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Pharmacogenetics of ovarian response

Infertility is defined by the failure to conceive 
after 12 months of regular unprotected sexual 
intercourse [1]. Approximately 10% of couples 
have difficulty conceiving a child naturally [2] 
and more than 80 million couples worldwide 
are infertile and may be treated using assisted 
reproduction techniques. The most used and 
successful assisted reproduction technique is 
in vitro fertilization (IVF). IVF is a complex 
and multistep process. Oocytes are collected 
after controlled ovarian stimulation (COS) 
with gonadotropins. After fertilization and 
embryo cleavage, the embryos will be trans
ferred to the uterus for implantation, whereas 
other may be cryopreserved for future implan
tation attempts. All these steps are critical for 
successful IVF. The aim of COS is to safely 
obtain a high number of mature oocytes that 
allows us to select the most viable embryo for 
transfer [3]. Approximately 8–10 oocytes are 
regarded as an optimal prerequisite for suc
cessful outcome in conventional COS proto
cols and it has been recently published that 
the number of eggs to maximize the success 
rates is approximately 15 [4]. However, ovarian 
response varies widely among women under
going ovarian stimulation [5]. Approximately 
9–24% of women under going IVF respond 
more poorly than expected to the ovarian 
stimulation protocol selected according to 
their clinical characteristics [5]. On the other 
hand high responses can cause a serious medical 
condition, ovarian hyperstimulation syndrome 
(OHSS). Identification in advance of patients 

who will carry out a poor or high response to 
standard treatment would be of great clinical 
interest for such patients. Various predictive 
markers of COS outcome have been proposed 
such as age [6], ovarian reserve [7], cigarette 
smoking [8] and hormonal status [9]. Besides 
these parameters, genetic variability also seems 
to be an important factor. It is well recognized 
that individual variability in response to drugs 
exists [10]. Application of pharmacogenetics to 
ovarian response may predict stimulation suc
cess [11] but also contribute to adjustment and 
design of doses in order to tailor treatment.

More than 19 million SNPs have been iden
tified in the human genome [12]. Some of these 
SNPs have already been associated with changes 
in the effects of drugs. The aim for pharmaco
genetics is to establish the relationship between 
genetic variants and medication response, to 
develop diagnostic tests that can predict drug 
action and adjust therapy accordingly [13].

The influence of polymorphisms in genes 
on the outcome of ovarian stimulation in IVF 
has been analyzed by several groups, but the 
pharmaco genetic approach in regards to follicle
stimulating hormone (FSH) dosing is still emerg
ing. Most studies have been focused on polymor
phisms in the FSH receptor gene (FSHR) [14]. 
The effect of variations in different biochemical 
pathways involved in estrogen production and 
action (aromatase and estrogen receptor genes), 
folliculogenesis (BMP15, GDF9 and AMH) and 
other aspects have also been examined by a few 
groups (Table 1) [14]. Recently, geneassociation 

Effective controlled ovarian stimulation (COS) is crucial for IVF outcome. Ovarian response to follicle-
stimulating hormone, however, varies widely among women undergoing ovarian stimulation. Advance 
identification of patients who will elicit a poor or high response to standard treatment would be of great 
clinical benefit for such patients. Application of pharmacogenetics to ovarian response may predict 
stimulation success but also help in the adjustment and design of doses prior to treatment. Different 
studies have examined the impact of variations in follicle-stimulating hormone receptor, biochemical 
pathways involved in estrogen production and action, folliculogenesis and other aspects. Recently, gene-
association studies have tried to identify a number of genetic variations affecting interindividual variability 
in COS.

Keywords: controlled ovarian stimulation n Cos n genotype n ovarian response  
n pharmacogenetics n single nucleotide polymorphism n sNP

Belen Lledo*,1, Jose A 
Ortiz1, Joaquin Llacer2  
& Rafael Bernabeu1,2

1Instituto Bernabeu Biotech, Avda 
Albufereta, 31, 03016, Alicante, Spain 
2Instituto Bernabeu of Fertility & 
Gynecology, 03016, Alicante, Spain 
*Author for correspondence: 
Fax: +34 96 515 13 28 
blledo@institutobernabeu.com

part of



Pharmacogenomics (2014) 15(6)886 future science group

Pharmacogenetics of ovarian response ReviewReview Lledo, Ortiz, Llacer & Bernabeu

studies have identified a number of no genomic 
SNPs affecting interindividual variability in the 
COS [15].

