk for such progression is approximately 1%, though this figure may 232 

be underestimated [26]. Notably, the candidate genes identified in our study are involved 233 

in critical cellular processes such as proliferation, adhesion, migration, and DNA repair. 234 

This observation aligns with recent findings from somatic DNA analyses of endometriotic 235 

tissues, which have revealed recurrent mutations in cancer driver genes, including 236 

ARID1A, components of the MAPK/Ras pathway, and the PI3K-AKT-mTOR axis [27]. 237 

Our most compelling co-segregating candidate gene is LAMB4, which encodes lam- 238 

inin beta 4. Previous studies have proposed other laminin genes, such as LAMA4 and 239 

LAMA5, as EMS candidates [4,15, 17]. Given the tumor-suppressive functions of laminins, 240 

we hypothesize that the germline variant identified in our family may predispose indi- 241 

viduals to EMS, with a subsequent somatic "second hit" potentially leading to transfor- 242 

mation in EMS phenotype. This proposed mechanism mirrors the well-established multi- 243 

step model of familial colorectal polyposis driven by germline mutations in the tumor 244 

suppressor gene APC, where an initial germline mutation leads to benign polyposis, and 245 

a subsequent somatic mutation causes colorectal cancer. 246 

Despite the insights provided by GWAS, linkage studies and twin studies, a signifi- 247 

cant portion of EMS heritability remains unexplained. To address this gap, whole-exome 248 

sequencing (WES) has been employed by various research groups, including our, to elu- 249 

cidate the complex genetic architecture of EMS. 250 

Several WES studies have aimed to identify rare variants in known EMS-associated 251 

genes and to discover novel candidates. For instance, Santin et al. [17] conducted WES on 252 

80 sporadic EMS cases, finding that 43% harbored variants in 13 candidate genes (FCRL3, 253 

LAMA5, SYNE1, SYNE2, GREB1, MAP3K4, C3, MMP3, MMP9, TYK2, VEGFA, VEZT, 254 

RHOJ); 8.8% had variants in eight additional genes (KAZN, IL18, WT1, CYP19A1, IL1A, 255 

IL2RB, LILRB2, ZNF366); and 24% carried variants in three novel genes (ABCA13, NEB, 256 

CSMD). Other family-based WES studies have identified new candidate genes such as 257 

FGFR4, NALCN, and NAV2 [28]; TNFRSF1B, GEN1, and CRABP1 [29]; and CIITA [30]. 258 

Notably, variants in the first three genes were further screened in a larger EMS cohort 259 

without identifying additional carriers [28]. None of the candidate gene variants proposed 260 

in these studies co-segregated with EMS in our family. Interestingly, one of the candidate 261 

genes proposed by Nousiainen et al. [28], NAV2, shares significant similarity with NAV3, 262 

which emerged as our third most promising candidate (Table 1). The variants identified 263 

in our candidate genes are all missense mutations, a finding consistent with other studies 264 

that have predominantly reported missense variants in EMS-associated genes. 265 

Collectively, our study and others reinforce the polygenic nature of EMS. The five co- 266 

segregating variants presented in Table 1 may contribute to EMS pathogenesis through 267 

additive or synergistic effects. Among these, MLH1 is noteworthy; although the variant 268 

co-segregating in our family has been classified as benign by expert panels due to its lack 269 

of impact on DNA repair and splicing [24], its potential contributory role in EMS cannot 270 
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be entirely dismissed, especially within a polygenic framework. Supporting this, the var- 271 

iant exhibits high CADD, REVEL, and PaPI scores (Table 1). 272 

In summary, our study has identified five novel EMS candidate genes co-segregating 273 

within a family comprising five affected individuals. Future objectives include: (i) func- 274 

tional validation of the identified co-segregating variants (Table 1); (ii) conducting WES 275 

in additional families with multiple EMS-affected members to expand the list of candidate 276 

genes or confirm any of the genes in our list. Upon establishing an extended target panel, 277 

incorporating candidate genes from other studies, we plan to screen a larger cohort to 278 

further elucidate the genetic underpinnings of EMS. 279 

Author Contributions: Conceptualization, F.G. and C.L; methodology, C.L. and A.A.; formal anal- 280 

ysis, C.L; investigation, C.L.; resources, V.P.; data curation, writing and original draft preparation, 281 

