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 Abstract
 Objectives. The purpose of this study was to 
evaluate the association between the follicle-stimulating 
hormone (FSH) receptor (c.-29G>A) and FSH beta chain (c.-
280G>T) polymorphisms and endometriosis in Romanian 
women.
 Material and methods. We performed the 
polymorphic analysis of the FSH receptor gene and FSH 
beta chain in 44 patients with endometriosis and 34 controls. 
Genomic DNA was obtained from peripheral blood and 
polymorphisms were investigated using restriction fragment 
length polymorphism analysis (RFLP).
 Results. There were no significant differences 
in genotype frequencies of FSH receptor gene between 
endometriosis patients and controls. For the heterozygous 
type of the FSH receptor polymorphism (c.-29G>A) 
we did not find a significant difference in its frequency 
between patients with minimal/mild and moderate/severe 
endometriosis (p = 0.136). Also, the FSH beta chain (c.-
280G> T) polymorphism frequency was not significantly 
associated with the severity of endometriosis (p = 0.966).
 Conclusions. FSH receptor and FSH beta chain 
polymorphisms do not seem to influence the severity of 
endometriosis, but they could be correlated with female 
infertility (primary or secondary), therefore further studies 
are required to debate this topic.

 Key words: FSH receptor, LH receptor, FSH 
receptor, endometriosis, infertility, polymorphism.

INTRODUCTION

 Endometriosis affects 1-2% of the general 
female population. It is considered a cosmopolitan 
disease, with a female phenotype including 
Caucasian, young, tall, normal weighted women, with 
an active social life. Also, it is affecting women of 
reproductive age, with a major impact on the patient’s 
daily life (1,2). Studies (3) affirm that the incapacity 
to conceive generates a high level of stress in young 

women, and their couple life. Alternative methods of 
treatment involve reproductive medicine, that comes 
with greater costs, possible complications, and life 
treating risks, without a full guarantee of a pregnancy 
(4). It is important to mention that, in Romania only 
after certain criteria for example anti-mullerian 
hormone (AMH)>1.2ng/mL in women, couples can 
apply for a national infertility funding program for in 
vitro fertilization (IVF).
 Follicle stimulating hormone (FSH) is a 
glycoprotein hormone with a heterodimeric structure. 
It is formed by an alfa subunit, common to the structure 
of TSH, LH, hCG and another specific beta subunit (5). 
FSH binds to its receptor (FSHR), that is a G-protein 
coupled receptor. Through the interaction with its 
receptor, it acts on the endometrial tissue by signaling 
cAMP, therefore we can affirm that it is involved in 
mechanisms of development of endometriosis (6). 
FSHR is found in ovarian granulose cells and in 
testicular Sertoli cells, participating in the development 
of follicles and estradiol in women and spermatogenesis 
in man (5, 7). The FSHR gene contains more 
approximately 2000 single nucleotide variants (SNVs) 
(5). The most studied ones are: C.919G>A (rs6165); 
C.2039G>A (rs6166), and C.-29 G>A (rs1394205).
 Endometriosis is a pathological condition 
characterized by the presence of endometrial tissue 
outside the uterine cavity, leading to a chronically 
inflammatory state of the pelvic organs (6). New 
theories about this disease claim that there are newer 
evidences that suggest immune cells, adhesion 
molecules, extracellular matrix metalloproteinase and 
pro-inflammatory cytokines can negatively influence 
the peritoneal microenvironment. In consequence, they 
create good conditions for the differentiation, adhesion, 
proliferation, and survival of ectopic endometrial cells, 
leading to further development of pelvic endometriosis 
(8).
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 The aim of this study was to find correlations 
between infertility and endometriosis with FSH 
polymorphism. We hypothesize that women affected 
by a certain degree of endometriosis, according to the 
American Society for Reproductive Medicine (ASRM), 
could have associated certain FSHR or FSH B type of 
polymorphisms.

PATIENTS AND METHOD

 The study group consisted of 78 female 
patients, divided into two study groups, depending on 
the presence or absence of endometriosis associated 
with primary or secondary infertility. The study group 
consisted of 44 women diagnosed with endometriosis, 
inclusion criteria met the following aspects: women 
between 18-42 years of age diagnosed with different 
stages of endometriosis and infertility, defined as the 
incapacity of obtaining a pregnancy after more than a year 
of unprotected sexual intercourse, with an association 
of specific clinical symptoms such as menorrhagia, 
irregular menstrual cycles, dysmenorrhea, dyspareunia. 
We did not take into consideration the male partner cause 
for infertility, that was excluded from our research. 
The study did not include women with infertility of 
other causes than endometriosis, body mass index 
>40 Kg/m2, neoplasia, autoimmune diseases, diabetes 
mellitus, infectious disease, depression, and treatment 
for depressive disorders. Every patient enrolled into 
the study signed a written informed consent. The 

control group included 34 pregnant women, with no 
history of diagnosis with endometriosis, or previous 
clinical symptoms mentioned above, with more than 
24 weeks of pregnancy, that delivered a viable baby at 
the end of pregnancy. Exclusion criteria consisted of 
history of diagnosis with pelvic endometriosis, prior to 
pregnancy, gynecological complaints of menorrhagia, 
irregular menstrual cycles, dysmenorrhea, dyspareunia 
in the past medical history. Every patient enrolled in 
the study signed a written informed consent. A form 
of the consent was approved by the Commission for 
Medical Ethics of the University.

