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Abstract
Purpose To determine the influence of different genotypes of Ala307Thr and Asn680Ser FSHr polymorphisms on controlled
ovarian stimulation (COS) outcome and pregnancy.
Methods This study collected blood and physiological and clinical parameters of 517 Caucasian patients (Statistical power ≥
80%) that underwent COS treatment. Genotypes of Ala307Thr and Asn680Ser polymorphisms were determined using PCR
amplification followed by Bsu36I and BsrI digestion, respectively.
Results Ala307Ala and Ser680Ser genotypes associated to worse parameters of COS outcome (preovulatory folliclesP = 0.05, in
both), justifying their lower pregnancy rate than Non-Ala307Ala, P = 0.01 and Non-Ser680Ser, P = 0.004, respectively or
together, (P = 0.003). Within the Non-Ala307Ala group, Thr307Thr genotype showed higher number of fertilized oocytes (P =
0.04) and embryos (P = 0.01) than Non-Thr307Thr, but no influence on pregnancy rate. Ala307Ala and Ser680Ser patients
doubled probability of non-pregnancy than Non-Ala307Ala (odds ratio = 2.0) and Non-Ser680Ser (odds ratio = 2.11), respec-
tively. Ala307Ala and Ser680Ser genotypes tend to appear together (P < 0.0001), which increases the probability of non-
pregnancy.
Conclusions Ala307Ala and Ser680Ser genotypes of 307 and 680 FSHr polymorphisms associate to worse COS outcome than its
respective Non-Ala307Ala and Non-Ser680Ser. Within the Non-Ala307Ala genotypes, Thr307Thr, although shows higher
Fertilized Oocytes and Embryos, do not influence on pregnancy rate. Ala307Ala and Ser680Ser genotypes double the probability
of Non-Pregnancy than their respective Non-Ala307Ala and Non-Ser680Ser genotypes. Furthermore, the strong tendency of
these genotypes to appear together worsens the probability of pregnancy in these patients.
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Introduction

Assisted reproductive techniques (ART) have increased
steadily over the years. From 1997 to 2015, the European
Society of Human Reproduction and Embryology
(ESHRE) has reported about 9 million ART treatments
leading to the birth of 1.6 million children [1]. Only in
2015, 7.3% of all children born in Europe was achieved
due to ART. In spite of these encouraging results, little is
known about the different treatments, factors and genetic
biomarkers that influence COS response resulting in im-
proved outcomes.
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Since the ovarian response is highly unpredictable, one of
the main factors to obtain an optimal ovarian response is the
choice of the correct COS protocol [2]. Different studies have
attempted to design individualized strategies of COS as a so-
lution to avoid the ovarian hyperstimulation syndrome
(OHSS) [3–5] or, on the contrary, unexpected poor response
that decreases the chance of obtaining an euploid embryo [6,
7], without obtaining conclusive results.

New specific biomarkers and pharmacogenetic strategies,
such as improvement of the design, adjustment, and individ-
ualization of the COS protocol, are being explored to improve
COS success [8]. One of the most studied factors has been the
interaction between FSH and its receptor (FSHr) [9, 10]. FSH
has been described as the essential hormone in reproduction,
due to its role in promoting follicle growth and regulating
ovarian function by binding to FSHr. It has been well-
established that accurate FSH-FSHr interaction is essential to
allow correct follicular development and oocyte maturation
[11].

Functional FSHr is a homodimer of a polypeptide of 695
amino acids, expressed in ovarian granulose cells and an-
chored in their membrane [12–14]. This protein consists of
three domains: extracellular, transmembrane, and intracellu-
lar. The intracellular domain is rich in Ser and Thr, potentially
phosphorylatable zones, which appear to serve as anchors for
the cytoplasmic tail of FSHr and, once FSH interacts with
FSHr, to initiate signal transduction of the Estradiol synthesis
pathway.

The monomer polypeptide belongs to the protein G
group and is encoded by a gene localized in chromosome
2p21 in humans (NCBI database), consisting of 10 exons.
Most of the extracellular domain is encoded by 1–9 exons
ranging from 69–251 bp each. The last C-terminal part of
the extracellular domain, the transmembrane domain, and
the intracellular domain are encoded by the exon 10 (1234
bp) [10], in which five (out of approximately 2000) single
nucleotide polymorphisms (SNPs) are localized in the
FSHr [15]. Two of these SNPs of cDNA, localized in exon
10, have been repeatedly studied in relation to fertility
problems in women: FSHr SNP (rs6165) (variant ID 2-
49191041-C-T) characterized by a nucleotide change
c.919G>A, resulting in amino acid change from Ala to
Thr (p.A307T) and the other, FSHr SNP (rs6166)
(Variant ID 2-49189921-C-T) characterized by nucleotide
substitution A for G at position 2039 (c.2039A>G), deter-
mining an Asn to Ser change at position 680 of the amino
acid chain (p.N680S) (Web Resources).

