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Abstract

Purpose To verify if polymorphisms of LH (Trp8Arg/lle15Thr),
LH receptor (insLQ), and FSH receptor (Asn680Ser) are
associated with endometriosis and infertility.

Methods This is a prospective case—control study. Sixty-
seven patients with endometriosis and infertility (study group)
and 65 healthy fertile patients (control group) were enrolled in
the study between July 2010 and July 2013. All patients had
their endometriosis diagnosis made or excluded by laparo-
scopic surgery; study group was submitted to the surgery for
infertility investigation and control group for tubal ligation.
Day-3 serum hormones were collected from all patients.
Analysis of nucleotide mutations for LH polymorphisms
(Trp8Arg and Ilel15Thr), LHR polymorphism (insLQ), and
FSHR polymorphism (Asn680Ser) were performed by PCR.

Capsule The presence of insLQ polymorphism is higher in patients with
endometriosis and infertility than in healthy fertile patients.
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Results Day-3 FSH, estradiol and LH serum levels were not
different between the groups, while CA-125 was higher
in patients with endometriosis and infertility. All poly-
morphisms studied were in Hardy-Weinberg equilibrium.
The prevalence of insLQ was significantly higher in patients
with endometriosis and infertility (P=0.005). Allele occur-
rence in control group was 0.10 versus 0.25 in infertile endo-
metriosis group (P=0.001). There was no difference regarding
Trp8Arg/lle15Thr (P>0.05) and Asn680Ser (P>0.05) preva-
lence between groups.

Conclusion This is the first time that prevalence of insLQ was
shown to be higher in patients with endometriosis and infer-
tility than in healthy fertile patients. There was no difference in
LH and FSHR polymorphisms’ prevalence between groups.
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Introduction

Endometriosis is a common disease that affects approximately
10-15 % of premenopausal women in the general population.
However, among infertile patients the prevalence can be as
higher as 30-60 % [1, 2]. Clinical manifestations of endome-
triosis usually include dyspareunia, dysmenorrhea, chronic
pelvic pain and infertility [3, 4].

The pathogenesis of this disease and its relationship with
infertility is not fully understood, but it is already known that it
involves hormonal, genetics and immunologic factors [5—10].
Endocrine disorders like altered folliculogenesis, ovulatory
disorders and luteal phase abnormalities had also been de-
scribed. Our research group has demonstrated that this disease
is associated with hyperprolactinaemia, diminished ovarian
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reserve and luteal insufficiency with a subsequent altered pat-
tern of progesterone secretion in the second phase of menstru-
al cycle [11-13].

It is well known that the women’s fertility is dependent of a
normal function of gonadotropins and their receptors.
Gonadotropins are glycoprotein hormones, consisting of a com-
mon « subunit and a unique {3 subunit specific for each of the
hormones [14, 15]. They act by binding to the extracellular
domain of their specific receptors, which belong to the super-
family of G protein-coupled receptors [14, 15]. Furthermore,
FSH and LH are responsible for an adequate folliculogenesis,
steroidogenesis in the ovary, oocyte maturation, ovulation, and
luteinization [16—19]. During luteal phase, LH is responsible
for maintaining an adequate progesterone secretion; conse-
quently its adequate function is essential during this period.

Gonadotropins and their receptors’ polymorphisms can af-
fect the hormones’ function [20-22]. For example, the FSH
receptor (FSHR) single nucleotide polymorphism (SNP)
Asn680Ser affects baseline FSH levels, increases gonadotro-
pin requirements during controlled ovarian hyperstimulation
and influences in vitro fertilization outcomes [23-25].
Furthermore, a common genetic variant of LH (V-LH), which
is characterized by two amino acid replacements, Trp8 Arg and
lle15Thr, in the (3 subunit gene, gives the hormone an in-
creased in vitro bioactivity and a decreased half-time in vivo
[21]. V-LH has also been associated to ovulatory disorders,
hyperprolactinemia and luteal insufficiency in infertile pa-
tients [26]. Moreover, a polymorphic insertion in exon 1 of
LH receptor (LHR) gene (insLQ) increases its activity in vitro,
by decreasing the half maximal effective concentration
(EC50) and increasing the cell surface expression [22]. This
SNP has been associated with early onset and adverse out-
come in breast cancer patients [22, 27].