 DNA testing
 Genomic DNA was extracted from peripheral 
blood using Wizard Genomic DNA Purification 
Kit (Promega Corp., Madison, WI, USA).FSHR 
polymorphism c.-29G>A and FSHB polymorphism 
c.-280G>T detection was performed by real-time 
PCR based genotyping solution, with rhAmp™ SNP 
Genotyping (IDT Integrated DNA Technologies, 
Inc). Briefly, ten nanograms of genomic DNA were 
amplified in a total of five microliters PCR volume 
according to the manufacturer’s protocol in AriaMx 
Real-Time PCR System (Agilent, USA). 
 PCR conditions were: 10 minutes at 95¯C 
for enzyme activation, followed by 45 cycles of 10 
seconds at 95¯C (denaturation), 30 seconds of 60¯C 
(annealing), and extension at 60¯C for 20 seconds, 
with fluorescence acquiring at the end of every cycle. 
g blocks gene fragments (1000 copies/reaction) were 
used as sample template, and heterozygous samples 
were obtained by mixing equal amounts of 2 different 
templates (wild type and mutant).

 Statistical methods
 In the statistical analysis, there were used 
both descriptive methods and analytical methods, with 
a threshold of significance of 95%. The results were 
centralized in SPSS18.0 databases and processed with 
the specific statistical functions: t-Student test, Chi2, 
mean, and standard deviation (sd). The severity of 
endometriosis correlation with FSH polymorphism 
was calculated using Kruskal-Wallis test.

RESULTS

 Epidemiological characteristics
 The age of the included patients, in the 
group of patients with endometriosis (Case group), 
had a mean of 31.3± 6.06 years (range 21-44 years) 

Figure 1. Real Time PCR aspect, with a scatter plot graph obtained 
during the interpretation of the FSHR polymorphism c.-29G>A with 
rhAmp™ SNP Genotyping (IDT Integrated DNA Technologies, Inc): 
Allele A- homozygote wild-type, Allele B -homozygote mutated, 
heterozygote status.
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and a median value of 31 years, close to the average 
value. The skewness test result (p = 0.255) suggested 
the homogeneity of the value series. In the control 
group, consisting of patients with natural births or by 
caesarean section, the age had variations between 20 
and 35 years, with a mean of 27.79 years ± 4.60 (sd) 
and a median value (28 years) close to the average 
value. The skewness test result (p = -0.245) suggested 
the homogeneity of the value series.

 Genetic results
 FSHR (c.-29G> A) rs1394205 test showed 
a slightly higher frequency of normal or wild type 
(W) response (GG) in the group of patients with 
endometriosis (59.1% vs. 55.9%) and frequency of 

heterozygous genotype (H) (AG) was slightly higher 
in the control group (36.4% vs. 41.2%) (p = 0.699). 
Of the test results rs10835638 (c.-280G> T) in FSHB, 
the frequency of response W (GG) (86.4% vs. 82.4%) 
and H (GT) (13.6% vs. 17.6%) was comparable in both 
study groups (p = 0.628).
 From the total of 44 patients with 
endometriosis, we found 26 (59.1%) wild type (W) 
(GG) responses to FSHR (c.-29G> A) testing, and 38 
(86.4%) W (GG) responses to FSHB (c.-280G> T) in 
the studied group. In the control group, formed by 34 
patients, we had 19 (55.9%) W responses to the FSHR 
(c.-29G> A) gene test and 28(82.4%) to the FSHB (c.-
280G>T) gene test.
 In the studied group we found 16 H (GA) 

Table 1. Comparative results between wild type (W), heterozygote (H) and mutant (M) of the FSH receptor and FSH beta chain 
polymorphism and the analyzed groups

FSH R: follicle-stimulating hormone receptor, FSH B: follicle-stimulating hormone beta chain.

