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ABSTRACT
A previous GWAS study performed on Brazilian pooled samples indicated some SNPs (single nucleotide
polymorphisms) differentially frequent in infertile patients with endometriosis and controls. Some of them
were located in the genes whose biological function suggests that they could be associated with endo-
metriosis pathogenesis; thus, the purpose here was to confirm GWAS findings in a larger group of cases
and controls in order to associate the results with the pathogenesis of endometriosis. Then, a genetic
association study comprising 394 infertile women with endometriosis and 650 fertile control women was
conducted. TaqMan allelic discrimination assays were used to investigate the frequency of three SNPs in
the genes KAZN (rs10928050), LAMA5 (rs2427284), and TAC3 (rs733629). The analysis revealed a significant
association of KAZN rs10928050 (p¼ .015) and LAMA5 rs2427284 (p¼ .0059) SNPs with endometriosis-
related infertility, while TAC3 rs733629 showed no difference between cases and controls. As a conclusion,
it was possible to observe that individual genotyping of a larger sample of patients and controls con-
firmed the association among KAZN and LAMA5 with endometriosis-related infertility and revealed new
candidate genes contributing to the condition.
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Introduction

Endometriosis is a benign, estrogen-dependent gynecological dis-
ease that affects 10 to 16.3% of the women in reproductive age
[1,2]. It is characterized by the growth of stromal and glandular
tissue of endometrial origin outside the uterine cavity [3,4]. The
characteristic symptoms of this disease are dysmenorrhea, dyspar-
eunia, chronic pelvic pain, menstrual irregularities and infertility
[5]. However, 16% of the patients may be asymptomatic [6].

Genetic factors have been correlated with susceptibility to
endometriosis since the incidence of the disease is seven times
more frequent in women with cases of endometriosis in the fam-
ily than in sporadic cases [7].

In a previous Genome-Wide Association Study (GWAS),
three gene polymorphisms were differentially incident in pooled
samples from patients with endometriosis and controls [8]. One
of the polymorphisms was located in the KAZN gene, which enc-
odes a protein associated with cell adhesion, cytoskeletal organ-
ization and epidermal differentiation, cellular junctions and
signal transduction. Variations in this gene could justify the
adhesion of the endometrial cells outside the uterine cavity [9].

Another polymorphism was located in the TAC3 gene, which
decodes a taquinines’ family member peptides, primarily
expressed in the peripheral nervous system. Di Spiezio Sardo
et al found increased levels of this protein in samples of endo-
metriotic tissue. The authors associate this finding with pain
reported by patients with endometriosis [10].

In addition, a polymorphism was identified in the LAMA5
gene that encodes a laminin, one of the extracellular matrix

glycoproteins, which are the largest non-collagen constituents of
the membranes. Laminins have been implicated in a variety of
biological processes including cell adhesion, differentiation, migra-
tion, signaling, and metastasis. Ozhan et al, evaluated the serum
of 60 women with endometriosis in search of biomarkers and
observed that in addition to CA-125, laminin 1 and syntaxin 5
proteins had increased levels when compared to the control
group [11].

Previous studies on the proteins encoded by the genes in
question point to the association of the biological function of the
gene and endometriosis [1]. Thus, the aim of the study was to
confirm the involvement of selected variants in the pathogenesis
of endometriosis.

Material and methods

Patients

394 women with endometriosis and infertility (mean age
35.1 ± 3.9 years) were evaluated in order to compound the case
group. They were recruited from the Reproduction and Human
Genetics Center of the Faculdade de Medicina do ABC
(FMABC), Santo Andr�e, Brazil. They were diagnosed with endo-
metriosis by laparoscopy and were classified according to the
American Society of Reproductive Medicine [12], with manda-
tory histological confirmation of the disease.

The investigation into the cause of infertility included a hor-
monal and biochemical profile, testing for sexually transmitted
diseases, imaging examinations, investigation of genetic and/or
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immunological abnormalities, hysterosalpingography, hystero-
scopy, laparoscopy, and semen analysis of the partner.

Finally, 394 cases were selected to participate in this case-con-
trol study, and it is subdivided according to the stage of the dis-
ease: 197 with minimal/mild endometriosis (stage I and II) and
197 with moderate/severe endometriosis (stage III and IV).

A group of 650 fertile women without endometriosis (mean
age 39.7 ± 3.2 years) was selected in the Family Planning
Outpatient Clinic of FMABC, among the group submitted to
tubal ligation to compose the control group. The absence of
endometriosis in all controls was confirmed by inspection of the
pelvic cavity by laparoscopy. The samples included in the study
were selected for the same criteria as the GWAS set [8].