Several authors have reported that some genotypes of
Ala307Thr and Asn680Ser polymorphisms of FSHr are asso-
ciated to good or poor response to COS treatment [16–18].
Despite this, an association between the different genotypes of
these polymorphisms and infertility has not been documented
[14], nor statistical differences achieved in Basal FSH,

Luteinizing Hormone (LH) and Estradiol between patients
and controls [19], or in different physiological parameters as
preovulatory follicles (PF), recruited oocytes (RO) or fertil-
ized oocytes (FO) [20].

Some authors have reported correlation between Ser680Ser
[21–25] or Ala307Ala [18] genotypes and poor COS out-
come, while others correlated them with higher Basal FSH
[26]. This last parameter is considered an indicator of dimin-
ished efficiency of FSHr, since patients with both genotypes,
together or separately, induce a poor response to exogenous
FSH during COS treatment [27].

Other interesting retrospective works, that enrolled patients
of different ethnicities and studied COS ovarian response and
ovarian reserve, exist; however, their results are inconclusive.
This was in part due to standardization of a concrete strategy
based on the type of ovarian reserve at the beginning of stim-
ulation [19, 28, 29].

Considering previous investigations, this study focused on
study two well-characterized FSHr polymorphisms,
Ala307Thr and Asn680Ser [30–34] to determine the influence
of their different genotypes on COS outcome and, overall, on
pregnancy success in order to design, if necessary, particular
COS strategies depending on those genotypes and the ovarian
reserve of the patients.

Subjects and methods

The blood samples of this study have been collected over 10
years, only from the patients who signed the informed consent
and their partners have normal seminogram or non-severe
oligozoospermia or asthenozoospermia, until sample
(n=517) achieved a statistical power ≥ 80%, and we got the
financial grant to carry it out. This has determined that the
study has been extended in time for a decade. Every patient
was attended at the Human Assisted Reproduction Unit at the
Hospital Universitario Príncipe de Asturias of Alcalá de
Henares, Madrid (Spain).

All of patients were younger than 35 years (32.15 ± 2.5),
had a personal history of infertility for durations longer than
12 months, normal karyotype, determined by G banding (n =
153) and chromosome painting techniques (n = 364) in exter-
nal laboratories, in both members of the couple and Body
Mass Index (BMI) (weight in kg/(height in m)2) < 30, which
rules out spurious associations.

Subjects were fully informed of the aims of the work
before signing informed consent forms. The study con-
forms to the code of Ethics of the World Medical
Association (Declaration of Helsinki) and was approved
(January 22nd, 2003) by the Committee of Clinical Trials
of the Hospital Universitario Príncipe de Asturias of Alcalá
de Henares, Madrid (Spain).
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Patient treatment

Previously to initiate the COS treatment, when patients were
diagnosed of tubal factor infertility problem, the correspond-
ing treatment was applied to ensure sufficient tubal permeabil-
ity. Patients underwent COS treatment according to the stan-
dard stimulation protocols of the medical reproductive unit
[34–37].Most of the patients were stimulated using antagonist
protocol with 100–300 daily IU of recombinant FSH or hu-
man menopausal gonadotropin (hMG). The initial gonadotro-
pin dose was chosen depending on other IVF cycles previous
response, in case other stimulations had been done. Patients
with history of poor response were stimulated with higher
initial doses, comparing to those with normal COS response.
Naïf patients were stimulated according to ovarian reserve
biomarkers. Total dose of FSH (TD FSH) have depended on
initial dose and length of treatment, 10–12 days in average. An
antagonist of gonadotropin-releasing hormone (GnRH) was
administered when two follicles reached 14 mm. Ovulation
trigger was performed when two follicles almost reached 16
mm, as described in literature [34–37].

Initially, follicular growth and development were evaluated
by transvaginal ultrasound on the fifth or sixth day at the
beginning and on every other day thereafter, until the trigger-
ing day. Ovulation was induced by a single dose of 6500 IU of
recombinant human chorionic gonadotropin (r-hCG). In a
case of moderate or severe hyperstimulation syndrome risk,
triggering was induced using an analogous GnRH bolus.
Oocyte retrieval took place 34–36 h after triggering, as usually
described in protocols [2, 34–37].

In regard the treatment of the semen samples, we used a
concentration gradient (90%, 70%, 50%; Gradient 100 medi-
um, Origio) followed by swim-up in the same medium, to
select the best spermatozoa. In the case of non-severe oligo
or asthenozoospermia, only swim-up was used. In any way,
we make sure that sufficient number of well-formed and pro-
gressive spermatozoa were collected to perform IVF or ICSI
techniques, reducing, in this way, the possible influence of the
male factor of infertility.

Conventional in vitro fertilization (IVF) was performed in
259 women and intracytoplasmatic sperm injection (ICSI) in
258 women, according to standard stimulation protocols [38].
Embryos were scored according to the Spanish Association
for the Study of the Biology of Reproduction (ASEBIR)
guidelines and pregnancy was confirmed by a blood hCG
analysis 14 days after embryo was transferred.

