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The relevance of the individual screening for genetic variants 
in predicting ovarian response
Belén Lledóa, Joaquín Llácerb, Laura Blancoa, Jose A. Ortiza, Ruth Moralesa,  
Ana Fabregata, Jaime Guerrerob and Rafael Bernabeua,b. 

Objective  To investigate if polymorphisms of some 
genes involved in folliculogenesis predict ovarian 
response.

Methods This prospective randomized study 
includes 124 egg donors genotyped for six SNPs ESR1 
(rs2234693), AMHR2 (rs2002555), GDF-9 (rs10491279 
and rs254286), AMH (rs10407022) and LHCBR (rs229327)  
genes and four STRs in ESR1 rs3138774), SHBG (rs6761), 
CYP19A1 (rs60271534) and AR genes (CAG repeats in 
exon 1). All donors followed standard ovarian stimulation 
protocol using a daily dose of 225 UI. The genotypes 
obtained were compared with the ovarian stimulation 
outcome.

Results Regarding the number of retrieved oocytes, we 
found statistical differences for the ESR1 SNP and STR 
(19.3 ± 8.9 for TT vs 15.3 ± 6.2 for CC/CT, P = 0.027; 19.1 ± 
8.3 for <17repeats vs 14.7 ± 6.2 for >17repeats, P = 0.020). 
Moreover, women carrying TT in the ESR1 at position 
c.-397T>C with ESR1 (TA)n=17 retrieved the highest 
number of oocytes (20.4 ± 9.3) (P = 0.001). Concerning 
AMHR2, we observed an association with the length of 
stimulation (9.1 ± 1.4 d for AA vs 9.7 ± 1.3 d for AG/GG, 

P = 0.021) and gonadotropin received (2050 ± 319 for 
AA vs 2188 ± 299 for AG/GG, P = 0.017). No significant 
differences were observed for the other polymorphisms 
(P > 0.05).

Conclusion The polymorphisms in ESR1 and AMHR2 
genes showed a clear association with the number of 
retrieved oocytes and the stimulation data, respectively. 
Our results suggest that polymorphisms in the genes 
for key reproductive hormones receptors could be used 
to predict the ovarian response and to personalize the 
stimulation prior the treatment. Pharmacogenetics and 
Genomics 29: 216–223 Copyright © 2019 Wolters Kluwer 
Health, Inc. All rights reserved.
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Introduction
Despite the rapid evolution of ART techniques, success 
remains an issue as it is dependent on many factors. One 
of those factors is the number of oocytes obtained after 
controlled ovarian stimulation (COS) [1]. Many different 
factors can influence the response to ovarian stimulation 
and these can be different for each individual. To improve 
IVF success, personalized therapies have been the new 
focus of COS. Pharmacogenetics is the study of how the 
genetic profile of an individual determines the response 
to a pharmacological treatment [2]. The presence of indi-
vidual variability of response to drugs is well known, and 
although many nongenetic factors can have an influence, 
recent research suggests that genetic factors are likely to 
be the main responsible for the variability [2]. The key 
genetic factor is sequence variants, or single nucleotide 
polymorphisms (SNPs), present in relevant genes such as 
those encoding drug targets [3]. Around 19 million SNPs 
have been identified in the human genome, and many 
have already been associated with alteration of drug 
effects. Therefore, the challenge of pharmacogenetics is 

to establish the relation between SNP and drug response 
to develop a diagnostic test that predicts the reaction to 
a drug, improving the treatment and be more cost-effec-
tive optimizing the financial burden [4]. Therefore, phar-
macogenetics in reproductive medicine could be used to 
select the best treatment for ovarian stimulation and to 
obtain the best outcome.

The influence that genetics may have on ovarian response 
to stimulation has been studied in multiple occasions. 
Most of the research has focussed on the receptors of the 
main gonadotropin used in COS: follicle stimulating hor-
mone receptor (FSHR) [5]. Most investigation has been 
focussed on p.N680S in the FSHR gene, revealing an 
association between the polymorphism and the response 
to ovarian stimulation [6]. This variant was the first bio-
marker for ovarian response, initiating the first step into 
a personalized treatment protocol [7]. Despite genotyp-
ing for FSHR is useful, it cannot provide enough predic-
tive information on its own, and therefore, other markers 
should also be taken into consideration. Polymorphisms 
in the oestrogen receptor gene (ESR1) have also been 
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studied, and they have proven to be linked to premature 
ovarian failure. Therefore, they could be used to predict 
ovarian response [8]. The CAG repeat lengths present on 
the human androgen receptor (AR) and their influence 
on ovarian response have also been studied; however, 
these were found to be associated with ovarian reserve, 
but not ovarian response [9]. Further research has also 
focussed on other genes involved in folliculogenesis, such 
as BMP15 [10], GDF-9 [11] and antimullerian hormone 
(AMH) [12]. Despite the evidence of polymorphisms 
findings in these genes being associated with COS, their 
efficacy still needs further evaluation before including 
them in clinical tests [13].

The aim of this study was to evaluate 10 genetic variants 
located on genes involved in the ovarian function and 
their relationship with ovarian stimulation. These vari-
ants are located in the following genes: oestrogen receptor 
1 (ESR1), AMH, AMH receptor 2 (AMHR2), luteinizing 
hormone choriogonadotropin receptor (LHCGR), growth 
differentiation factor-9 (GDF9), sex hormone binding 
globulin (SHBG), oestrogen synthetase or aromatase 
(CYP19A1) and AR.

Methods
Study population
Egg donors are the most adequate model to evaluate 
ovarian stimulation and embryo implantation potential, 
because donors are similarly aged young females with 
standard ovarian function, thus obtaining similar oocyte 
and embryo quality. Selection of donors is performed 
following the clinic’s strict criteria, as well as the legal 
requirements of the Spanish law (Spanish law 14/2006) 
and the European Society of Human Reproduction and 
Embryology and American Society of Reproductive 
Medicine guidelines for oocyte donors. This includes 
performing chromosomal and genetic evaluation, kar-
yotyping, as well as an extensive gynaecological exam-
ination and testing for infectious diseases. In addition to 
this, the clinic also performs an expanded carrier genetic 
screening for severe autosomal recessive and X-linked 
diseases, the gene panel contains 555 genes. Moreover, 
due to the fact that the FSHR variant p.N680S is asso-
ciated with ovarian response [6], donors were genotyped 
for the FSHR variant p.N680S and the result was used 
as a confounder factor when statistical analysis was 
performed.