It has been supported by a great number of studies that
heritability plays an important role in the development of en-
dometriosis [9, 28-30]. Furthermore, many authors have
looked for associations of several polymorphisms and endo-
metriosis [31, 32].

Taking into account that LH, FSH and their receptors con-
tribute profoundly to the regulation of women’s reproductive
processes and that endometriosis is commonly associated to
infertility and has a hereditary component, the aim of our
study is to verify this possible relation between LH, LHR
and FSHR polymorphisms, endometriosis and infertility.

Materials and methods
Design
This is a prospective case—control study performed in the

Gynecologic Department of Hospital de Clinicas de Porto
Alegre. STROBE guideline was used [33].

@ Springer

Subjects

Sixty seven patients with endometriosis and infertility (study
group) and 65 healthy fertile patients (control group) were
recruited between July 2010 and July 2013 to take part in
the study. Diagnosis of infertility was considered when the
couple had not conceived after 12 months of contraceptive-
free intercourse [34]. We selected all patients who had endo-
metriosis diagnosed during laparoscopic surgery for infertility
investigation and matched the including criteria for study
group (described below). Endometriosis degree was classified
according to revised American Society for Reproductive
Medicine [35]. Patients submitted to laparoscopic tubal liga-
tion formed control group. Therefore they had endometriosis
diagnosis excluded (by laparoscopy) and they also had previ-
ous history of normal fertility.

The inclusion criteria in study and control group were: (i)
regular menstrual cycles, (ii) presence of both ovaries, (iii) no
endocrine disorder and (iv) no family history of genetic dis-
case. The study group had also a normal sperm analysis.
Patients who presented endometrioma or polycystic ovary
syndrome diagnosis were excluded from the study.

Hormonal assays

On the early follicular phase (cycle day 3), we collected blood
samples to measure serum FSH, LH and CA-125 levels. All
samples were centrifuged at 2500 rpm for separation of plas-
ma, which was frozen for later analysis. Hormones were ana-
lyzed using chemiluminescence kits (Immulite, Deerfield,
USA). The largest inter and intra-kit variation was 6.1 and
6.5 % for FSH; 6.5 and 5.3 % for LH; 2.0 and 1.7 % for
CA-125. The detection limit was 1 mIU/mL for FSH and
LH, and 1.5 U/ml for CA-125.

DNA extraction

Blood samples were collected in EDTA tubes through veni-
puncture and DNA was extracted with commercial kit Easy
DNA (Invitrogen, Paisley, UK).

Detection of Trp8Arg e Ila1SThr mutations in LH gene

Exon 2 of LHB gene was amplified as described by Elter et al.
[36], using primers F1 (5 GAAGCAGTGTCCTTGTCCCA
3) and R1 (5§ GAAGAGGAGGCCTGAGAGTT 3). In brief,
amplification was performed in a Veriti thermal cycler (Life
Technologies) at annealing temperature of 62 °C, using 20
pmol of each primer, 0.5 U Taq DNA Polymerase, 2 mM
dNTP and 1.5 mM MgCI2 (all reagents from Invitrogen,
Paisley, UK). Amplification was confirmed by the presence
of a 662 bp band stained with SYBR® Gold (Invitrogen,
Paisley, UK) on electrophoresis in 1.5 % agarose gel.
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PCR products were purified with EXO-SAP (GE
Healthcare) and submitted to automated sequencing in ABI
3100 (Life Technologies) using BigDye Terminator v.3.0
(Life Technologies, California, USA). For sequencing, 4 pl
of purified PCR product, corresponding to 30-50 ng, estimat-
ed by visual inspection with Low Mass Ladder (Invitrogen,
Paisley, UK) were used with 3.2 pmol of F primer. The results
were compared with the reference sequence from
GenBank (NCBI) under accession number NG _011464.1.
Supplemental Figure 1a shows two sequencing results, one
homozygote for LH wild-type and the other heterozygote for
V-LH polymorphism.