C.L and F.G.; writing—review and editing, C.L, F.G, V.P. All authors have read and agreed to the 282 

published version of the manuscript. 283 

Funding: This research received no external funding. 284 

Institutional Review Board Statement: The study was approved by the local ethics committeeof 285 

Fondazione Policlinico Universitario Campus Biomedico (Institutional Review Board approval no. 286 

04.21) and conducted in accordance with the Declaration of Helsinki. 287 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 288 

study and written informed consent has been obtained from the patients to publish this paper. 289 

Acknowledgments: The authors have reviewed and edited the output and take full responsibility 290 

for the content of this publication. 291 

Conflicts of Interest: The authors declare no conflicts of interest. 292 

References 293 

1. Giudice LC. Clinical practice. Endometriosis. N Engl J Med. 2010 Jun 24;362(25):2389-98. doi: 10.1056/NEJMcp1000274. PMID: 294 

20573927; PMCID: PMC3108065. 295 

2. Dentillo DB, Meola J, Ferriani RA, Rosa-E-Silva JC. Common Dysregulated Genes in Endometriosis and Malignancies. Rev Bras 296 

Ginecol Obstet. 2016 May;38(5):253-62. doi: 10.1055/s-0036-1583293. Epub 2016 May 24. PMID: 27218703; PMCID: PMC10309387. 297 

3. Ma R, Zheng Y, Wang J, Xu H, Zhang R, Xie Z, Zhang L, Zhao R. Identification of key genes associated with endometriosis and 298 

endometrial cancer by bioinformatics analysis. Front Oncol. 2024 Nov 22;14:1387860. doi: 10.3389/fonc.2024.1387860. PMID: 299 

39650066; PMCID: PMC11620973. 300 

4. Wang T, Jiang R, Yao Y, Qian L, Zhao Y, Huang X. Identification of endometriosis-associated genes and pathways based on 301 

bioinformatic analysis. Medicine (Baltimore). 2021 Jul 9;100(27):e26530. doi: 10.1097/MD.0000000000026530. PMID: 34232189; 302 

PMCID: PMC8270630. 303 

5. Simpson JL, Elias S, Malinak LR, Buttram VC Jr. Heritable aspects of endometriosis. I. Genetic studies. Am J Obstet Gynecol. 304 

1980 Jun 1;137(3):327-31. doi: 10.1016/0002-9378(80)90917-5. PMID: 7377252. 305 

6. Parasar P, Ozcan P, Terry KL. Endometriosis: Epidemiology, Diagnosis and Clinical Management. Curr Obstet Gynecol Rep. 306 

2017 Mar;6(1):34-41. doi: 10.1007/s13669-017-0187-1. Epub 2017 Jan 27. PMID: 29276652; PMCID: PMC5737931. 307 

7. Frey GH. The familial occurrence of endometriosis; report of five instances and review of the literature. Am J Obstet Gynecol. 308 

1957 Feb;73(2):418-21. doi: 10.1016/s0002-9378(16)37364-1. PMID: 13394631. 309 

8. Kennedy S, Hadfield R, Mardon H, Barlow D. Age of onset of pain symptoms in non-twin sisters concordant for endometriosis. 310 

Hum Reprod. 1996 Feb;11(2):403-5. doi: 10.1093/humrep/11.2.403. PMID: 8671232. 311 

9. Sapkota Y, Steinthorsdottir V, Morris AP, Fassbender A, Rahmioglu N, De Vivo I, Buring JE, Zhang F, Edwards TL, Jones S, O 312 