In this study, we included 124 Caucasian women who 
attended Instituto Bernabeu to undergo oocyte donation. 
Informed consent for collecting peripheral blood to be 
used for molecular analysis was obtained from all women 
participating in the study. The study was approved by the 
Ethical committee (2015-003779-31).

Single nucleotide polymorphism genotyping
DNA from all subjects was extracted from peripheral 
blood lymphocytes and isolated using Wizard DNA 

Purification Kit (Promega, Madison, Wisconsin, USA), 
following the manufacturer’s instructions.

SNP genotyping was determined using the predesigned 
TaqMan allelic discrimination assays on six different var-
iants present in ESR1 (rs2234693), AMHR2 (rs2002555), 
GDF-9 (rs10491279 and rs254286), AMH (rs10407022) 
and LHCBR (rs229327) genes (Life Technologies 
Corporation, Pleasanton, California, USA). The ampli-
fication was performed using StepOne Real-Time PCR 
System from Applied Biosystems (Carlsbad, California, 
USA), following the manufacturer’s instructions. Results 
were analysed using the StepOne Software version 2.2.

STR genotyping
A variety of STRs located in ESR1 (rs3138774), SHBG 
(rs6761), CYP19A (rs60271534) and AR (CAG repeats 
in exon 1) were analysed. Their size was determined 
through PCR amplification using primers flanking 
the polymorphism repeats carrying a 6-FAM modifi-
cation at 5′.

The PCR conditions for the amplifications were differ-
ent between each STR previously published. To amplify 
ESR1 STR, 45 cycles were performed with an initial 
denaturation of 10 minutes at 94°C, followed by denatura-
tion for 30 s at 94°C, annealing for 45 s at 55°C, elongation 
for 1 minute at 72°C and a final extension of 7 minutes at 
72°C [14]. For CYP19A1, 27 cycles were carried out with 
an initial denaturation that lasted 5 minutes at 94°C, fol-
lowed by denaturation for 1 minute at 94°C, annealing for 
1 minute at 58°C, extension for 1 minute at 72°C and a 
final extension of 8 minutes at 72°C [15]. In the case of 
SHBG, 40 cycles were performed, and the initial denatur-
ation lasted 12 minutes at 95°C, followed by denaturation 
for 15 s at 94°C, annealing of 60°C at 15 s, extension of 
30 s at 72°C and a final extension of 12 minutes at 72°C 
[16]. Finally, for AR, 35 cycles were carried out, with ini-
tial denaturation of 5 minutes at 95°C, denaturation for 
45 s at 94°C, annealing for 45 at 55°C, extension for 45 
at 72°C and a final extension of 10 minutes at 72°C [17]. 
PCR was followed by capillary electrophoresis to deter-
mine the size of each product. This was performed using 
SeqStudio Genetic Analyzer from Applied Biosystems 
(Thermo Fisher Scientific).

Ovarian stimulation and oocyte retrieval
A standard ovarian stimulation protocol was followed by 
all women included in the study. To avoid confusion fac-
tors, all donors included in the study receipt the same dose 
of FSH. They were administered a daily dose of 225 UI of 
FSH (Fostipur; Angelini International, Barcelona, Spain 
or Bemfola; FINOX AG, Burgdorf, Switzerland). It is a 
main strength of our study because using the same pro-
tocol avoids any biases and it is of great importance when 
comparing the ovarian response outcome. A GnRh antag-
onist 25 mg of cetrorelix (Cetrotide; Merck-Serono, Paris, 
France) was also administered daily when the leading 
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follicle reached 14 mm. The triggering of the LH surge 
was performed using 0.4 mg of subcutaneous triptore-
lin (Decapeptyl; Ipsen Pharma, Paris, France). Oocyte 
pickup was performed 36 hours later through ultrasound 
guided transvaginal puncture under sedation. The IVF 
procedure, including sperm and oocyte preparation, 
embryo culture and transfer, were conducted by follow-
ing the IVF laboratory guidelines.

Statistical analysis
The genotypes obtained were compared with the ovar-
ian stimulation, with primary end-points being length 
of stimulation, gonadotropin dosage and number of 
retrieved oocytes. For STR repeats length, we consid-
ered the biallelic mean, as previous reports, and a cutoff 
for each STR was calculated according to the median 
[9]. The data were analysed using a statistical package 
for the social science software (version 20.0; SPSS Inc., 
Chicago, Illiniois, USA). The values were given as aver-
ages ± SD, and the main end-points included stimula-
tion length, gonadotropin consumption and number of 
oocytes retrieved from the donors. Categorical values 
were tested using Pearson’s w2-test, while for contin-
uous variables (donor characteristics), an analysis eval-
uating the variations between groups was performed. 
Adjustment for cofounding factors was performed 
for the ovarian stimulation data analysis, using linear 
regression and adjusting for age, smoking, BMI and 
AMH, because these factors are known to alter ovar-
ian response. Genotypes were included in the study as 
dummy variables, and P values were considered signifi-
cant when lower than 0.05.

Results
Clinical characteristics
Clinical and biological characteristics of patients were 
measured, such as the age, tobacco consumption, the 
antral follicle count (AFC), BMI and the blood levels of 
FSH and AMH (Table 1). The mean age of the oocyte 
donors included in the study was 23.9 ± 3.5 years. The 
average BMI was 21.9 ± 2.5 kg/m2. The mean AMH and 
FSH level was 45.44 ± 23.5 pmol/L and 4.7 ± 2.5 mUI/ml, 
respectively, and the mean number of AFC was 14.2 ± 2.8. 
Regarding the ovarian stimulation data, the mean length 
of stimulation was 9.3 ± 1.4 days. The mean number of 
gonadotropins consumed was 2087.3 ± 318.5 IU and the 
average of the number of oocytes retrieved 16.6 ± 7.3.