Results Study group (n=44) Control group (n=34) p
FSH R (c.-29G>A) rs1394205  
W (GG) 26 (59.1%) 19 (55.9%) 0.957
M (AA) 2 (4.5%) 1 (2.9%) 0.717
H (GA) 16 (36.4%) 14 (41.2%) 0.843
FSH B (c.-280G>T) rs10835638
W (GG) 38 (86.4%) 28 (82.4%) 0.865
M (TT) - - -
H (GT) 6 (13.6%) 6 (17.6%) 0.865

Parameters Polymorphism pW (GG) M (AA) H (GA)
FSH R (c.-29G>A) rs1394205  
Control group (n=34) 19 (55.9%) 1 (2.9%) 14 (41.2%)

0.869
Study group (n=44) 26 (59.1%) 2 (4.5%) 16 (36.4%)
Endometriosis severity
Severity
Minimal/Mild
Moderate/Severe

19 (73.1%)
7 (26.9%)

2 (100.0%)
0 (0.0%)

8 (50.0%)
8 (50.0%)

0.136

Infertility history
Primary
Secondary

19 (73.1%)
7 (26.9%)

1 (50.0%)
1 (50.0%)

9 (56.3%)
7 (43.8%)

0.479

Polymorphism
p

W (GG) M (TT) H (GT)
FSH B (c.-280G>T) rs10835638 
 Control group (n=34) 28 (82.4%) - 6 (17.6%)

0.628
 Case group (n=44) 38 (86.4%) -   6 (13.6%)
Endometriosis symptoms
Severity
Minimal/Mild
Moderate/Severe

25 (65.8%)
13 (34.2%)

-
4 (66.7%)
2 (33.3%)

0.966

Infertility history
Primary
Secondary

24 (63.2%)
14 (36.8%)

-
5 (83.3%)
1 (16.7%)

0.308

Table 2. FSH receptor and FSH beta chain gene polymorphism results according to endometriosis degree (ASRM classification) and 
infertility status (primary or secondary)

FSH R: follicle-stimulating hormone receptor, FSH B: follicle-stimulating hormone beta chain.
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responses to FSHR (c.-29G> A) test and 38 W (GG) 
(86.4%) and 6 H (GT) (13.6%) responses in FSHB 
(c.-280G>T. In the control group, the polymorphism 
of the responses highlights the following aspects (p 
= 0.723): from the total of 34 pregnant patients, there 
were 19 patients (55.9%) that had W (GG) responses to 
FSHR testing (c.-29G> A), and there were 28 patients 
(82.4%) that had W (GG) responses to testing in FSHB 
(c.-280G> T). In 14 patients we found H (GA) results 
in FSHR (c.-29G> A), while 12 patients had W (GG) 
results in the FSHB (c.-280G> T) gene.
 Mutant genotype noted as M (AA) response to 
FSHR (c.-29G> A) was found in only 2 patients from 
the study group and in only one patient from the control 
group. No mutant (M) form of response was noted in 
the FSHB (c.-280G> T) gene of both study and control 
group.
 On FSHR (c.-29G> A) rs1394205, 
endometriosis was moderate-severe in 50% of patients 
with an H (GA) response (p = 0.136), suggesting no 
correlation. When testing rs10835638 (c.-280G> T) in 
FSHB, the severity of endometriosis was not associated 
with polymorphism (p = 0.966) (Table 2).
 Results in FSHR testing (c.-29G> A) rs1394205 
showed that both mutants M (50%) and heterozygotes 
H (43.8%) were not significantly associated with 
secondary infertility (p = 0.479). Also, women with 
heterozygotes (H) genotype were mostly found to have 
primary infertility (83.3%).

DISCUSSION

 We investigated the relationship between 
FSHR (c.-29G>A) rs1394205 and FSHB(c.-280G>T), 
rs10835638 polymorphisms and endometriosis disease 
in 44 Romanian women with endometriosis, regarding 
its correlation to infertility and in 34 control group 
women, with a good reproductive outcome. The 
findings showed that in FSHR (c.-29G>A) testing, 
endometriosis was not correlated with mutant forms 
(AA) response in moderate-severe endometriosis 
(p = 0.479). Also, in the FSHB (c.-280G>T) testing, 
endometriosis severity was not significantly associated 
with either W or H response in this polymorphism  
(p = 0.628).
 Comparing to other articles, Wang et al. (3) 
described correlations between FSHR polymorphism 
and endometriosis, and concluded that mutant alleles 
of FSH receptor gene at the position 680 of amino 
acid (Asn680Ser) (GG genotype, 680Ser/Ser and GA 
genotype, 680Ser/Asn) could be associated with a 