D, Peterse D, Rexrode KM, Ridker PM, Schork AJ, MacGregor S, Martin NG, Becker CM, Adachi S, Yoshihara K, Enomoto T, 313 

Takahashi A, Kamatani Y, Matsuda K, Kubo M, Thorleifsson G, Geirsson RT, Thorsteinsdottir U, Wallace LM; iPSYCH-SSI- 314 

Broad Group; Yang J, Velez Edwards DR, Nyegaard M, Low SK, Zondervan KT, Missmer SA, D'Hooghe T, Montgomery GW, 315 

Chasman DI, Stefansson K, Tung JY, Nyholt DR. Meta-analysis identifies five novel loci associated with endometriosis 316 

Reviewer
Comment on Text
It was previously stated that a total of 36 common variants were identified. Were all variants affecting just the 5 genes mentioned?
Please provide a graphical representation of the variants alignment along the target genes



Biomedicines 2025, 13, x FOR PEER REVIEW 9 of 10 
 

highlighting key genes involved in hormone metabolism. Nat Commun. 2017 May 24;8:15539. doi: 10.1038/ncomms15539. 317 

PMID: 28537267; PMCID: PMC5458088. 318 

10. Tapmeier TT, Rahmioglu N, Lin J, De Leo B, Obendorf M, Raveendran M, Fischer OM, Bafligil C, Guo M, Harris RA, Hess- 319 

Stumpp H, Laux-Biehlmann A, Lowy E, Lunter G, Malzahn J, Martin NG, Martinez FO, Manek S, Mesch S, Montgomery GW, 320 

Morris AP, Nagel J, Simmons HA, Brocklebank D, Shang C, Treloar S, Wells G, Becker CM, Oppermann U, Zollner TM, Kennedy 321 

SH, Kemnitz JW, Rogers J, Zondervan KT. Neuropeptide S receptor 1 is a nonhormonal treatment target in endometriosis. Sci 322 

Transl Med. 2021 Aug 25;13(608):eabd6469. doi: 10.1126/scitranslmed.abd6469. PMID: 34433639. 323 

11. Chen H, Malentacchi F, Fambrini M, Harrath AH, Huang H, Petraglia F. Epigenetics of Estrogen and Progesterone Receptors 324 

in Endometriosis. Reprod Sci. 2020 Nov;27(11):1967-1974. doi: 10.1007/s43032-020-00226-2. Epub 2020 Jul 22. PMID: 32700282. 325 

12. Rossi M, Seidita I, Vannuccini S, Prisinzano M, Donati C, Petraglia F. Epigenetics, endometriosis and sex steroid receptors: An 326 

update on the epigenetic regulatory mechanisms of estrogen and progesterone receptors in patients with endometriosis. Vitam 327 

Horm. 2023;122:171-191. doi: 10.1016/bs.vh.2023.01.007. Epub 2023 Feb 6. PMID: 36863793. 328 

13. Ochoa Bernal MA, Fazleabas AT. The Known, the Unknown and the Future of the Pathophysiology of Endometriosis. Int J Mol 329 

Sci. 2024 May 27;25(11):5815. doi: 10.3390/ijms25115815. PMID: 38892003; PMCID: PMC11172035. 330 

14. Nicora G, Limongelli I, Gambelli P, Memmi M, Malovini A, Mazzanti A, Napolitano C, Priori S, Bellazzi R. CardioVAI: An 331 

automatic implementation of ACMG-AMP variant interpretation guidelines in the diagnosis of cardiovascular diseases. Hum 332 

Mutat. 2018 Dec;39(12):1835-1846. doi: 10.1002/humu.23665. Epub 2018 Oct 19. PMID: 30298955. 333 

15. Santin A, Spedicati B, Morgan A, Lenarduzzi S, Tesolin P, Nardone GG, Mazzà D, Di Lorenzo G, Romano F, Buonomo F, 334 