Single nucleotide polymorphism and STR genotyping
A total of 124 women were genotyped for the SNPs 
located in the ESR1, AMH, AMHR2, LHCGR, GDF9 
genes and STRs in ESR1, SHBG, CYP19A1 and AR 
genes. Regarding to SNPS, the number of women hav-
ing each allele is summarized in Table 2, along with their 
according frequency. Genotype frequencies observed 
during this study followed the Hardy–Weinberg equilib-
rium. Also, our genotype distribution agrees with general 

population data (openSNP database). As for STRs, the 
length of the repeats of each allele was measured for each 
patient, and the biallelic mean was calculated for each 
STRs. A general description of the distribution of bial-
lelic mean on the number of repetition on both alleles 
can be observed in Fig. 1.

Gene polymorphisms and ovarian response
The results obtained from above were compared with the 
ovarian stimulation data of each patient. The length of 
stimulation, the amount of gonadotropin consumed by 
the patient and the number of oocytes that were retrieved 
were taken into consideration for the analysis. As it can 
be observed in Table 3, there is no significant variation 
between genotype groups in their length of stimulation 
nor in the doses of gonadotropins that were consumed, 
nor the number of retrieved oocytes for variants in AMH, 
LHCGR, GDF-9, SHBG, CYP19A1 and AR genes.

Table 1 Main characteristics of study participants and analysed 
parameters

Total n = 124 Average ± SD

Age (y) 23.9 ± 3.5
Smoker (%) 46
AFC 14.2 ± 2.8
BMI (kg/m2) 21.9 ± 2.5
FSH (mUI/ml) 4.7 ± 2.5
AMH (pmol/L) 45.4 ± 23.5
Length of stimulation (days) 9.2 ± 1.4
Gonadotropin consumption (IU) 2087.3 ± 318.5
Number of oocytes retrieved 16.6 ± 7.3

AFC, antral follicle count; AMH, antimullerian hormone; FSH, follicle stimulating 
hormone.

Table 2 Single nucleotide polymorphisms genotype distribution 
among patients

Gene/SNP ID Genotype/allele n Frequency (%)
General population  

Frequency (%)a*

ESR1 rs2234693
 TT 40 32.2 31

TC 58 46.8 49
CC 26 21.0 19

AMH rs10407022
 TT 84 69.4 65

GT 36 29.8 31
GG 1 0.8 3

AMHR2 rs2002555
 AA 91 73.4 70

AG 27 21.8 27
GG 6 4.8 3

LHCGR rs2293275
 GG 57 46.0 37

AG 51 41.1 47
AA 16 12.9 16

GDF-9 rs10491279
 AA 46 37.1 52

AG 57 46.0 34
GG 21 16.9 14

GDF-9 rs254286
 CC 87 70.1 50

CT 33 26.6 47
TT 4 3.3 3

AMH, antimullerian hormone; AMHR2, antimullerian hormone receptor 2; ESR1, 
oestrogen receptor gene 1; GDF9, growth differentiation factor-9; LHCGR, lute-
inizing hormone choriogonadotropin receptor.
aopenSNP database.
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The rs2234693 polymorphism in the ESR1 gene causes a 
c.-397 T>C change and is located upstream of the gene, 
in the promoter region. According to Table 3, there is no 
significant variation between genotype groups in their 
length of stimulation, nor in the doses of gonadotropins 

that were consumed. However, we found statistical dif-
ferences in the number of oocytes retrieved when we 
compared genotypes according to the dominant model 
for the ESR1 SNP. Patients having the TT genotype 
retrieved a higher number of oocytes than the TC and 
CC genotypes (19.3 ± 8.9 for TT vs 15.3 ± 6.2 for CC/CT, 
P = 0.027).

Concerning AMHR2, the variant present in this gene 
that was analysed in this study corresponds to rs2002555, 
a variation causing an A>G change in the promoter 
sequence of the gene (position c.-482). Table  3 shows 
statistical significant differences in the length of stimula-
tion (9.1 + 1.4 for AA vs 9.7 ± 1.3 for AG/GG, P = 0.021) and 
gonadotropin received during stimulation (2050 ± 319 for 
AA vs 2188 ± 299 for AG/GG, P = 0.017) between geno-
types when the results were analysed according to the 
dominant model. Patients having the AG/GG genotype 
required higher units of gonadotropins and more days of 
stimulation than the AA genotypes. However, no signif-
icant differences were seen in the number of retrieved 
oocytes between genotypes.

The microsatellite analysed in ESR1 corresponds to the 
rs3138774 genetic variant, which is a series of TA repe-
titions (TA)n present in the alpha promoter of the gene. 
The biallelic mean was analysed and categorized into two 
groups; the first one including the number of repeats being 
lower than 17 and the second including those being equal 
or higher than 17. The breakpoint chosen was 17 as it was 
observed to be the median. The ovarian stimulation data 
of both groups were compared and no significance differ-
ences were reported in the length of stimulation nor the 
gonadotropins consumption. However, a significant dif-
ference was obtained in the number of retrieved oocytes 
(19.1 ± 8.3 for <17 repeats vs 14.7 ± 6.2 for ≥17 repeats, 
P = 0.020). Patients having the less than 17 (TA)n repeats 
in the ESR1 retrieve a higher number of oocytes than 
patients carrying equal or higher than 17.

Due to the fact that the genotype in the ESR1 SNP 
and STR was associated with the number of retrieved 
oocytes, another analysis was performed which com-
bined data obtained for the ESR1 SNP and STR, to see 
if a particular combination of SNP genotype and STR 
repeat length is associated with a better or worse ovarian 
response to stimulation. As previous findings, no statisti-
cal significance was observed for the length of stimula-
tion nor for the gonadotropins consumed. Nevertheless, 
a statistical significance was obtained for the number of 
oocytes retrieved (Table 4), in which the group having 17 
repeats or more and CC/CT genotype retrieve the least 
number of oocytes (14.05 ± 5.6) comparing with other 
groups (P = 0.001).