Poor/good responder definition

Patients were classified as poor (<4 oocytes) or good (≥4
oocytes) responders based on the number of oocytes picked
up after COS treatment. These classifications were made

according to the most accepted criterion proposed by different
authors [39–42], although the concept of poor responders is
still a major challenge in assisted reproduction.

DNA extraction

Total DNA was extracted from the blood samples of the pa-
tients. Extraction was performed according to standard proce-
dures by using the method “phenol-chloroform” with some
modifications [43]. Total DNA was recovered, air-dried to
eliminate ethanol and finally resuspended in sterile water.

Genotyping Ala307Thr and Asn680Ser
polymorphisms of the FSHr

The cDNA positions of the polymorphisms Ala307Thr and
Asn680Ser in the FSHr are located at 919 (Variant ID 2-
49191041-C-T) and 2039 (Variant ID 2-49189921-C-T), re-
spectively. For determining Ala307Thr polymorphism geno-
types, we used nested polymerase chain reaction (PCR). We
first amplified a 409-bp fragment in exon 10 by PCR-1 using
two specific primers: primer-1 forward 5´-TCTGAGCT
TCATCCAATTTG-3´; and primer-1 reverse of a new design
5´-CAACTGATGCAATGAGCAG-3´ according to [28]. The
PCR product was then amplified by nested PCR of 364 bp
with primers proposed by Sudo et al. [44], primer-2 forward
5´-CAAATCTATTTTAAGGCAAGAAGTTGATTATA
TGCCTCAG-3´, which included a mismatch nucleotide (bold
and underlined) to introduce a Bsu36I restriction site for re-
striction fragment length polymorphism (RFLP) analysis and
the primer-2 reverse 5´-GTAGATTCCAATGCAGAGAT
CA-3´. The cycling conditions were as follows: initial dena-
turation at 95°C for 2 min, followed by 40 cycles of 95°C for 1
min, annealing at 58°C for 50 s then elongation at 72°C for 30
s, and a final elongation step at 72°C for 10 min in both, first
and nested, PCR. The PCR fragment following Bsu36I diges-
tion (37°C, overnight) and agarose (3.0%) gel electrophoresis
with ethidium bromide staining reveals three different pat-
terns. The presence of 328/36-bp fragments corresponded to
Ala/Ala, 364/328/36 to Ala/Thr and 364 to Thr/Thr genotypes
(Supplementary Table 1).

For determining Asn680Ser polymorphism genotypes, we
amplified a region of 687 bp in exon 10 using the following
primer pair designed by Primer 3 Plus program: forward 5´-
CATGGATATTGACAGCCCTT-3´ and reverse 5´-
GGAATTAATAGTTCCTGACC-3´. The cycling conditions
were as follows: initial denaturation at 94°C for 5 min, follow-
ed by 35 cycles at 94°C for 90 s, annealing at 58°C for 1 min
then at 72°C for 2 min, and a final elongation step at 72°C for
5 min. The PCR fragment following BsrI digestion (65°C,
overnight) and agarose (3.0%) gel electrophoresis with
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ethidium bromide staining reveal three different patterns. The
presence of 500/187-bp fragments corresponds to Ser/Ser;
687/500/187 to Asn/Ser; and 687 to Asn/Asn genotypes
(Supplementary Table 1).

As previously mentioned, this is a study based on samples
collected and analyzed over more than a decade. This fact has
determined that all samples have been genotyped using the
RFLP technique, regardless of the time of collection, to main-
tain uniformity. Unfortunately, at this moment, we do not
have DNA to check, by sequencing, the genotyping per-
formed by RFLP.

Statistical analysis

The statistical power and effect size of the study was deter-
mined with Epidat 3.1 (Web resources).

The allele frequencies, Inheritance Model analysis accord-
ing to [45], the Permutation Test and Odds rate were carried
out with the R package, version 2.0-2. Software: R Core Team
(2020) (Web resources).

Results were expressed as mean ± standard deviation (SD).
We checked normal distribution of parameters by the
Kolmogorov-Smirnov (K-S) test. Since normality was ob-
served (P > 0.05) in all of them, the Student’s t-test and χ2-
independence test were applied. Statistical analysis was car-
ried out with the statistical package StatView 5.0 for
Macintosh (SAS, USA). A P value < 0.05 was considered
statistically significant.

Results

The statistical power of the study

Considering that the two main objectives of the present work
have been to determine the influence of the Ala307Thr and
Asn680Ser FSHr polymorphisms on the COS response and
on pregnancy success, we calculated the statistical power of
the study between Ala307Thr polymorphism and both, Poor/
Good responder (96%) and Pregnancy/Non-Pregnancy
(94.8%); as well as between Asn680Ser polymorphism and
both, Poor/Good responder (71.5%) and Pregnancy/Non-
Pregnancy (94%), obtaining a mean statistical power of the
sample ≥ 80%, as required.