Mangogna A, Concas MP, Zito G, Ricci G, Girotto G. Puzzling Out the Genetic Architecture of Endometriosis: Whole-Exome 335 

Sequencing and Novel Candidate Gene Identification in a Deeply Clinically Characterised Cohort. Biomedicines. 2023 Jul 336 

27;11(8):2122. doi: 10.3390/biomedicines11082122. 337 

16. Choi MR, An CH, Yoo NJ, Lee SH. Laminin gene LAMB4 is somatically mutated and expressionally altered in gastric and 338 

colorectal cancers. APMIS. 2015 Jan;123(1):65-71. doi: 10.1111/apm.12309. Epub 2014 Sep 25. PMID: 25257191. 339 

17. Smith CG, Naven M, Harris R, Colley J, West H, Li N, Liu Y, Adams R, Maughan TS, Nichols L, Kaplan R, Wagner MJ, McLeod 340 

HL, Cheadle JP. Exome resequencing identifies potential tumor-suppressor genes that predispose to colorectal cancer. Hum 341 

Mutat. 2013 Jul;34(7):1026-34. doi: 10.1002/humu.22333. Epub 2013 May 20. PMID: 23585368. 342 

18. Bai S, Ingram P, Chen YC, Deng N, Pearson A, Niknafs YS, O'Hayer P, Wang Y, Zhang ZY, Boscolo E, Bischoff J, Yoon E, 343 

Buckanovich RJ. EGFL6 Regulates the Asymmetric Division, Maintenance, and Metastasis of ALDH+ Ovarian Cancer Cells. 344 

Cancer Res. 2016 Nov 1;76(21):6396-6409. doi: 10.1158/0008-5472.CAN-16-0225. Erratum in: Cancer Res. 2017 Apr 15;77(8):2175. 345 

doi: 10.1158/0008-5472.CAN-17-0421. PMID: 27803106; PMCID: PMC5120866. 346 

19. Garrett AA, Bai S, Cascio S, Gupta N, Yang D, Buckanovich RJ. EGFL6 promotes endometrial cancer cell migration and prolif- 347 

eration. Gynecol Oncol. 2024 Jun;185:75-82. doi: 10.1016/j.ygyno.2024.02.016. Epub 2024 Feb 17. PMID: 38368816; PMCID: 348 

PMC11179989. 349 

20. Cohen-Dvashi H, Ben-Chetrit N, Russell R, Carvalho S, Lauriola M, Nisani S, Mancini M, Nataraj N, Kedmi M, Roth L, Köstler 350 

W, Zeisel A, Yitzhaky A, Zylberg J, Tarcic G, Eilam R, Wigelman Y, Will R, Lavi S, Porat Z, Wiemann S, Ricardo S, Schmitt F, 351 

Caldas C, Yarden Y. Navigator-3, a modulator of cell migration, may act as a suppressor of breast cancer progression. EMBO 352 

Mol Med. 2015 Mar;7(3):299-314. doi: 10.15252/emmm.201404134. PMID: 25678558; PMCID: PMC4364947. 353 

21. Bugaeva O, Maliniemi P, Prestvik WS, Leivo E, Kluger N, Salava A, Virtanen S, Jäntti K, Saksela O, Lehti K, Kujala P, Krohn K, 354 

Ranki A. Tumour Suppressor Neuron Navigator 3 and Matrix Metalloproteinase 14 are Co-expressed in Most Melanomas but 355 

Downregulated in Thick Tumours. Acta Derm Venereol. 2023 Mar 8;103:adv00883. doi: 10.2340/actadv.v103.298. PMID: 356 

36883877; PMCID: PMC10010123. 357 

22. Wei X, Prickett TD, Viloria CG, Molinolo A, Lin JC, Cardenas-Navia I, Cruz P; NISC Comparative Sequencing Program; Ros- 358 

enberg SA, Davies MA, Gershenwald JE, López-Otín C, Samuels Y. Mutational and functional analysis reveals ADAMTS18 359 

metalloproteinase as a novel driver in melanoma. Mol Cancer Res. 2010 Nov;8(11):1513-25. doi: 10.1158/1541-7786.MCR-10- 360 