Discussion
Oocyte donation is the best model to evaluate the deter-
minants of stimulation and embryo implantation poten-
tial because donors are young women of similar age with 

Table 3 Associations between selected single nucleotide  
polymorphisms and STRs and ovarian response

Gene/SNP ID P value

ESR1 rs2234693 dominant model
 Genotype TT CC/CT  
 n 40 84
 Length of stimulation (days) 9.2 ± 1.4 9.3 ± 1.4 0.801
 Gonadotropin consumption (IU) 2075 ± 312 2093 ± 323 0.743
 Number of retrieved oocytes 19.3 ± 8.9 15.3 ± 6.2 0.027a

AMH rs10407022 dominant model
 Genotype TT GG/GT  
 n 84 37
 Length of stimulation (days) 9.5 ± 1.4 9.0 ± 1.4 0.107
 Gonadotropin consumption (IU) 2122 ± 324 2025 ± 305 0.122
 Number of retrieved oocytes 16.8 ± 7.3 15.8 ± 7.7 0.269
AMHR2 rs2002555 dominant model
 Genotype AA AG/GG  
 n 91 33
 Length of stimulation (days) 9.1 ± 1.4 9.7 ± 1.3 0.021a

 Gonadotropin consumption  
(IU)

2051 ± 319 2189 ± 299 0.017a

 Number of retrieved oocytes 16.7 ± 7.7 16.6 ± 6.4 0.825
LHCGR rs2293275 dominant model
 Genotype GG AG/GG  
 n 57 67  
 Length of stimulation (days) 9.4 ± 1.4 9.2 ± 1.5 0.663
 Gonadotropin consumption (IU) 2100±308 2076 ± 329 0.684
 Number of retrieved oocytes 16.5 ± 7.5 16.6 ± 7.3 0.930
GDF-9 rs10491279 recessive model    
 Genotype AA/AG GG  
 n 103 33
 Length of stimulation (days) 9.4 ± 1.4 9.0 ± 1.4 0.769
 Gonadotropin consumption (IU) 2102 ± 320 2014 ± 306 0.800
 Number of retrieved oocytes 16.0 ± 6.5 19.3 ± 10.5 0.459
GDF-9 rs254286 dominant model
 Genotype CC CT/TT  
 n 87 37
 Length of stimulation (days) 9.4 ± 1.4 9.1 ± 1.4 0.286
 Gonadotropin consumption (IU) 2106 ± 323 2043 ± 306 0.317
 Number of retrieved oocytes 16.7 ± 7.5 15.7 ± 6.8 0.379
ESR1 rs3138774
 Genotype <17 ≥17  
 n 49 33
 Length of stimulation (days) 9.1 ± 1.5 9.0 ± 1.4 0.410
 Gonadotropin consumption (IU) 2042 ± 328 2125 ± 317 0.445
 Number of retrieved oocytes 19.1 ± 8.3 14.7 ± 6.2 0.020a

SHBG rs6761
 Genotype <7 ≥7  
 n 66 58
 Length of stimulation (days) 9.1 ± 1.5 9.5 ± 1.3 0.171
 Gonadotropin consumption (IU) 2043 ± 335 2138 ± 293 0.148
 Number of retrieved oocytes 16.7 ± 7.5 16.5 ± 7.3 0.976
CYP19A1
 Genotype <9 ≥9  
 n 109 13  
 Length of stimulation (days) 9.3 ± 1.5 9.1 ± 1.0 0.547
 Gonadotropin consumption (IU) 2096 ± 329 2042 ± 233 0.570
 Number of retrieved oocytes 16.5 ± 7.5 16.3 ± 6.8 0.928
AR
 Genotype <24 ≥24  
 n 46 72
 Length of stimulation (days) 9.5 ± 1.2 9.2 ± 1.6 0.401
 Gonadotropin consumption (IU) 2128 ± 280 2070 ± 349 0.613
 Number of retrieved oocytes 15.3 ± 5.2 17.5 ± 8.4 0.261

AMH, antimullerian hormone; AMHR2, antimullerian hormone receptor 2; AR, 
androgen receptor; CYP19A1, oestrogen synthetase or aromatase; ESR1, oes-
trogen receptor gene 1; GDF9, growth differentiation factor-9; LHCGR, luteiniz-
ing hormone choriogonadotropin receptor; SHBG, sex hormone binding globulin; 
SNP, single nucleotide polymorphism.
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normal ovarian function. The aim of this research was 
analysing a population consisting of 124 oocyte donors 
and observing whether a particular genetic profile has 
an influence on how they respond to an ovarian stimu-
lation protocol. Through the analysis of several variants 
present in genes that are known to be involved in the 
ovarian cycle, and comparing those to the ovarian stim-
ulation data, our data suggest that the polymorphisms in 
the ESR1 and AMHR2 genes showed a clear association 
with the number of retrieved oocytes and the stimula-
tion data, respectively, in young normoovulatory patients. 
Furthermore, in our study, we used the same daily doses 
in all the cycles. The use of fixed dose protocols is of 
huge importance when you want to compare the ovar-
ian response. The prior results regardless of the gene 
polymorphisms studied in our research and their rela-
tionship with ovarian stimulation are still controversial. 
This might be due to the heterogeneity of the studied 
population regarding the ovarian reserve and the varied 
exposures including different doses for COS. To the best 
of our knowledge, these data show for the first time the 
relationship between the polymorphisms in the ESR1 
and AMHR2 genes and ovarian reserve stimulation using 
a nonconfounding model of oocyte donation. Therefore, 
the main strength of our study is that exactly the same 
dose and stimulation protocol were used so biases are 
avoided due to the use of different protocols and a normal 
ovarian reserve homogeneous population was selected; 
hence, biases are avoided due to heterogeneity of the 
studied population. Last, due to the fact that FSHR poly-
morphism is clearly related with ovarian response, donors 
were genotyped and the result included in the statisti-
cal analysis as a confounding factor so biases due to the 
effect of FSHR polymorphism was avoided.

An inadequate response to stimulation could affect the 
success of an IVF cycle. To improve the chances of suc-
cessful outcome, the treatment should be tailored to the 
patient’s characteristics. There are several factors that can 
predict ovarian response. Ovarian reserve is probably the 
most important factor in determining success rates after 
IVF [18]. The search for optimal biomarkers is ongoing 
for an accurate prognosis of the ovarian response to exog-
enous gonadotropins [19]. It has recently become evident 
that genetic factors could explain the differences among 
individuals in terms of response to drugs. This significant 
variability in ovarian response has been the focus of many 
pharmacogenetics studies, which have analysed the 

relationship between selected SNPs in candidates genes 
involved in the ovarian response to exogenous FSH [20]. 
Among them, the polymorphism N680S in the FSHR 
gene is the most studied variant and a clear evidence 
of their effect in the ovarian response was shown [21]. 
Accordingly, further studies in candidate genes should 
include the FSHR genotype to avoid any confounding 
consequence due to its effect. Hormonal receptor and 
biochemical pathway genes involved in folliculogenesis 
are candidate genes to pharmacogenetic approach. Our 
study included six different SNPs, which are located on 
five genes; ESR1, AMHR, AMHR2, LHCBR and GDF-9. 
Another objective was to identify the repeat length of 
four microsatellite regions present in four genes; ESR1, 
SHBG, CYP19A1 and AR.