The study was approved by the local ethics committee and all
participants signed the informed consent after explaining the
objectives of the study (process number 310094).

SNP selection

The SNP-array genotyping of pooled DNA samples previously
published by our group considered the following standard qual-
ity control steps: SNPs with minor allele frequency
(MAFs)> 0.05, missing rates <0.05, or p values >.0001 for the
Hardy–Weinberg equilibrium test were included. Principal com-
ponent analysis (PCA) was applied considering all valid SNPs to
calculate genetic distances and account for population stratifica-
tion. 148 SNPs presented p values <.0001 and after literature
review three of them were selected for further association ana-
lysis in the replication stage based on their biological function
that could be possibly associated with the endometriosis
pathogenesis.

Molecular analysis

A sample of peripheral blood (4ml) was collected from the
patients and controls in EDTA-containing tubes for genomic
DNA extraction. Salting out method was used as described previ-
ously [13]. Genotyping of the polymorphisms rs10928050,
rs2427284, and rs733629 was performed using the respective
c_2463632_10, c_16232618_10, and c_620360_20 TaqMan assays
and TaqMan Master Mix genotyping (Thermo Fisher), with
50 ng of DNA per reaction. PCR conditions were as

recommended by the manufacturer. Reactions were carried out
in thermocycler Step One Real-Time PCR System (Applied
Biosystems, Carlsbad, California, USA).

Statistical analysis

Statistical analyzes were carried out using SPSS for Windows
11.0 (SPSS, Inc., Chicago, IL). Chi-square test was used to com-
pare allelic and genotypic frequencies between the groups, to
estimate Hardy–Weinberg. The odds ratio (OR) and range with
95% confidence interval (95% CI) were calculated for the pres-
ence of the reference genotype using a logistic regression model.
A p values< .05 was considered statistically significant.

Results

The 650 samples selected to compose the control group and the
394 samples of the case group were genotyped for the three gene
polymorphisms indicated by GWAS: TAC3 (rs733629), KAZN
(rs10928050), and LAMA5 (rs2427284). The results obtained
were arranged in Table 1 and were described as below:

It was observed for TAC3 rs733629 that there were no differ-
ences in genotype and allelic distribution considering endometri-
osis grades I to IV samples, grouped or discriminated according
to the endometriosis grade compared to the frequencies observed
in control group.

Considering the polymorphism KAZN rs10928050 it was
observed a statistically significant difference concerning allelic
distribution between groups with endometriosis and controls
(p¼ .015). However, when endometriosis subgroups were com-
pared to controls, it was possible to observe that the statistical
difference was obtained only to Endometriosis grades I and
II (p¼ .009).

The third polymorphism analyzed was the rs2427284 located
in the LAMA5, and showed no difference among the total group
of endometriosis samples when compared to controls. On the
other hand, when endometriosis subgroups allelic distribution
was compared to the ones obtained in the control group, a statis-
tically significant difference was observed considering endometri-
osis grades III and IV and control group (p¼ .005).

Table 1: Genotype and allele frequencies of rs733629, rs10928050 and rs2427284 SNPs in infertile women with
endometriosis and controls.

SNP Group n

Genotypes Alleles

p� OR (95% IC) HWEn (%) n (%) n (%) n (%) n (%)

rs733629 TT TC CC T C
C/T (FWD) EDT (I-IV) 394 333 (85) 58 (15) 3 (1) 724 (92) 64 (8) .57 0.91 (0.66 – 1.25) 1
Ancestral Allele: T EDT I/II 197 164 (83) 32 (16) 1 (1) 360 (91) 34 (9) .89 0.97 (0.65 – 1.45) 1
Gene: TAC3 EDT III/IV 197 169 (86) 26 (13) 2 (1) 364 (92) 30 (8) .44 0.85 (0.56 – 1.29) 0.31

Control 650 540 (83) 105 (16) 5 (1) 1185 (91) 115 (9) 0.73
rs10928050 AA AG GG A G
A/G (FWD) EDT (I-IV) 394 252 (64) 126 (32) 16 (4) 630 (80) 158 (20) .015 1.34 (1.06–1.69) 1
Ancestral Allele: A EDT I/II 197 123 (62) 63 (32) 11 (6) 309 (78) 85 (22) .009 1.47 (1.10–1.96) 0.41
Gene: KAZN EDT III/IV 197 129 (65) 63 (32) 5 (3) 321 (81) 73 (19) .210 1.22 (0.90–1.65) 0.49