Detection of insLQ in LHreceptor gene

Exon 1 of LHR gene was amplified with primers GhLHRI (5
CACTCAGAGGCCGTCCAAG 3) E GhLHR2 (5 GGAG
GGAAGGTGGCATAGAG 3) as described by Atger et al.
[37]. In brief, amplification was performed in a Veriti thermal
cycler (Life Technologies) at annealing temperature of 64 °C,
using 20 pmol of each primer, 0.5 U Taq DNA Polymerase,
2 mM dNTP and 1.5 mM MgCI2 (all reagents from
Invitrogen, Paisley, UK). Amplification was confirmed by
the presence of a 295 bp band stained with SYBR® Gold
(Invitrogen, Paisley, UK) on electrophoresis in 1.5 % agarose
gel.

PCR products were purified with EXO-SAP (GE
Healthcare) and submitted to automated sequencing in ABI
3100 (Life Technologies) using BigDye Terminator v.3.0
(Life Technologies, California, USA). For sequencing, 4 pl
of purified PCR product, corresponding to 30-50 ng, estimat-
ed by visual inspection with Low Mass Ladder (Invitrogen,
Paisley, UK) were used with 3.2 pmol of F primer. The results
were compared with the reference sequence from
GenBank (NCBI) under accession number NG _008193.1.
Supplemental Figure 1b shows two sequencing results, one
wild-type sequence (allele N) and the other with insLQ poly-
morphism (allele V).

Detection of Asn680Ser in FSH receptor gene

Asn680Ser variant, in exon 10 of the FSH receptor gene, was
detected by the nested PCR—RFLP (PCR-restriction fragment
length polymorphism) method, as described by Sudo et al.
[38]. All reagents were purchased from Invitrogen
(Invitrogen, Paisley, UK). All the polymerase chain reaction
(PCR) reactions were performed in an Eppendorf Personal
Cycler Thermocycler (Eppendorf, Hamburg, Germany).
Samples were analyzed simultaneously.

For Asn680Ser detection, the FSH receptor gene was am-
plified by PCR using genomic DNA as the template and a set
of primers (5 TTTGTGGTCATCTGTGGCTGC 3 and 5
CAAAGGCAAGGACTGAATTATCATT3), which

amplified a DNA fragment of 520 bp at an annealing temper-
ature of 60 °C. Since the A to G transition creates an endonu-
clease Bsrl recognition site, the PCR fragment following Bsrl
digestion and 2.5 % agarose gel electrophoresis with SYBR®
Gold reveals three different patterns. Based on this RFLP
analysis, patients were classified into three groups, NN
(680Asn/Asn), NS (680Asn/Ser) and SS (680Ser/Ser)
(Supplemental Figure 1c).

Sample size calculation

Sample size calculation was performed based on the literature
of all the polymorphisms studied. We have calculated 47
women for each group considering the significance level of
5 % and the power calculation for this sample size of 80 %,
with an expected difference of at least 10 % between groups
[38—41].

Statistical analysis

The statistical analysis was carried out using the SPSS 18.0
software. The measure of central tendency used was the mean
and the measure of variability was the standard deviation [42].
Medians and minimum-maximum values were used when
normality of data distribution could not be ascertained.
Categorical variables in the 2 groups were compared using
the 2-sided Pearson Chi2 test. Continuous variables were
compared using the t student test. Logistic regression analysis
was performed in order to determine the odds ratios and 95 %
confidence intervals associated with the endometriosis/infer-
tility, taking the control as the reference group. We considered
P<5 % significant. Genotype distribution was tested for
Hardy—Weinberg equilibrium, and the difference in genotype
frequencies between the samples was tested using a Chi
square-test for independence [43].