0262. Epub 2010 Oct 13. PMID: 21047771; PMCID: PMC30. 361 

23. Marlow R, Strickland P, Lee JS, Wu X, Pebenito M, Binnewies M, Le EK, Moran A, Macias H, Cardiff RD, Sukumar S, Hinck L. 362 

SLITs suppress tumor growth in vivo by silencing Sdf1/Cxcr4 within breast epithelium. Cancer Res. 2008 Oct 1;68(19):7819-27. 363 

doi: 10.1158/0008-5472.CAN-08-1357. Erratum in: Cancer Res. 2010 May 1;70(9):3853. PMID: 18829537; PMCID: PMC3075571. 364 

24. Takahashi M, Shimodaira H, Andreutti-Zaugg C, Iggo R, Kolodner RD, Ishioka C. Functional analysis of human MLH1 variants 365 

using yeast and in vitro mismatch repair assays. Cancer Res. 2007 May 15;67(10):4595-604. doi: 10.1158/0008-5472.CAN-06-3509. 366 

PMID: 17510385. 367 



Biomedicines 2025, 13, x FOR PEER REVIEW 10 of 10 
 

25. Ducreux B, Patrat C, Firmin J, Ferreux L, Chapron C, Marcellin L, Parpex G, Bourdon M, Vaiman D, Santulli P, Fauque P. 368 

Systematic review on the DNA methylation role in endometriosis: current evidence and perspectives. Clin Epigenetics. 2025 369 

Feb 21;17(1):32. doi: 10.1186/s13148-025-01828-w. PMID: 39985111; PMCID: PMC11846336. 370 

26. Munksgaard PS, Blaakaer J. The association between endometriosis and ovarian cancer: a review of histological, genetic and 371 

molecular alterations. Gynecol Oncol. 2012 Jan;124(1):164-9. doi: 10.1016/j.ygyno.2011.10.001. Epub 2011 Oct 26. PMID: 372 

22032835. 373 

27. Anglesio MS, Yong PJ. Endometriosis-associated Ovarian Cancers. Clin Obstet Gynecol. 2017 Dec;60(4):711-727. doi: 374 

10.1097/GRF.0000000000000320. PMID: 28990985. 375 

28. Nousiainen S, Kuismin O, Reinikka S, Manninen R, Khamaiseh S, Kuivalainen M, Terho A, Koivurova S, Niinimäki M, Salokas 376 

K, Varjosalo M, Ahtikoski A, Bützow R, Lindgren O, Uimari O, Vahteristo P. Whole-exome sequencing reveals candidate high- 377 

risk susceptibility genes for endometriosis. Hum Genomics. 2023 Oct 3;17(1):88. doi: 10.1186/s40246-023-00538-9. PMID: 378 

37789421; PMCID: PMC10546785. 379 

29. Kina BG, Topbas Selcuki NF, Bahat PY, Usta T, Aydin S, Rahmioglu N, Tuncer FN, Oral E. Whole exome sequencing reveals 380 

novel candidate variants for endometriosis utilizing multiple affected members in a single family. Mol Genet Genomic Med. 381 

2024 Jan;12(1):e2312. doi: 10.1002/mgg3.2312. Epub 2023 Nov 27. PMID: 38013616; PMCID: PMC10767589. 382 

30. Zhu Y, Pan H, Han Y, Li T, Liu K, Wang B. Novel missense variant of CIITA contributing to endometriosis. Reprod Biomed 383 

Online. 2022 Sep;45(3):544-551. doi: 10.1016/j.rbmo.2022.05.011. Epub 2022 May 21. PMID: 35835655. 384 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au- 385 

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 386 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 387 