Control 650 454 (70) 185 (28) 11(2) 1093 (84) 207 (16) 0.14
rs2427284 GG GA AA G A
A/G (FWD) EDT (I-IV) 394 356 (90) 33 (8) 5 (1) 745 (95) 43 (5) 0.100 0.75 (0.53–1.07) 0.003
Ancestral Allele: G EDT I/II 197 172 (87) 21 (11) 4 (2) 365 (93) 29 (7) 0.990 1.00 (0.66–1.50) 0.012
Gene: LAMA5 EDT III/IV 197 184 (93) 12 (6) 1 (1) 380 (96) 14 (4) 0.005 0.49 (0.28–0.86) 0.210

Control 650 562 (86) 80 (12) 8 (1) 1204 (93) 96 (7) 0.018

SNP: single nucleotide polymorphism; OR: odds ratio; CI: confidence interval.�p-Value of allelic frequencies versus control group; HWE-Hardy–Weinberg Equilibrium; Bold means significant p val-
ues (p< .05).

2 D. CHRISTOFOLINI ET AL.



Discussion

The present study addressed genes and metabolic pathways that
may be physiologically associated to endometriosis, based on the
evidence of a previous GWAS SNP study performed with a
pooled sample obtained from infertile Brazilian women with
endometriosis

Uno et al. conducted one of the first GWAS studies in endo-
metriosis. Among their findings, two SNPs (rs16826658 and
rs7521902) located in the chromosomal region 1p36, presented
p¼ 1.66� 10–6 with OR¼ 1.20 (95% CI 1.11–1.29) in the com-
bined analysis [14]. This chromosomal region also contains the
KAZN gene, identified in our GWAS analysis [8] and evaluated
in the present study.

As mentioned, the KAZN encodes a protein responsible for the
cell adhesion found within the desmosomes associated with peripla-
kin, a protein that is part of a skin desquamation process. In the pre-
sent study, the variant G of the rs10928050 polymorphism in KAZN
was observed more frequently in the endometriosis groups when
compared to the control group, in the different degrees of the dis-
ease. Nucleotide substitution promotes the replacement of the
amino acid isoleucine by methionine at position 83 of the protein
(dbSNP home page - NCBI, accessed on 2017). The variant form
may be associated with adhesion of the endometrial cells outside the
uterine cavity, characteristic of the disease.

A previous study with women with endometriosis and con-
trols, comparing the levels of gene expression in the eutopic
endometrium found that five genes from the eighty-four human
angiogenesis-connected genes, evaluated, showed increased
expression in the endometrium of patients with advanced endo-
metriosis (III and IV). Among then was LAMA5 [15].

Here, we also observed a significant association among
LAMA5 (rs2427284) SNP and moderate/severe endometriosis.
Exchange of bases promotes the substitution of phenylalanine by
serine at the position 1716 of the protein (dbSNP home page -
NCBI, accessed in 2017). It is possible that the presence of poly-
morphism modifies laminin function, favoring the development
of endometrial tissue outside the uterine cavity, by modifying the
adhesion of the endometrial cells out of their original site, lead-
ing to more severe forms of the disease. The laminins are formed
by three non-identical alpha, beta, and gamma chains encoded
by different genes [16]. A study comparing the expression of
gamma-laminin-332, in eutopic and ectopic endometrium of
patients with and without endometriosis, showed that increased
expression of laminin in the ectopic endometrium of women
with endometriosis, suggested a possible role of this protein in
the adhesion, migration, and invasion of endometrial cells neces-
sary for the development of the disease [16].

In the present study, the association between rs733629 poly-
morphism in the TAC3 gene and endometriosis was not con-
firmed. This variant, although intragenic, is located in an
intronic region of the gene (dbSNP home page - NCBI, accessed
on 2017), which may have contributed to the maintenance of
this protein’s function. However, it is not possible to rule out the
possibility that other polymorphisms of this gene are associated
with the condition.

An important factor to be considered in the studies on endo-
metriosis is the heterogeneity among the populations evaluated.
Many studies include patients with various symptoms such as
the presence of pain, infertility, the combination of pain and
infertility and, in some cases, the absence of symptoms. Our
group questions whether this variation of symptoms presented
by the patients would not represent the action of different genes
on the spectrum of the same disease. In this study all patients

had endometriosis and infertility was their main complaint. On
the other side, the control group was specially selected, com-
posed of fertile women free of endometriosis. In this way, despite
the homogeneity of the sample, we can’t distinguish whether the
finding was associated with endometriosis or infertility. Thus, as
future perspective we propose the evaluation of the variants here
indicated and other variants of the same genes in other popula-
tions, as women with endometriosis and fertile, and then con-
firm the role of these genes in the pathogenesis of the disease.

Conclusions

The results obtained in this study confirmed the association of
LAMA5 and KAZN polymorphisms with endometriosis in
Brazilian infertile women and reveals new candidate genes con-
tributing to endometriosis development and progression.
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