Analysis of physiological parameters in pregnancy
and non-pregnancy groups

Patients were divided into Pregnancy (n=193) and Non-
Pregnancy (n=324) groups. The normal distribution of the
recruited population was initially analyzed by clinical and
biological characteristics of both groups and infertility

etiology factors (Table 1). The Pregnancy group required a
lower TD FSH (IU) (P = 0.02) in COS treatment and showed
a higher level of Estradiol than the Non-Pregnancy group (P =
0.02) on the trigger day (Fig. 1). In addition, when we per-
formed a Student’s t-test of Basal FSH, Preovulatory Follicles
(PF), Recruited Oocytes (RO), Fertilized Oocytes (FO), and
Embryos (E) in both groups, the Pregnancy group showed a
statistically significant higher number of PF (P = 0.007), RO
(P = 0.04), FO (P = 0.0003), and E (P <0.0001) than the Non-
Pregnancy group, but Basal FSH showed non-significant dif-
ference (Fig. 2).

Alleles and genotypes frequencies of 307 and 680
FSHr polymorphisms

The allele and genotype frequencies of these polymorphisms
were calculated both, in whole population and in Pregnancy
and Non-Pregnancy groups (Table 2). The results showed
that, in whole population, these frequencies were similar as
those described in other Caucasian populations [5, 46], which
rules out any bias of our population. However, frequencies in
Pregnancy and Non-Pregnancy groups differed between them
in both polymorphisms. Interestingly, the probability of Non-
Pregnancy in patients harboring Ala307Ala or Ser680Ser ge-
notypes was twice than Non-Ala307Ala or Non- Ser680Ser,
Odds Ratio (OR) = 2.0 and OR = 2.11, respectively.

Determination of the best inheritance model of 307
and 680 FSHr polymorphisms for parameters of COS
outcome

After reviewing the bibliography about the polymorphisms
under study, we considered that it was necessary to check
the inheritance model (recessive, codominant or dominant

Table 1 Characteristics of studied population

All Patients Pregnancy Non-
Pregnancy

n = 517 n = 193 n = 324

a Characteristic of women presented as mean ± SD value

Age 32.15 ± 2.5 32.1 ± 2.1 32.2 ± 2.6

FSH basal (IU/mL) 7.4 ± 2.1 7.5 ± 2.1 7.3 ± 2.2

AFC* 9.9 ± 5.6 10.2 ± 5.1 9.8 ± 5.8

b Infertility etiology of couples

Male factor** 37% 39% 37%

Unexplained 12% 11% 14%

Tubal Factor 18% 17% 18%

Endometriosis 5% 4% 6%

Poor response 28% 28% 26%

*AFC antral follicle count. **Male factor [non-severe oligozoospermia (n
= 85); non-severe asthenozoospermia (n = 106)
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genotype) that best fits each of parameters of COS outcome.
For this purpose, we carried out the analysis proposed by
Akaike [45], according to which the best inheritance model
would correspond that shows the lowest value of the Akaike’s
Information Criterion (AIC). This AIC is a measure of the
relative quality of a statistical model, for a given set of data
and, as such, provides a means for model selection, but cannot
say anything about the quality of the model in an absolute
sense.

Once we tested the inheritance models, the results showed
that the most accurate varied in the different parameters, being
the recessive model of polymorphism 307 (Ala307Ala vs
Non-Ala307Ala) the most suitable for Basal FSH, PF and
Pregnancy and the dominant one (Thr307Thr vs Non-
Thr307Thr) for RO, FO and E. In a similar way, the recessive

model of polymorphism 680 (Ser680Ser vs Non-Ser680Ser)
was the best fits to Basal FSH, PF, RO and Pregnancy and the
dominant one (Asn680Asn vs Non-Asn680Asn) to FO and E
(Supplementary table 2).

To confirmed these results, we also performed the
Permutation Test with Monte-Carlo simulation, an analysis
of statistical significance for the study of differences between
groups. The distribution of the mean studied was obtained by
calculating the p-value of the mean difference for all possible
rearrangements in no real groups with the same number of
samples that real ones. If the shuffled data sets look like the
real data (P > 0.05), there isn’t difference between real groups.
Otherwise, if they look different from the real data (P < 0.05),
we conclude that real groups are different. Since it involves
calculating all possible situations, it is an exact test. The ap-
plication of this analysis validated results obtained by inheri-
tance model analysis (Supplementary table 3).

For Pregnancy vs Non-Pregnancy, the best model was
Recessive in both 307 and 680 polymorphisms (Ala307Ala
vs Non-Ala307Ala and Ser680Ser vs Non-Ser680Ser)
(Supplementary table 2). The Permutation Test also confirmed
results obtained by inheritance model analysis.