The ESR1 gene encodes a transcription factor which is 
activated by the binding of its ligand, oestrogen. This 
gene as well as its ligand play an essential role in folli-
culogenesis by boosting FSH activity. A variety of SNPs 
have been located on the gene, most of them altering the 
number of follicles and mature oocytes produced [22]. 
The (TA)n repeat has also been studied, and was found 
to be associated with ovarian stimulation outcome [23]. 
The SNP variation rs2234693 in ESR1 causes a c.-397 
T>C change upstream of the gene. It has been demon-
strated that this variation forms part of a functional bind-
ing site for the B-myb transcription factor and it acts as an 
intragenic enhancer [24]. In the case of this SNP with the 
ovarian stimulation, the length and the amount of gonad-
otropins consumed were similar between the three gen-
otypes. Therefore, the genotype does not seem to have 
an influence on how long women require to be stimu-
lated nor on the amount of gonadotropins they consume, 
against the previous study showing TT genotypes were 
associated with a longer induction period and higher 
doses of medication [25]. In contrast, for the number of 
oocytes retrieved where patients carrying TT retrieved 
more oocytes than those carrying CT or CC, indicating 
that this genotype has an influence on the number of 
oocyte that women retrieve. A study performed on 109 
IVF women found that women carrying the C allele pre-
sented the worst profile of ovarian stimulation [22]. A fur-
ther study evaluating the IVF outcome was performed 
by Anagnostou et al. [22] in 2013 including 203 women 
reported that C allele was associated with worst quality 
embryos and smaller oestradiol levels on the Human cho-
rionic gonadotropin day. Recently, a research in infertility 

Table 4 Associations between oestrogen receptor gene single nucleotide polymorphism s and STRs and ovarian response

Genotype <17+CC/CT <17+TT ≥17+CC/CT ≥17+TT

P valueN 19 30 67 7

Length of stimulation (days) 8.8 ± 1.4 9.3 ± 1.5 9.5 ± 1.4 9.3 ± 1.3 0.328
Gonadotropin consumption (IU) 1974 ± 314 2085 ± 334 2129 ± 322 2089 ± 385 0.333
Number of retrieved oocytes 19.1 ± 6.8 19.1 ± 6.8 14.1 ± 5.6 20.4 ± 9.3 0.001a

Linear regression performed for statistical analysis with the cofounding factors being age, smoking, BMI and AMH.
AMH, antimullerian hormone.



Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Genetic variants and ovarian response Lledo et al. 221

patients revealed that C allele is more frequent in patients 
classified as poor responders [20]. Controversially, a prior 
study by de Castro et al. [26], presented a multilocus 
analysis, T allele was better represented in poor respond-
ers. In addition, another study performed on 136 infer-
tile women demonstrated an association between the 
amount of medication required for COS and this SNP 
polymorphism, in which patients carrying TT required 
higher doses of FSH [26]. The discrepancy on the results 
among different studies may be due to a variety of fac-
tors. The studied population is different, because most 
studies include infertile women or poor responders. Also, 
the type and amount of gonadotropins administered also 
differ among studies, and this is an important factor that 
may lead to different stimulation responses. The sample 
size is another limitation and including more patients for 
the studies would provide more reliable results. Using a 
very large sample group with women having the same 
characteristics and following the exact same stimulation 
protocol would be ideal to obtain reliable results, but 
unfortunately this is technically challenging. Finally, we 
cannot discard other important genes involved in ovar-
ian response as FSHR could explain the disagreement 
between studies.

For the ESR1 microsatellite repeat, the values were cate-
gorized into two groups; the first including patients with 
less than 17 repeats, and the second including those with 
17 repeats or more. When comparing this data to the ovar-
ian stimulation data, patients having less than 17 repeats 
retrieved more oocytes but does not have any effect on 
the length of stimulation nor the amount of gonadotropins 
consumed. A previous study showed that the ESR1(TA)
n biallelic mean was positive correlated with the num-
ber of follicles matured, as well as the oocytes obtained 
[23]. Previous studies analysing this polymorphism found 
that unexplained infertility seemed to be associated 
with shorter repeats, as the biallelic mean obtained for 
the infertility group was smaller than the reference [27]. 
Following this assumption, we would expect the combi-
nation of more repeats and CC/CT genotype (≥17+CC/
CT) to retrieve the most oocytes. According to our data, 
the allele combination of ≥17+CC/CT was observed to 
be the most disadvantegous combination. Recently, a 
study including 150 women is also consistent with the 
findings of our study showing that shorter ESR1 (TA)n 
microsatellite repeat polymorphism has been reported to 
be associated with an improved ovarian response to FSH 
and with successful IVF outcome [28].

Two SNPs were analysed regarding the AMH, one present 
in the AMH gene and one on its receptor (AMHR2). The 
AMH is a transforming growth factor β involved in tissue 
growth and female differentiation during embryonic stages. 
It also hampers follicle depletion by inhibiting follicles from 
transitioning. In the case of the AMH gene SNP, the poly-
morphism analysed causes T>G change in the sequence, 
leading to a change in the amino acid sequence (p.I49S), no 

association was observed between genotypes and length of 
stimulation, gonadotropins used nor the number of oocytes 
retrieved. AMH is known to interact with two receptors, 
AMHR1 and AMHR2, inhibiting the recruitment of pri-
mordial follicles to grow follicles, therefore leading to less 
follicles. AMHR2 is a serine/threoinine kinase receptor 
playing an essential role in sex differentiation. An SNP in 
the AMH receptors might therefore lead to a less bioactive 
complex, resulting in the recruitment of more follicles. 
The variant present in AMHR2 that was analysed in this 
study corresponds to a variation causing an A>G change 
in the promoter sequence of the gene (position c.-482). 
Our data showed that the AG and GG genotype seemed 
to require a longer length of stimulation and more gonad-
otropins, and therefore, these two were compared with the 
AA genotype. These results demonstrate that carrying the 
AA genotype may be beneficial in COS as these patients 
require a shorter length of stimulation as well as less gon-
adotropins. Karagiorga et al. [29] evaluated the same vari-
ant and observed that carriers of the G allele in AMHR2 
had a lower number of follicles, and similar results were 
obtained by Yoshida et al. [12] and Peluso et al. [30], where 
women carrying the G allele retrieved less oocytes. This 
is in accordance with our findings and is believed to be 
caused by the abnormal functioning of the protein due to 
the SNP, impeding AMH performance and resulting in less 
follicles [29]. These results therefore indicate that AMH 
and AMHR2 SNP genotypes may have an effect on COS 
outcome through changes in the AMH signalling pathway, 
resulting in more follicle recruitment. However, further 
investigation on this signalling pathway as well as a more 
extensive analysis of these SNPs should be performed.