FsHr
FSH is a key hormone in human reproduction. 
FSH and its receptor (FSHR) play a major role 
in follicular development and regulation of 
steroido genesis in the ovary [16]. The FSHR gene 
is localized on chromosome 2p21 and spans a 
region of 54 kb [17]. It consists of ten exons [18].

Almost 1000 SNPs have been located in the 
FSHR gene, but only eight are in the exons. Six of 
them are nonsymptomatic and the other two at 
codon 307 (rs6165) and 680 (rs6166) are located 
in exon 10 and are related to ovarian response. 
Codon 307 is found in the extracellular domain 
and codon 680 is in the intracellular domain. 
Both SNPs affect gene function by changing the 
properties of the protein and then modifying 
the response to FSH [19]. Threonine (T) can be 
substituted by alanine (A) at position 307 and 

Table 1. Genetic variations studied in relation to controlled ovarian hyperstimulation.

Gene Chromosome 
localization

Genetic variation Major findings ref.

rs number Protein or 
coding sequence 
variation

FSHR 2p21 rs6166 N680S Patients with the S680 allele need more FSH during the 
stimulation phase

[20–36]

rs1394205 -29G/A Women with AA genotype at position -29 require higher 
doses of FSH, had lower E

2 
levels, produced fewer follicles 

and showed a lower number of retrieved oocytes

[37,38]

LHB 11p13 rs1800447
rs3439826

W8R
I15T

Women that carry the variants W8R (rs1800447) and I15T 
(rs3439826) require higher recombinant FSH consumption 
while having fewer oocytes retrieved

[39,40]

LHCGR 2p21 rs4073366 +28G>C The C variant carrier status was associated with a threefold 
increase risk of developing OHSS

[41–43]

ESR1 6q25 rs2234693 -397T>C Patients carrying the CC genotype had higher number of 
follicles, mature oocytes, fertilization rate and good quality 
embryos

[44,45]

rs9340799 -351A>G Patients carrying the GG genotype had higher number of 
mature oocytes and fertilization rate

rs3138774 (TA)
n

Longer TA repeats were associated with better COH

AMH 19p13 rs10407022 I49S Women carrying both AMH Ser and AMHR2 -482G alleles 
had increased follicular sensitivity to FSH

[46–48]

AMHR2 12q13 rs2002555 -482A>G

SHBG 17p13 rs6761 (TAAAA)
n

An increase in the follicle and oocyte number was observed 
in women carrying long SHBG (TAAAA)

n

[49–50]

CYP19A1 15q21 rs60271534 (TTTA)
n

Short CYP19A1 allele carriers need higher gonadotropin 
administration during COH

[51,52]

MTHFR 1p36 rs1801133 677C>T Heterozygote individuals seems to have more favorable 
outcomes compared to homozygotes

[53–55]

BMP15 Xp11 rs58995369
rs3810682
rs3897937
rs6165

- 673C>T
-9C/G
IVSI+905
N103S

The haplotype TGGA was was higher in patients with OHSS [56–58]

GDF-9 5q31 rs10491279 546G>A The A allele was correlated with poor COH and IVF 
outcomes

[58]

SOD2 6q25 rs4880 A16V The AA genotype was associated with a higher number of 
total oocytes following COH

[59]

p53 17p13 rs1042522 P72R Women who were homozygous for A72 had a greater 
number of oocytes than women who were PP homozygous 
and heterozygous

[3]

COH: Controlled ovarian hyperstimulation; E
2
: Estradiol; FSH: Follicle-stimulating hormone; IVF: In vitro fertilization; OHSS: Ovarian hyperstimulation syndrome.
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serine (S) can be substituted by asparagine (N) 
at position 680. These polymorphisms are in 
linkage disequilibrium resulting in the most fre
quent allelic combinations of T307–N680 and 
A307–S680. In order to simplify, most studies 
focus almost exclusively on polymorphisms at 
codon 680.