307 and 680 FSHr genotypes and parameters of COS
outcome and pregnancy

Since AIC did not provide a test of a model in the sense of
testing a null hypothesis, we applied the Student’s t-test to
different parameters of COS response in recessive/dominant
model of 307 and 680 polymorphisms. In 307, we found sta-
tistically significant higher Basal FSH in Ala307Ala vs Non-
Ala307Ala, (P = 0.01) and diminished PF (P = 0.05) (Fig.
3A), while dominant model (Thr307Thr vs Non-Thr307Thr)

Fig. 1 TD FSH and Estradiol in Pregnancy (n= 193) and Non-Pregnancy
(n= 324) groups. Student’s t-test analysis: TD FSH (IU) [Pregnancy
(1.684.5 ± 654.8) vs. Non-Pregnancy (1.832.1 ± 705.1); P = 0.02];
Estradiol (pg/mL) [Pregnancy (1.382.9 ± 789.1) vs. Non-Pregnancy
(1.228.1 ± 728.9); P = 0.02]

Fig. 2 Physiological parameters after COS treatment. Pregnancy
(n=193), Non-Pregnancy (n=324). Student’s t-test analysis: Basal FSH
(IU/mL) [Pregnancy (7.3 ± 1.99) vs. Non-Pregnancy (7.4 ± 2.31); P
>0.05]; Preovulatory follicles (PF) [Pregnancy (10.7 ± 5.6) vs. Non-
Pregnancy (9.4 ± 5.6); P = 0.007]; Recruited Oocytes (RO) [Pregnancy

(8.7 ± 4.2) vs. Non-Pregnancy (7.9 ± 4.1); P = 0.04], Fertilized Oocytes
(FO) [Pregnancy (5.8 ± 3.4) vs. Non-Pregnancy (4.8 ± 3.3); P = 0.0003]
and Embryos (E) [Pregnancy (5.4 ± 3.2) vs. Non-Pregnancy (4.3 ± 2.9); P
<0.0001]
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showed significant higher FO, (P = 0.04) and E, (P = 0.01)
(Fig. 3B).

In regarding 680, in recessive model (Ser680Ser vs Non-
Ser680Ser), we found statistically significant higher Basal
FSH, (P = 0.02) and PF (P = 0.05) (Fig. 3C), while for dom-
inant model we found that there was no statistically significant
difference between genotypes in any parameter (Fig. 3D).

χ2-independence test from contingency tables of
different variables

In order to check if Ala307Ala vs Non-Ala307Ala are or nor
independent of Ser680Ser vs Non-Ser680Ser, the χ2-

independence test from contingency tables was performed
(χ2 = 183.081, P <0.0001, 1df), being Ala307Ala and
Ser680Ser genotypes (contribution to χ2= 135.437) those that
significantly appeared together in the same patient (Table 3).

We also analyzed the possible influence of Ala307Ala vs
Non-Ala307Ala, on the one hand, and Ser680Ser vs Non-
Ser680Ser, by the other, on Poor/Good responder, performing
the χ2-independence test (307, χ2 = 5.601, P = 0.01, 1 df. 680,
χ2 = 4.908 P = 0.03, 1 df). The analysis showed that COS
response was not independent of 307 and 680 genotypes,
since Ala307Ala (χ2 contribution = 2.338) and Ser680Ser
(χ2 contribution = 2.169) genotypes were significantly in-
creased in Poor responder (Table 3).

Fig. 3 Analysis of inheritance models of 307 and 680 FSHr
polymorphisms genotypes for Basal FSH (B FSH), Preovulatory
Follicles (PF), Recruited Oocytes (RO), Fertilized Oocytes (FO) and
Embryos (E) when Student’s t-test were applied. A: Recessive model in
307 [Ala/Ala (n= 85); Non-Ala/Ala (n= 432)]: statistically significant
differences have been found in Basal FSH (IU/mL) [Ala/Ala (7.9 ± 2.3)
vs. Non-Ala/Ala (7.3 ± 2.1); P = 0.01] and PF [Ala/Ala (8.8 ± 5.2) vs.
Non-Ala/Ala (10.2 ± 5.7); P = 0.05]. However, non-significant differ-
ences have been found in RO [Ala/Ala (7.4 ± 3.9) vs. Non-Ala/Ala (8.4 ±
4.29) (P > 0.05)]; FO [Ala/Ala (4.7 ± 3.3) vs. Non-Ala/Ala (5.3 ± 3.4) (P
> 0.05)]; nor in E [Ala/Ala (4.2 ± 3.0) vs. Non-Ala/Ala (4.7 ± 3.1) (P >
0.05)]. B: Dominant model in 307 [Thr/Thr (n= 134); Non-Thr/Thr (n=
383)] showed non statistically significant differences in Basal FSH (IU/
mL) [Thr/Thr (7.2 ± 2.0) vs. Non-Thr/Thr (7.4 ± 2.2) (P > 0.05)]; PF [Thr/
Thr (10.7 ± 5.6) vs. Non-Thr/Thr (9.7 ± 5.6) (P > 0.05)] and RO [Thr/Thr
(9.0±4.1) vs. Non-Thr/Thr (9.0±4.2) (P > 0.05)]. However, FO [Thr/Thr
(5.7±3.3) vs. Non-Thr/Thr (5.0±3.4) (P = 0.04)] and E [Thr/Thr (5.1±3.0)