lower risk of endometriosis, and with minimal/mild 
degrees of the disease in their analyzed population. In 
our study, we could not correlate endometriosis severity 
with our studied polymorphisms (FSHR (c.-29G>A)/
rs1394205 and FSHB (c.-280G>T)/rs10835638).
 Kerimoglu et al. (9) evaluated FSHR 
polymorphisms in Turkish women. The results showed 
no significant difference in genotype frequencies of 
Ala307Thr and Asn680Ser polymorphisms between 
endometriosis and controls. However, when the 
patients were divided according to disease severity, 
they found that the patients with the 680Ser/Ser (GG) 
or 307Ala/Ala (GG) genotypes were less likely to 
develop stage 3–4 endometriosis compared to the stage 
1–2 endometriosis group. 
 FSH-R-29 G>A (RS1394205) is part of the 
intron area, in the 5′-untranslated region and is known 
to modulate ovarian response. We know that A allele 
influence has decreased mRNA transcriptional activity 
and a low number of proteins in the FSH-R (10). 
Achrekar et al. (11) in 2009, described women with 
variants AA that had fewer oocytes and consequently 
lower live birth rates compared with GG variants in the 
field of reproductive medicine.
 Later, Desai et al. (12), described in 2013, 
in women with FSHR position-29, with AA type, an 
increased risk of low ovarian response (OR 8.63, 95% 
CI 1.84–45.79; P = 0.001). 
 On the other hand, other studies did not 
encounter a correlated significant lower response with 
ovarian stimulation (13-15).
 Using fifty-seven studies, Professor Carlo 
Alviggi mentioned FSH-R-29 G>ARS1394205 in a 
recent meta-analysis and demonstrated the need for 
increased exogenous FSH doses, in homozygotes for 
the A allele compared in women with the G allele in 
reproductive medicine protocols (16).
 LH receptor (LHR) gene is formed by 11 
exons, as compared to FSHR (that is formed by only 
10) (5,17). In contrast to LH beta subunit, FSH-B 
appears to be highly conserved (17). Indeed, fewer 
variants of the gene encoding for FSH-B subunit have 
been identified so far. The first variant was identified 
in 1993 in a woman with primary amenorrhea, poorly 
represented secondary sexual characteristics and 
infertility (18).
 In time, other variants were discovered, 
the majority produce modifications of the 
cysteine component of FSH, that interfere with its 
biological activity (19). Therefore, inactivating 
FSH-B polymorphisms can lead to infertility, 
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sexual infantilism, with subsequent altered breast 
development and puberty modifications (according to 
Tanner classification) (20).
 From 24 SNP polymorphisms that are known in 
the FSH B (18), we know that one in the promoter chain 
area (C.-221G>T, RS10835638) has clinical impact in 
both female and male sexual function (21, 22). 
 Regarding infertility, a study noticed a 
decreased day three FSH value in infertile women, 
with normal menstrual cycles, in those with FSH-B 
and respectively FSH-R polymorphisms GT genotype 
(RS10835638) and AA ( RS6166) genotype, compared 
with the FSH-B GG/FSH-R GG genotype (23). 
 Now, we know that T allele modifications 
are correlated with increased FSH and LH levels 
and infertility (21). T allele of FSH-B (C-211 G>T, 
RS10835638) can induce a reduced gene transcriptional 
activity. There is also evidence which suggests that 
another variant of FSH-B subunit (C.228 C>T, RS6169) 
might be implicated in the development of polycystic 
ovarian syndrome (24).
 We believe that the main clinical impact 
of FSH R and FSH B gene polymorphisms is their 
influence in the modulation of the reproductive system, 
that can result in a low ovarian response when ovarian 
stimulation is started.

 Study limits
 One major limitation of the study is the fact that 
we did not recruit a control group of women diagnosed 
with idiopathic infertility, thus we could not appreciate 
possible correlations with polymorphisms of the FSHR 
and FSH B gene on them. This happened because 
we wanted to include in the study only women with 
endometriosis and infertility and compare them with 
pregnant women, without prior history of infertility or 
endometriosis.
 The FSHR gene polymorphisms have 
been incriminated to have an impact on FSH basal 
levels, ovarian reserve, and ovarian response to 
exogenous gonadotropins (2). Studies also showed 
an influence in women diagnosed with endometriosis 
when compared with women without endometriosis 
(18). Often, endometriosis is a significant cause 
of infertility, besides its most known clinical signs 
like menstrual irregularities, chronic pelvic pain 
(CPP), dysmenorrhea, dyspareunia (22). When 
associated these severe symptoms have an important 
psychological and social impact on the daily life 
and social activities of affected women. For this 
reason, endometriosis is considered as a disabling 

condition that may significantly compromise social 
relationships, sexuality, and mental health. Its 
incidence is often underestimated, worldwide impact 
being considered around 2%. If we focus only on 
Caucasian women, like in Romania, we believe that 
this percentage is actually much higher, but the low 
addressability to a gynecologist when mild symptoms 
occur, the absence of a screening program, makes it 
harder to treat in advanced stages. 
 In conclusion, FSH receptor and FSH beta 
chain polymorphisms do not seem to influence the 
severity of endometriosis, but they could be correlated 
with female infertility (primary or secondary), therefore 
further studies are required to debate this topic.
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