These polymorphisms are the most extensively 
studied to assess the response of the receptor to 
the FSH simulation. Although there is some 
discordance [20,21], there is sufficient evidence 
to state that N680S polymorphism determines 
ovarian response to FSH stimulation in patients 
undergoing IVF treatment [22–24]. To achieve 
similar peak estradiol levels the amount of FSH 
needed for COS was lower in women with the 
genotype N/N at position 680, suggesting a 
lower sensitivity to FSH for the S680 allele and 
a poor response to gonadotropins [25]. Patients 
with the S680 allele need more FSH during 
the follicular phase [26–29]. Estradiol levels per 
oocyte retrieved in the S/S group were signifi
cantly lower as compared with the levels in the 
N/S and N/N groups at the time of hCG admin
istration. To evaluate stimulation and embryo 
implantation potential oocyte donation is the 
best model. Donors are young women of similar 
age with normal ovarian function. Interestingly 
a study performed on fertile egg donors agree 
with previous results, showing that in the S/S 
group the gonadotropin dosage is higher and 
the oocytes retrieved are less than other geno
type groups in COS [30]. The higher gonado
tropin consumption in the S/S group could be 
explained by the fact that patients with the S/S 
genotype have increased basal FSH levels and 
require higher FSH doses as reported in the 
Yao et al. meta ana lysis [23]. Several investiga
tions have confirmed these original findings in 
different populations [26,31–34]. These findings 
implied that women with the S/S variant were 
more resistant to FSH action than women car
rying the other variants [27,29]. However Yao did 
not find an association between the number of 
oocytes and genotype. One explanation could 
be that there is a bias on the IVF treatment: 
the FSH dose of poor responders is increased to 
achieve an adequate number of eggs and the dose 
of good responders is lowered to avoid hyper
stimulation. The only clinical trial examining 
gene variants and COS outcome conducted so 
far has confirmed the previous finding of N680S 
polymorphism effect, indicating that lower FSH 
sensitivity of S/S carriers may be overcome by 
higher FSH doses during COS protocols [35]. 
Furthermore, a metaana lysis where patients 

were divided into poor or good responders con
firmed the role of the N680S variant in poor 
responders during COS [36].

FSHR polymorphism has also been associ
ated with OHSS. Among OHSS patients, the 
N/N allele has been found to be a risk factor 
predictor of severity of symptoms [60]. Neverthe
less, researches have not replicated these find
ings [61,62]. The disagreed results could, in part, 
be explained by women’s age. It has been sug
gested that in younger women, S carriers have a 
‘follicleburning phenotype’ recruiting a higher 
number of follicles during every natural cycle 
and therefore being at a higher risk of OHSS 
[63]. Meanwhile, in the same individuals, ovarian 
reserve depletion could occur earlier, leading to 
an agedependent poor responder phenotype in 
later life [63]. Further research is needed to clarify 
the role of FHSR polymorphism in OHSS.

The level of FSHR expression also has an 
impact on FSH action. The G/A polymorphism 
at position 29 (rs1394205) of the FSHR gene 
can also modulate ovarian response to gonado
tropin. Women with the AA genotype at posi
tion 29 require higher doses of FSH, had lower 
estradiol levels, produced fewer follicles and 
showed a lower number of retrieved oocytes [37]. 
This effect could be caused by reduced expres
sion of FSHR on granulosa cells [38]. However, 
further larger studies are necessary to confirm 
this finding.

FSHR genotype is an important factor for 
determining the prognosis of COS cycles. Geno
typing FSHR N680S together with some addi
tional markers may therefore provide a means 
of identifying a group of poor responders before 
infertility treatment is initiated [19].

Luteinizing hormone b subunit
FSH and luteinizing hormone (LH) share a com
mon a subunit, while the b subunit is hormone 
specific and includes the receptor binding domain. 
LH acts with FSH in promoting follicular devel
opment, ovulation and lutenization of the leading 
follicle [64]. The LH b subunit is coded by the 
LHB gene, localized on chromosome 11p13 and it 
has three exons. Polymorphisms in the gene have 
been identified and three in the coding sequence 
have been found to decrease LH activity [39]. 
Women that carry the variants W8R (rs1800447) 
and I15T (rs3439826) require higher FSH doses 
while fewer oocytes are retrieved [40]. Further 
studies with larger study groups are needed to 
clarify whether this variant could predict COS. 
Women carrying this variant could benefit from 
exogenous LH supplementation during COS.
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LH receptor
The LH receptor (LHR) is located in the cell 
surface and binding with its ligand allows for the 
maintenance of the theca, maturation of follicles 
and ovulation. LHR is encoded by the LHCGR 
gene located on chromosome 2p21, consisting of 
11 exons. LHCGR harbors at least 300 polymor
phisms some of which have a significant impact 
on sexual development and fertility [41]. Recently, 
a new polymorphism was detected (rs4073366 
+28G>C), which could potentially impact on 
LHCGR mRNA processing [42]. The C vari
ant carrier status was associated with a threefold 
increased risk of developing OHSS [43]. This 
interesting finding requires further investigations 
in other COS populations.