vs. Non-Thr/Thr (4.5±3.1) (P = 0.01)] showed statistically significant
differences. C: Recessive model in 680 [Ser/Ser (n= 60) and Non-Ser/
Ser (n= 457)]. Statistically significant differences have also been found in
Basal FSH (IU/mL) [Ser/Ser (8.0 ± 2.7) vs. Non-Ser/Ser (7.3 ± 2.1); P =
0.02], PF [Ser/Ser (8.6 ±3.9) vs. Non-Ser/Ser (10.1 ± 5.8), P = 0.05].
Nevertheless, no statistically significant differences have been found in
RO [Ser/Ser (7.5 ± 3.5) vs. Non-Ser/Ser (8.3 ± 4.3); P > 0.05]; FO [Ser/
Ser (4.6 ± 2.9) vs. Non-Ser/Ser (5.3 ± 3.4);P > 0.05] nor in E [Ser/Ser (4.1
± 3.1) vs. Non-Ser/Ser (4.7 ± 3.1); P > 0.05]. D: Dominant model in 680
[Asn/Asn (n= 182) and Non-Asn/Asn (n= 335)]. Basal FSH (IU/mL)
[Asn/Asn (7.2 ± 1.9) vs. Non-Asn/Asn (7.5 ± 2.3); P > 0.05]; PF [Asn/
Asn (10.1 ± 5.6) vs. Non-Asn/Asn (9.8 ± 5.7); P > 0.05]; RO [Asn/Asn
(8.7 ± 4.5) vs. Non-Asn/Asn (8.0 ± 4.0); P > 0.05]; FO [Asn/Asn (5.5 ±
3.6) vs. Non-Asn/Asn (5.0 ± 3.3); P > 0.05]; E [Asn/Asn (4.9 ± 3.2) vs.
Non-Asn/Asn (4.6 ± 3.0); P > 0.05], without statistically significant dif-
ferences in all parameters
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Finally, we applied the χ2-independence test to analyze the
influence of Ala307Ala vs Non-Ala307Ala and Ser680Ser vs
Non-Ser680Ser on Pregnancy/Non-Pregnancy. The results
showed that Pregnancy was not independent of the genotypes
of FSHr polymorphisms (307, χ2 = 6.63, P = 0.01, 1 df. 680, χ2

= 8.193, P = 0.004, 1 df) (Table 3). Upon examination of the
contribution of the different genotypes to χ2, we found the
Ala307Ala (χ2 contribution = 3.493) and Ser680Ser (χ2 contri-
bution = 4.581) were underrepresented in the Pregnancy group
and, therefore, responsible for the high χ2 value. In addition,
when both polymorphisms were simultaneously analyzed, we
found a χ2 = 8.881, P = 0.003, 1 df, with a diminished presence
of the Ala307Ala-Ser680Ser in the Pregnancy group (χ2 contri-
bution = 5.087) responsible for the high χ2 value (Table 3).

Discussion

In a first approximation, we checked if our population
responded to COS treatment as other authors reported. The
results confirmed that patients with pregnancy success re-
quired significantly lower TD FSH (P = 0.02) during treat-
ment, showed statistically significant higher Estradiol (P =
0.002), before the triggering day (Fig. 1), and presented better
fertility parameters of COS response (Fig. 2). On the other
hand, we ruled out any bias of the sample due to the homoge-
neity of our population, since patients and their partners fulfill
a series of conditions to be selected.

Since FSHr polymorphisms were first described in 1995
[9], different authors have proposed them as modifiers of
FSH-FSHr binding [13, 47–51]; however, to our knowledge,
non-conclusive results have been reported allowing the use of
FSHr genotypes as predictive biomarkers for a successful
ART outcome. FSHr polymorphisms are well known to show
different genotypic frequencies depending on a patient’s eth-
nic background [29, 52], which suggests that ethnicity is a
potential influencer on the outcomes of conventional COS
treatment [27, 53]. Due to this speculation, we examined the
FSHr genotypes and alleles frequencies of our patients
(Table 2), confirming its similarity to those previously report-
ed in Caucasian population [22, 34, 54].

In the present work, we analyzed the influence of 307 and
680 FSHr polymorphisms on different parameters of ovarian
response in patients undergoing COS treatment in a large and
homogeneous sample of 517 Caucasian patients (Statistical
power of the study ≥80%), a higher population size than other
published works, which reinforces the reliability of our
results.

After determining the adequate inheritance models, we
confirmed that patients harboring Ala307Ala genotype
showed statistically significant higher Basal FSH (P = 0.01)
and lower PF (P = 0.05) (Fig. 3A), both parameters previously
related to poor COS response by other authors [16–18]. In

addition, we found that Thr307Thr genotype showed a statis-
tically significant higher FO and Embryos (Fig. 3B) than Non-
Thr307Th.