In addition to ESR1 and AMHR2 genes SNPs, we eval-
uated the effect of the following variants in the ovarian 
response. For the GDF-9 gene, two different SNPs were 
analysed. The first one corresponds to rs10491279, an 
SNP causing a change in one of the base pairs at position 
546 (c.546G>A). The codon involved in this SNP is GAG, 
leading to GAA and coding for glutamine. Despite the 
change in the base pair, the amino acid is not affected 
and therefore the protein remains unchanged. The sec-
ond SNP analysed that was present in the GDF-9 gene 
was rs254286, accounting for a change in the sequence at 
position 447 (c.447C>T). This base pair change is present 
in the coding region; however, it does not cause an amino 
acid change due to the redundancy of the genetic code. 
Therefore, the amino acid remains threonine. GDF-9 is 
part of the transforming growth factor beta superfam-
ily and plays an essential role in folliculogenesis, pro-
moting oocyte maturation and embryo development. 
Polymorphisms in this gene have been associated with 
poor ovarian stimulation outcome [31,32]. In our study, 
no significant difference was observed between different 
genotypes in the length of stimulation nor in the gon-
adotropins consumed neither the number of retrieved 
oocytes. Discrepancy between results may be due to the 
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studied population, because our study was conducted on 
donor eggs while their study was performed on infertile 
women undergoing IVF treatment thus a heterogeneous 
population.

LHCGR cell surface is the receptor for two different 
hormones; luteinizing hormone and chorionic gonadotro-
pin. Consequently, this gene is involved in the matura-
tion of follicles. Regarding the LHCBR gene, one of the 
most common SNPs present on this gene was analysed 
and corresponds to rs2293275, a variant leading to an 
amino acid change at position 312; serine to asparagine 
(p.S312R). Our results showed no association between 
genotypes and ovarian response. This suggests that var-
iation in this SNP does not have any influence on COS 
outcome. This is in accordance with previous research 
studies in which no difference in the number of follicles 
or retrieved oocytes was observed among genotypes [21].

Besides ESR1 gene, microsatellite repeats were analysed 
to the next genes. The genetic variant analysed in the 
SHBG is rs6761, which is a (TAAAA)n microsatellite 
repeat. The SHBG gene encodes a glycoprotein whose 
function is to bind to androgens (oestradiol and testos-
terone), therefore regulating the concentration of active 
androgens in serum. The pentanucleotide (TAAAA)n 
repeat polymorphism has been reported to modify the 
transcriptional activity of the gene, causing increase/
decrease in levels of SHBG, which result in changes in 
the levels of free androgen in serum [33]. Our results 
showed no association between genotypes and ovarian 
response factors. In previous studies, it was observed that 
women carrying longer repeats had an increased number 
of follicles and oocytes [34]. Discrepancy between results 
may be due to the difference in the type of the popu-
lation and analysis performed. Further research should 
be performed to confirm these findings and obtain more 
reliable results. The microsatellite analysed in CYP19A1 
corresponds to rs60271534, variant containing (TTTA)
n repeats. CYP19A1 gene encodes the cytochrome P450 
aromatase, which is an enzyme involved in the conver-
sion of androgens to oestrogens. Malfunction of this pro-
tein causes increased androgen levels which can result in 
polycystic ovary syndrome. The most commonly studied 
variant is an intronic tetranucleotide repeat (TTTA)n 
[35]. This gene encodes the cytochrome P450 aromatase, 
which is an enzyme involved in the production of oes-
trogens and androgens. Previous studies found that car-
riers of the shorter allele of this polymorphism had lower 
FSH sensitivity, fewer antral follicles, as well as a reduced 
size [36,37], suggesting the shorter allele to be associated 
with poor response to stimulation. This, however, has not 
been reflected on our data, just as for SHBG, no signif-
icant results were obtained for any of the ovarian stim-
ulation factors, suggesting that the length of this repeat 
does not have a role on COS outcome. Moreover, at SNPs 
level, variants in the CYP19A1 did not affect the number 

of oocytes recovered nor their maturation level, suggest-
ing that other pathways may contribute to the formation 
of the final oestradiol metabolite as well as its impact on 
the oocyte maturation [38]. Therefore, further research 
should be performed using a bigger sample population, 
different variants as well as a population of women with 
the same characteristics.

Finally, a highly polymorphic CAG repeat found in 
exon 1 and coding for glutamine was analysed in the AR 
gene. The AR mediates the action of androgens and is 
expressed in a variety of tissues, playing an essential role 
in the development of the sexual differentiation amongst 
others. A (CAG)n repeat expansion encoding a polyglu-
tamine region has been studied, resulting in a downreg-
ulation of androgen-regulated genes due to changes in 
the transactivational activity [39]. When comparing the 
number of repeats to the ovarian stimulation data, no sig-
nificance was obtained suggesting that there is no correla-
tion. Several studies have been performed analysing this 
variant and its effect on ovarian stimulation; however, no 
relationship was obtained. In contrast, the length of the 
polymorphism has been suggested to be associated with 
poor responders. These individuals tend to carry longer 
repeats (more than 22) than the general population [40].

In conclusion in this research, genetic variants located 
on the genes presented showed a clear relationship with 
ovarian stimulation, modulating the ovarian response to 
gonadotropin stimulation. The polymorphisms in the 
ESR1 and AMHR2 genes showed a clear association 
with the number of retrieved oocytes and the stimula-
tion data, respectively. This study has provided relevant 
information regarding SNP genotypes and their relation-
ship with ovarian stimulation because the most important 
confounding factors as the same dose and stimulation 
protocol, FSHR genotype and profile population were 
controlled. Besides, our study has some limitations; a pro-
spective randomize trail with a higher sample size should 
be used in future studies to corroborate the current find-
ings and to demonstrate the benefit of the genotyping to 
improve the COH. In addition, research into the contri-
bution of the effect of the polymorphism in the follicu-
logenesis will be of a great interest.