estrogen receptors
In COS, endogenously produced estrogens 
extend the action of FSH in stimulating 
folliculo genesis. In addition to folliculogenesis, 
estrogens play an important role in endome
trial preparation. Estrogen signaling is medi
ated by estrogen receptors. Estrogen receptors 
are encoded by ESR1 (located on 6q25) and 
ER2 (located on 14q22). The first pharmaco
genetic approach applied to IVF focused on 
ESR1 gene poly morphisms [65]. The most stud
ied polymorphisms in ESR1 are T>C at posi
tion 397 (rs2234693) and A>G at position 
351 (rs9340799) both in intron 1, and a (TA)

n
 

repeat polymorphism (rs3138774) in the pro
moter region. In reference to SNPs rs2234693 in 
intron 1, patients carrying the CC genotype had 
a higher number of follicles, mature oocytes, fer
tilization rate and good quality embryos [44,45]. 
In reference to SNPs rs9340799 in intron 1, 
patients carrying the GG genotype had a higher 
number of mature oocytes and fertilization rate 
[45]. Finally, longer TA repeats were associated 
with better COS [44].

Studying the G>A polymorphism at position 
+1730 (rs49866938) on ER2 alone did not reveal 
any effect [44]. However, previous studies [3,28,66] 
support the hypothesis that a multigenic model, 
including ESR2 and different genes, is involved 
in the controlled ovarian stimulation outcome.

Anti-Mullerian hormone & receptor
The serum concentration of antiMullerian hor
mone (AMH) is increasingly used as a predic
tor of ovarian reserve and ovarian response to 
stimulation [67]. AMH exerts its influence by way 
of the AMHR2 receptor. The genes encoding 
AMH an AMHR2 are located on chromosomes 
19p13 and 12q13, respectively. Genetic variation 

in AMH function is of interest and has already 
been described by Kevenaar et al. [46]. In their 
study on normogonadotrophic women, the I49S 
(rs10407022) SNP in the AMH gene and the 
482 A>G (rs2002555) polymorphism in the 
AMHR2 gene were associated with an increase 
in estradiol concentrations during the menstrual 
cycle. This may represent an indirect measure 
of increased follicular sensitivity to FSH. There 
is some discordance in the association between 
any of these SNPs and high or low response to 
ovarian stimulation [47,48]. Further investigations 
are needed in order to clarify these results.

sHBG
SHBG constitutes the main plasma transport gly
coprotein of the sex steroid hormones to target 
tissues. The gene encoding SHBG is located on 
chromosone 17p13. A penta nucleotide (TAAAA)

n
 

repeat polymorphism (rs6761) at the 5boundary 
of the gene promoter has been described, which 
has been shown to influence its transcriptional 
activity [68]. Previous studies have shown signifi
cant association between the length in TAAAA 
repeats on SHBG and ovarian response [49,50]. 
An increase in the follicle and oocyte number 
was observed in women carrying long SHBG 
(TAAAA)

n
 allele homozygotes compared with 

short SHBG (TAAAA)
n
 allele homozygotes using 

eight repeats as the cutoff allele. Larger population 
studies are needed to validate this finding.

CyP19
Intrafollicular steroids and their metabolism 
are crucial for follicular growth. Intra follicular 
estrogen production takes place in follicular 
granulosa cells using androgens, which are syn
thesized in theca cells under the catalytic action 
of aromatase, as substrates. The gene encoding 
aromatase is CYP19A1, located at chromosome 
region 15q21. A tetranucleotide (TTTA)

n 
repeat 

polymorphism (rs60271534) in intron 4 has 
been involved in steroid hormone regulation [69]. 
Women carrying shorter TTTA repeats, using 
nine as the cutoff allele, exhibit lower estrogen 
concentrations [51] and reduced aromatase activ
ity. Short CYP19A1 allele carriers need higher 
gonadotropin administration during COS in 
order to achieve follicle numbers as high as those 
observed in long CYP19A1 allele carriers [50,52]. 
Further studies are needed to clarify the effect 
of aromatase gene variants on COS outcome.

MTHFr
MTHFR (1p36.3) plays a central role in folate 
and homocysteine metabolism by catalyzing the 
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conversion of 5,10methylenetetrahydrofolate to 
5methyltetrahydrofolate, the primary circulatory 
form of folate, which is utilized in homocysteine 
remethylation to methionine. Folate is impor
tant during periods of rapid cell growth, which 
occurs during early follicle development, affect
ing immature follicles [70]. The common 677C>T 
MTHFR polymorphism (rs1801133) gives rise to 
an unstable enzyme with reduced activity. Het
erozygous individuals seems to have a more favor
able outcome compared with homozygotes. How
ever, there is some discordance in the association 
between C677T polymorphism on MTHFR and 
COS outcome [53–55]. The majority of women who 
are trying to get pregnant take folate supplements, 
which could be one explanation for the contradic
tory results. Given the involvement of folate in 
folliculo genesis, MTHFR polymorphisms should 
be further studied in COS response.