Similarly, the most suitable 680 polymorphism inheritance
model was checked for the same parameters (Fig. 3 C, D),
finding that Ser680Ser showed statistically significant higher
Basal FSH (P = 0.02) and a lower PF (P = 0.05) than Non-
Ser680Ser, confirming previous reports [54]. In fact, this last
study shows that increasing levels of FSH in patients seem to
be ineffective in enhancing ovarian response, observing either
a decrease in number of follicles or mature oocytes associated
with these genotypes. Furthermore, these genotypes also as-
sociated to a lower ovarian reserve and Estradiol on the trigger
day [27, 46, 55] which designates them as responsible for
diminished ovarian response capacity [17, 18]. The same re-
sults have been reported in patients of similar age, applying
comparable protocols of ovarian stimulation [28, 56, 57] and
warranting proposal of Asn680Ser polymorphism as a bio-
marker in COS prognosis [57].

However, other publications do not find correlation be-
tween COS response and 307 and 680 FSHr polymorphisms
[58] or between Asn680Ser polymorphism and female infer-
tility [59]. In a small sample of patients (n = 105), Ser680Ser
genotype do not associate with a poor response, but shows
three times higher implantation and pregnancy rates than pa-
tients harboring Asn680Asn genotype [60], which completely
contradicts our results. It has been also reported that infertile
Brazilian women with heterozygous Ala307Thr receptors
showed more mature oocytes and embryos, which contradicts
our study and other previous findings [23]. We consider that
these discrepancies could be explained by different ethnicities,
sample size and/or applied COS protocols. Since multiple
factors modify COS response, the maximum homogeneity
of the samples is essential to compare different works and
reach definitive conclusions.

The results of the present work also confirmed that both
genotypes, Ala307Ala and Ser680Ser, have a statistically sig-
nificant tendency to appear together (P<0.0001), suggesting a
coevolution of these genotypes, as previously proposed [27].
These FSHr variants seem to alter the FSHr expression pattern
on granulosa cells [59, 61], the Estradiol secretion and the
follicle response [62, 63]. We propose that lower frequencies
of Ala307Ala (16%) and Ser680Ser (12%) could suggest a
progressive elimination from population due to the defective
interaction of FSH-FSHr.

Our study also focused on investigating the influence of
these polymorphisms (307/680 FSHr) on pregnancy success.
The findings showed that not only Ser680Ser (P = 0.004), as
reported [18, 46], but also Ala307Ala (P = 0.01) are genetic
variants that negatively influence on getting pregnant. Other
authors, however, have reported that the association of geno-
types Ser680Ser of FSHr and Ser312Ser of LHCGr in patients
have a 40% higher chance of achieving pregnancy [25], which
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apparently opposes precedent works. Despite the large sample
size of this last study, we consider that the number of samples
that harbored both genotypes was too small to draw definitive
conclusions.

From a biochemical point of view, the substitution of one
amino acid for another in both polymorphisms does not seem
to be indifferent: Ala is a small non-polar amino acid with
isoelectric point (pI) 6, while Thr is polar, although un-
charged, larger and pI 5.87 and Ser, polar amino acid, un-
charged, smaller volume and pI 5.68, while Asn, also polar
and uncharged, greater volume, with two amino groups and pI

5.41. Taken together, these little changes suggest that
Ala307Ala and Ser680Ser could determine, together or sepa-
rately, a defective coupling of the FSHr monomers, FSH-
FSHr binding, anchorage in the granulosa cell membrane
and/or signal transduction to cytoplasma, justifying the nega-
tive influence on COS response we have found, by a diminish
synthesis of Estradiol, as observed by [27], result not found in
our study (data not showed). The lower concentration of this
hormone in blood would induce, by negative feedback in the
pituitary gland, higher basal FSH that associates to poor COS
treatment response, as documented by our study and previous

Table 2 Allele and frequencies of 307 and 680 FSHr polymorphisms.

Total patients
n = 517

Pregnancy
n = 193

Non-Pregnancy
n = 324

FSHr gene Polymorphisms Allele Amino acid Allele
frequency

Genotype
(Phenotype)

Distribution Distribution Allele
frequency

Distribution Allele
frequency

Variant ID 2-49191041-C-T rs6165
c.919G>A Ala307Thr

G Ala q ≈ 0.45 GG (Ala/Ala) 85 (≈16%) 21 (≈11%) q ≈ 0.40 64 (≈ 20%) q ≈ 0.48

AG (Thr/Ala) 298 (≈58%) 113 (≈ 59%) 185 (≈ 57%)

A Thr p ≈ 0.55 AA (Thr/Thr) 134 (≈26%) 59 (≈ 31%) p ≈ 0.60 75 (≈ 23%) p ≈ 0.52

Variant ID 2-49189921-C-T rs6166
c.2039A>G Asn680Ser

A Asn p ≈ 0.62 AA Asn/Asn 182 (≈35%) 67 (≈ 35%) q ≈ 0.64 115 (≈ 36%) q ≈ 0.61

AG Asn/Ser 275 (≈53%) 112 (≈ 58%) 163 (≈ 50%)