Our results suggest that polymorphisms in the genes for 
key reproductive hormones receptors on a combination 
of the patient’s clinical characteristics, functional and 
hormonal biomarkers could be used to predict the ovar-
ian response, to personalize and adjust the stimulation 
drugs prior the overtaken treatment, to improve efficacy 
and patient compliance to COS to decrease adverse drug 
reactions; and, last, to reduce the time to pregnancy [41].

Acknowledgements
Conflicts of interest
There are no conflicts of interest.



Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Genetic variants and ovarian response Lledo et al. 223

References
1 Vaughan DA, Leung A, Resetkova N, Ruthazer R, Penzias AS, Sakkas D, 

Alper MM (2017). How many oocytes are optimal to achieve multiple live 
births with one stimulation cycle? The one-and-done approach. Fertil Steril 
107:397–404.e3.

2 Katara P (2014). Single nucleotide polymorphism and its dynamics for 
pharmacogenomics. Interdiscip Sci 6:85–92.

3 Lledo B, Ortiz JA, Llacer J, Bernabeu R (2014). Pharmacogenetics of 
ovarian response. Pharmacogenomics 15:885–893.

4 Loutradis D, Vlismas A, Drakakis P, Antsaklis A (2008). Pharmacogenetics 
in ovarian stimulation–current concepts. Ann N Y Acad Sci 1127:10–19.

5 Santi D, Casarini L, Alviggi C, Simoni M (2017). Efficacy of follicle-
stimulating hormone (FSH) alone, FSH + luteinizing hormone, human 
menopausal gonadotropin or FSH + human chorionic gonadotropin on 
assisted reproductive technology outcomes in the ‘personalized’ medicine 
era: a meta-analysis. Front Endocrinol (Lausanne) 8:114.

6 Lledo B, Guerrero J, Turienzo A, Ortiz JA, Morales R, Ten J, et al. (2013). 
Effect of follicle-stimulating hormone receptor N680S polymorphism on 
the efficacy of follicle-stimulating hormone stimulation on donor ovarian 
response. Pharmacogenet Genomics 23:262–268.

7 Perez Mayorga M, Gromoll J, Behre HM, Gassner C, Nieschlag E, Simoni M 
(2000). Ovarian response to follicle-stimulating hormone (FSH) stimulation 
depends on the FSH receptor genotype. J Clin Endocrinol Metab 
85:3365–3369.

8 He M, Shu J, Huang X, Tang H (2015). Association between estrogen 
receptora gene (ESR1) pvuii (T/C) and xbai (A/G) polymorphisms and 
premature ovarian failure risk: evidence from a meta-analysis. J Assist 
Reprod Genet 32:297–304.

9 Lledó B, Llácer J, Turienzo A, Ortiz JA, Guerrero J, Morales R, et al. (2014). 
Androgen receptor CAG repeat length is associated with ovarian reserve 
but not with ovarian response. Reprod Biomed Online 29:509–515.

10 Hanevik HI, Hilmarsen HT, Skjelbred CF, Tanbo T, Kahn JA (2011). A single 
nucleotide polymorphism in BMP15 is associated with high response to 
ovarian stimulation. Reprod Biomed Online 23:97–104.

11 Wang TT, Wu YT, Dong MY, Sheng JZ, Leung PC, Huang HF (2010). 
G546A polymorphism of growth differentiation factor-9 contributes to the 
poor outcome of ovarian stimulation in women with diminished ovarian 
reserve. Fertil Steril 94:2490–2492.

12 Yoshida Y, Yamashita Y, Saito N, Ono Y, Yamamoto H, Nakamura Y, et 
al. (2014). Analyzing the possible involvement of anti-müllerian hormone 
and anti-müllerian hormone receptor II single nucleotide polymorphism in 
infertility. J Assist Reprod Genet 31:163–168.

13 Kalinderi K, Asimakopoulos B, Nikolettos N, Manolopoulos VG (2018). 
Pharmacogenomics in IVF: a new era in the concept of personalized 
medicine. Reprod Sci 1:1933719118765970.

14 Guarducci E, Nuti F, Becherini L, Rotondi M, Balercia G, Forti G, Krausz C. 
(2006). Estrogen receptor alpha promoter polymorphism: stronger estrogen 
action is coupled with lower sperm count. Hum Reprod 21:994–1001.

15 Rumianowski B, Adler G, Safranow K, Brodowska A, Karakiewicz B, 
Słuczanowska-Głąbowska S, et al. (2012). CYP17 and CYP19 genetic 
variants are not associated with age at natural menopause in polish women. 
Reprod Biol 12:368–373.

16 Thompson DJ, Healey CS, Baynes C, Kalmyrzaev B, Ahmed S, Dowsett M, 
et al.; Studies in Epidemiology and Risks of Cancer Heredity Team (2008). 
Identification of common variants in the SHBG gene affecting sex hormone-
binding globulin levels and breast cancer risk in postmenopausal women. 
Cancer Epidemiol Biomarkers Prev 17:3490–3498.

17 Cram DS, Song B, McLachlan RI, Trounson AO (2000). CAG trinucleotide 
repeats in the androgen receptor gene of infertile men exhibit stable 
inheritance in female offspring conceived after ICSI. Mol Hum Reprod 
6:861–866.

18 Coccia ME, Rizzello F (2008). Ovarian reserve. Ann N Y Acad Sci 
1127:27–30.

19 Broekmans FJ, Kwee J, Hendriks DJ, Mol BW, Lambalk CB (2006). A 
systematic review of tests predicting ovarian reserve and IVF outcome. 
Hum Reprod Update 12:685–718.

20 Čuš M, Vlaisavljević V, Repnik K, Potočnik U, Kovačič B (2019). 
Could polymorphisms of some hormonal receptor genes, involved in 
folliculogenesis help in predicting patient response to controlled ovarian 
stimulation?. J Assist Reprod Genet 36:47–55.