Ethical approval

The local ethics committee approved this study and a written
informed consent was provided for all subjects prior to the
blood sample collection (IRB equivalent).

Results

A total of 67 patients with endometriosis and infertility com-
posed the study group and 65 fertile patients with no endome-
triosis composed the control group. Demographic characteris-
tics are shown in Table 1. There was statistically significant
difference between the study group and the control group
regarding color pattern, weight, body mass index (BMI) and
pregnancy history. The groups were not different regarding
age, height and menstrual characteristics.
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Table 1  Demographic characteristics for women with infertility and
endometriosis (study group) and healthy fertile women (control group)

Control group (n=65) Study group (n=67) P value

Age (years) 33.13£5.15 32.0+4.48 .190*
Color 014°
White 48 (73.8 %) 57 (85 %)
Black 17 (26.2 %) 10 (15 %)
Weight (Kg) 70.11+12.91 62.68+11.93 .o011?
Height (meters)  1.61+0.065 1.63+0.054 139
BMI (Kg/m?) 27.16+4.61 23.67+4.27 .001*
Menarche (years) 12.19+1.94 12.33+£1.77 790 *
Pregnancy 3.72+2.24 0.42+0.78 .000°
Para 2.66£2.06 0.08+0.27 .000
Abortion 0.44+0.86 0.24+0.55 171

All values are means+SD; BMI body mass index, a student 7 test, b Chi2 test

There was no difference regarding serum LH and FSH
levels (data not shown). Nevertheless, the study group’s level
of CA-125 was 37.8+£36.9 while the control group’s level was
15+9.4, and this difference was statistically significant
(P=0.039).

LH, LHR and FSHR genotype analysis was possible in all
patients. Allelic distributions for all polymorphisms studied
were in the Hardy-Weinberg Equilibrium [43]. Homozygous

Fig. 1 LH (a), FSH receptor (b) a P=0.51

and LH receptor polymorphisms
(¢) frequencies in women with
infertility and endometriosis
(study group) and healthy fertile
women (control group). V-LH =
LH polymorphism Trp8Arg and
Ile15Thr; Wild LH = LH with no
polymorphism; FSH receptor
variants: SS = 680Ser/Ser, NS =
680Asn/Ser and NN = 680Asn/
Asn; insLQ = LH receptor with
polymorphic insertion in exon 1; 0
Wild LHR = LH receptor with no
polymorphic insertion
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and heterozygous carriers for the LH and LHR polymor-
phisms were combined for statistical reasons, as done in pre-
vious papers [26, 39].

Frequency of V-LH was 16.4 % in the study group and
12.3 % in the control group (Fig. 1a) and this difference was
not statistically significant, OR 1.4 (CI195 % 0.51-3.82). There
was also no difference in FSHR polymorphism Asn680Ser
prevalence between groups (Fig. 1b). Nevertheless, insLQ’s
frequency was 43.3 % in the study group and 20 % in the
control group (Fig. 1c) and this difference was statistically
significant, OR 3.05 (CI 95 % 1.4-6.64). Moreover, allele
occurrence in control group was 0.10 versus 0.25 in infertile
endometriosis group (P=0.001).

In the study group, we also divided endometriosis in mild
(stages I/I), 65.6 % of patients, and severe (stages III/IV),
34.4 % of patients [35]. There were no statistic differences
in LH polymorphisms (Trp8Arg and Ilel15Thr), LHR
polymorphism (insLQ), and FSHR polymorphisms
(Asn680Ser) prevalence between these groups (data not
shown). The prevalence of chronic pelvic pain in our study
group was 32 %.

In addition, in order to control a possible effect of BMI and
skin color as confounding biases, we performed a multivari-
able analysis (regression) considering insLQ’s as the primary
endpoint. This model did not show significance (P>0.05) for
both variables.
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Discussion

We have shown for the first time that the prevalence of insLQ
SNP is higher in infertile patients with endometriosis than in
healthy fertile patients. Nevertheless, we have found no dif-
ference in V-LH’s prevalence between these groups.
Furthermore, we have also found no difference in FSHR poly-
morphism Asn680Ser frequency between those groups.