G Ser q ≈ 0.38 GG Ser/Ser 60 (≈12%) 14 (≈ 7%) p ≈ 0.36 46 (≈ 14%) p ≈ 0.39

A and G correspond to Adenine and Guanine. Sample size n=517

Table 3 Resume of χ2-independence tests of 307 and 680 FSHr genotypes and Poor/Good responder or Pregnancy/Non-pregnancy groups (see the
“Results” section for details)

Variables DF χ2 Contribution
to χ2

P Result

Ala307Ala vs Non-Ala307Ala
vs
Ser680Ser vs Non-Ser680Ser

1 183.081 135.437 <0.0001 Ala307Ala and Ser680Ser genotypes
are not independent

Ala307Ala vs Non-Ala307Ala
vs
Poor/Good responder

1 5.601 2.338 0.01 Ala307Ala associates to Poor responder

Ser680Ser vs Non-Ser680Ser
vs
Poor/Good responder

1 4.908 2.169 0.03 Ser680Ser associates to Poor responder

Ala307Ala vs Non-Ala307Ala
vs
Pregnancy/Non-Pregnancy

1 6.63 3.493 0.01 Ala307Ala is underrepresented in Pregnancy

Ser680Ser vs Non-Ser680Ser
vs
Pregnancy/Non-Pregnancy

1 8.193 4.581 0.004 Ser680Ser is underrepresented in Pregnancy

Ala307Ala and Ser680Ser
association
vs
Pregnancy/Non-Pregnancy

1 8.881 5.087 0.003 Ala307Ala and Ser680Ser were
underrepresented in Pregnancy
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publications [22, 26, 64]. This interpretation seems to be con-
firmed by the low pregnancy rate of these genotypes, sepa-
rately (Ala307Ala, P = 0.01 and Ser680Ser, P = 0.004) or
together (P = 0.003) in our samples. The fact that
Ala307Ala (OR = 2.0) and Ser680Ser (OR = 2.11) double
probability of Non-Pregnancy that its respective Non-
Ala307Ala and Ser680Ser reinforces this interpretation.

This study has limitations that we cannot ignore. Not
checking by sequencing, due to lack of DNA, the genotyping
carried out by RFLP is one of them. On the other hand, it must
be accepted that the studied polymorphisms of FSHr are
among many other factors that undoubtedly influence on
COS outcome. Despite the fact that we selected patients and
their partners with standard parameters of normality or almost
normality, on the oocyte fertilization and in vitro embryo de-
velopment, some other unknown factors, as genetic back-
ground of gametes, could be influencing. In a similar way,
psychological, anatomical, and physiological factors, not an-
alyzed in the present work neither in previous studies, could
also influence on implantation and subsequent embryo devel-
opment in uterus, and perhaps should be considered in future
works. Finally, we cannot forget that the statistical signifi-
cance found in different parameters of COS outcome and in
pregnancy success, in this and other studies, does not always
translate into clinical consequences in particular couples. For
this reason, this study provides conclusions that, together with
those of other researchers, will contribute to a better under-
standing of infertility and its causes, but in no case can we
consider that they have a cause-effect relationship.

On the opposite, the robustness of the study is supported by
the homogeneity and large sample size (517 patients) of the
studied population. Our work not only confirms the negative
influence of Ala307Ala and Ser680Ser variants on the number
of preovulatory oocytes after COS treatment, but it also quan-
tifies, as double, the probability of Non-Pregnancy of these
genotypes comparing with Non-Ala307Ala and Non-
Ser680Ser, respectively. In addition, the fact that, within the
Non-Ala307Ala genotypes, Thr307Thr has showed higher
fertilized oocytes and embryos that Non-Thr307Thr, although
no influence on pregnancy success, is an interesting result that
must be deeper analyzed in further works.

Although new studies must be carried out to confirm our
findings, we consider that the results of the present work pro-
vide strong evidence of the effect that certain genotypes of
both, 307 and 680, polymorphisms could have on the final
result of ART. From our point of view, the routinely determi-
nation of 307/680 FSHr polymorphisms prior to ART could
allow to design ad hoc clinical protocols and provide a more
accurate prognosis of pregnancy, avoiding side effects and
unnecessary delays in getting pregnant. However, we are
aware that genotyping would complicate and make ARTmore
expensive, so we consider that it could at least be performed in
those patients who present an abnormal COS response.

Conclusions

Our study provides a comprehensive relationship between
307 and 680 FSHr polymorphisms genotypes and COS
outcome and pregnancy success. Ala307Ala and
Ser680Ser variants influence negatively on COS outcome.
Both variants associate to higher Basal FSH and lower
Estradiol and PF than Non-Ala307Ala and Non-
Ser680Ser, respectively. Within the Non-Ala307Ala
group, is Thr307Thr that shows higher Fertilized Oocytes
and Embryos than Non-Thr307Thr, but non influence on
pregnancy rate. Patients harboring Ala307Ala or
Ser680Ser variants have a double probability of Non-
Pregnancy than their respective Non-Ala307Ala and Non-
Ser680Ser. Coherently, Ala307Ala and Ser680Ser together
significantly increase Non-Pregnancy probability.
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