21 Alviggi C, Conforti A, Santi D, Esteves SC, Andersen CY, Humaidan P, et 
al. (2018). Clinical relevance of genetic variants of gonadotrophins and 
their receptors in controlled ovarian stimulation: a systematic review and 
meta-analysis. Hum Reprod Update 24:599–614.

22 Anagnostou E, Mavrogianni D, Theofanakis C, Drakakis P, Bletsa R, Demirol 
A, et al. 2012. ESR1, ESR2 and FSH receptor gene polymorphisms in 

combination: a useful genetic tool for the prediction of poor responders. 
Curr Pharm Biotechnol13:426–434.

23 Altmäe S, Haller K, Peters M, Hovatta O, Stavreus-Evers A, Karro H, et al. 
2007. Allelic estrogen receptor 1 (ESR1) gene variants predict the outcome 
of ovarian stimulation in in vitro fertilization. Mol Hum Reprod 13:521–526.

24 Herrington DM, Howard TD, Brosnihan KB, McDonnell DP, Li X, Hawkins 
GA, et al. (2002). Common estrogen receptor polymorphism augments 
effects of hormone replacement therapy on E-selectin but not C-reactive 
protein. Circulation 105:1879–1882.

25 de Mattos CS, Trevisan CM, Peluso C, Adami F, Cordts EB, Christofolini 
DM, et al. (2014). ESR1 and ESR2 gene polymorphisms are associated 
with human reproduction outcomes in Brazilian women. J Ovarian Res 
7:114.

26 de Castro F, Morón FJ, Montoro L, Galán JJ, Hernández DP, Padilla ES, 
et al. (2004). Human controlled ovarian hyperstimulation outcome is a 
polygenic trait. Pharmacogenetics 14:285–293.

27 Ayvaz OU, Ekmekçi A, Baltaci V, Onen HI, Unsal E (2009). Evaluation 
of in vitro fertilization parameters and estrogen receptor alpha gene 
polymorphisms for women with unexplained infertility. J Assist Reprod 
Genet 26:503–510.

28 Ganesh V, Venkatesan V, Koshy T, Reddy SN, Muthumuthiah S, Paul SFD 
(2018). Association of estrogen, progesterone and follicle stimulating 
hormone receptor polymorphisms with in vitro fertilization outcomes. Syst 
Biol Reprod Med 64:260–265.

29 Karagiorga I, Partsinevelos GA, Mavrogianni D, Anagnostou E, 
Zervomanolakis I, Kallianidis K, et al. (2015). Single nucleotide 
polymorphisms in the anti-müllerian hormone (AMH ile(49)ser) and anti-
müllerian hormone type II receptor (AMHRII -482 A>G) as genetic markers 
in assisted reproduction technology. J Assist Reprod Genet 32:357–367.

30 Peluso C, Fonseca FL, Gastaldo GG, Christofolini DM, Cordts EB, 
Barbosa CP, et al. (2015). AMH and AMHR2 polymorphisms and AMH 
serum level can predict assisted reproduction outcomes: a cross-sectional 
study. Cell Physiol Biochem. 35:401–412.

31 de Resende LOT, Vireque AA, Santana LF, Moreno DA, de Sá Rosa e Silva 
ACJ, Ferriani RA, et al. 2012. Single-cell expression analysis of BMP15 
and GDF9 in mature oocytes and BMPR2 in cumulus cells of women with 
polycystic ovary syndrome undergoing controlled ovarian hyperstimulation. J 
Assist Reprod Genet 29:1057–65.

32 Serdyńska-Szuster M, Jędrzejczak P, Ożegowska KE, Hołysz H, Pawelczyk 
L, Jagodziński PP (2016). Effect of growth differentiation factor-9 C447T 
and G546A polymorphisms on the outcomes of in vitro fertilization. Mol 
Med Rep 13:4437–4442.

33 Hatzi E, Bouba I, Galidi A, Lazaros L, Xita N, Sakaloglou P, et al. (2011). 
Association of serum and follicular fluid SHBG levels and SHBG (TAAAA)
n polymorphism with follicle size in women undergoing ovarian stimulation. 
Gynecol Endocrinol 27:27–32.

34 Fan W, Li S, Chen Q, Huang Z (2013). Association between the (TAAAA)
n SHBG polymorphism and PCOS: a systematic review and meta-analysis. 
Gynecol Endocrinol 29:645–650.

35 Lazaros LA, Hatzi EG, Pamporaki CE, Sakaloglou PI, Xita NV, Markoula SI, 
et al. (2012). The ovarian response to standard gonadotrophin stimulation 
depends on FSHR, SHBG and CYP19 gene synergism. J Assist Reprod 
Genet 29:1185–1191.

36 Altmäe S, Haller K, Peters M, Saare M, Hovatta O, Stavreus-Evers A, et 
al. (2009). Aromatase gene (CYP19A1) variants, female infertility and 
ovarian stimulation outcome: a preliminary report. Reprod Biomed Online 
18:651–657.

37 Lazaros L, Xita N, Hatzi E, Takenaka A, Kaponis A, Makrydimas G, et al. 
(2013). CYP19 gene variants affect the assisted reproduction outcome of 
women with polycystic ovary syndrome. Gynecol Endocrinol 29:478–482.

38 Amaro A, Polerá D, Figueiredo FWDS, Bianco B, Christofolini DM, 
Barbosa CP (2019). The impact of variants in genes associated with 
estradiol synthesis on hormone levels and oocyte retrieval in patients who 
underwent controlled ovarian hyperstimulation. Genet Test Mol Biomarkers 
23:145–149.

39 Ferk P, Perme MP, Teran N, Gersak K (2008). Androgen receptor gene 
(CAG)n polymorphism in patients with polycystic ovary syndrome. Fertil 
Steril 90:860–863.

40 Lledo B, Llácer J, Ortiz JA, Martinez B, Morales R, Bernabeu R (2018). A 
pharmacogenetic approach to improve low ovarian response: the role of 
CAG repeats length in the androgen receptor gene. Eur J Obstet Gynecol 
Reprod Biol 227:41–45.

41 Roque M, Bianco B, Christofolini DM, Barchi Cordts E, Vilarino F, Carvalho 
W, et al. (2019). Pharmacogenetic algorithm for individualized controlled 
ovarian stimulation in assisted reproductive technology cycles. Panminerva 
Med 61:76–81.