Taking into account that the pathogenesis of infertility in
endometriosis patients is related to luteal insufficiency [11]
and that insLQ is associated to an altered LHR function
[22], our hypothesis that endometriosis and infertility are
linked to this SNP was confirmed in this research. Previous
studies about insLQ SNP were all related to breast cancer [22,
27]; it was never studied in the reproduction field.

We have speculated that endometriosis/infertility patients
may have an impaired LH function, and insLQ increases LHR
activity to try a compensatory effect. Moreover, we have al-
ready demonstrated that these patients have an abnormal pro-
gesterone secretion during luteal phase [11], corroborating
with this pathologic LH/LHR function theory.

V-LH gives LH an increased in vitro bioactivity and a de-
creased half-time in vivo [21], and it was not found to be
associated to endometriosis and infertility in our study.
Because this SNP is associated to LH dysfunction, many au-
thors have looked for its association with endocrine patholo-
gies. Therefore, V-LH has already been related to infertility
[26], premature ovarian failure [44], delayed tempo of puber-
tal progression in healthy boys [45] and polycystic ovarian
syndrome [46, 47]. Furthermore, Alviggi et al. studied 60
IVF cycles retrospectively and found that V-LH was more
frequent in women who needed higher doses of FSH [10].

Takahashi et al. studied 97 infertile Japanese females
and found V-LH correlated with luteal insufficiency,
hyperprolactinaemia and ovulatory disorders [26]. In this
study, they found no association with endometriosis, but they
had a small number of patients and no fertile controls. In
accordance with our results, Gazvani et al. studied 85 patients
with endometriosis and found no relationship between V-LH
and endometriosis [48].

Regarding FSHR polymorphism, there are several studies
claiming that patients homozygous to Asn680Ser polymor-
phism have more poorly reproductive outcomes. For example,
these patients have a longer follicular phase [49], higher day-3
serum FSH level [25], require a higher gonadotrophin dosage
to induce ovulation [50] and have fewer mature oocytes in
IVF cycle [25]. In men, this polymorphism has been associat-
ed to lower testes volume and altered serum reproductive hor-
mone levels [51].

A Chinese study which included 637 women, has shown
that women with this polymorphism had a significantly lower
risk of endometriosis [52]. However, this study did not specify
if those patients were infertile or not. Therefore, this is the first

time that this SNP has been studied in infertile/endometriosis
patients, and we have found no association between them.

Our study weaknesses include the lack of functional inves-
tigation and the heterogeneity of Brazilian population.
Nevertheless, endometriosis is also a very heterogeneous dis-
ease, which makes it more difficult to find a polymorphism
associated to it. Another of our study’s flaw is the fact that we
did not have a group of fertile endometriosis patients. On the
other hand, it is very difficult to find endometriosis patients
with proven fertility after endometriosis diagnosis has been
made.

Furthermore, the main focus of our study was endometri-
osis associated with infertility, not infertility alone. Therefore,
it is ethically questionable to submit patients with un-
explained infertility to laparoscopy for research purpose.
Laparoscopy is mandatory in this case, once we need to
exclude endometriosis.

We found differences in weight and BMI between the study
group and the control group. Nevertheless, these findings
agree with the literature data, once lower BMI is associated
with endometriosis [53]. Furthermore, high serum CA-125
levels in endometriotic patients was also an expected result
[54].

In conclusion, despite we found no difference in V-LH and
FSHR polymorphisms between groups, our study did find an
important relation between insLQ and endometriosis/infertili-
ty, opening up a new perspective in terms of endometriosis
ovulatory-dysfunction. Further studies could investigate
insLQ prevalence in other causes of infertility and its influ-
ence on treatment’s response.
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