BMP15
BMP15 is a member of the TGFb superfamily 
of proteins that controls many aspects of develop
ment. The gene that encodes BMP15 is located 
on Xp11.2. According to animal models, reduced 
levels of BMP15 might result in higher levels of 
FSHR in the granulose cells, high levels of estro
gens and increased follicle production, with the 
possible presentation of a side effect related to 
OHSS [71]. A SNP in the gene for BMP15, which 
renders the protein less bioactive or inhibits its 
secretion, would theoretically increase the folli
cles’ sensitivity to FSH. An activating SNP could 
have the opposite effect. Four SNPs (673C>T, 
rs58995369; 9C/G, rs3810682; IVSI +905, 
rs3897937; N103S, rs6165) that could predict 
overresponse to recombinant FSH and OHSS 
have been identified in the BMP15 gene [56]. 
In addition, in another study, an association 
between the 9 G allele and a high response 
to gonadotropin stimulation was reported [57]. 
These results support the existence of a new path
way to activate estrogen and follicle production 
in humans. This result has to be confirmed by 
independent research teams.

GdF9
GDF9 also belongs to the TGFb superfamily 
and is preferentially expressed in the oocytes 
of humans. GDF9 stimulates granulosa cell 
proliferation and cumulus cell expansion, 
inhibits follicular apoptosis and enhances 
oocyte and embryo development. The gene for 
GDF9 is located at chromosome region 5q31.1. 
In the GDF9 gene 546G>A polymorphism 
(rs10491279), the A allele was correlated with 

poor COS and IVF outcomes in women with 
diminished ovarian reserve [58]. Polymorphisms 
in the TFGb superfamily genes are promis
ing candidates in COS outcomes owing to the 
important role of these TFGb superfamily 
members in folliculogenesis. The involvement 
of GDF9 polymorphisms in different responses 
to FSH should be investigated further.

sod2
SOD2 is a mitochondrial enzyme that cataly
ses the detoxification of superoxide free radi
cals, playing a crucial role in protection against 
redox harm. COS produces a disequilibrium 
in the oxidant–antioxidant status [72]. SOD2 
may have a role in different responses to COS. 
The SOD2 gene is located at 6q25. The A16V 
(rs4880) polymorphism has been identified. A 
valine at position 16 produces a conformational 
change in the protein structure, which may 
decrease efficiency. Interestingly, the AA geno
type was associated with higher number of total 
oocytes following COS [59]. Larger population 
studies are needed to validate this finding.

p53
The p53 tumor suppressor protein plays a crucial 
role in maintaining genomic stability in somatic 
cells. The p53 tumor suppressor gene contains 11 
exons and is located on chromosome 17p13. A 
SNP located at the second position of codon 72 
in the p53 gene consists of an ancestral C allele 
derived from a G allele. Presence of the C allele 
results in a proline in codon 72, and presence 
of the G allele results in an arginine. Signifi
cant differences in the codon 72 polymorphic 
form of p53 might affect the biological activ
ity of p53 (rs1042522). The R72 variant of the 
p53 protein is markedly more efficient than the 
P72 form. Previous studies have shown that the 
P72 poly morphism is a risk factor for recur
rent implantation failure and pregnancy loss 
[73]. Even though functional impact of p53 on 
oogenesis has not yet been investigated, one can 
hypothesize that low p53 activity is associated 
with greater DNA damage during folliculogen
esis. Recently, a study has shown that women 
who were homozygous for A72 had greater 
number of oocytes than women who were PP 
homozygous or hetero zygous [3]. The impact of 
the p53 polymorphism on ovarian response must 
be confirmed in larger studies.

Genome-wide association studies
Genomewide association studies (GWAS) are 
powerful tools used to identify genetic factors 
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that influence drug response. To our knowledge 
only one genomewide ana lysis has been per
formed in the field of ovarian stimulation [15]. 
This study was performed in a homogeneous 
group of 102 healthy, Caucasian, regularly 
cycling, nonsmoking women aged 38 years or less 
with a BMI <30 kg/m² with a regular indication 
for IVF. Genetic profiles were associated with the 
number of oocytes obtained. After correction for 
multiple testing, no SNPs were observed to be sig
nificantly correlated to ovarian response, embryo 

quality or pregnancy [15]. The GWAS limitation 
is the small sample size. GWAS require multiple 
correction testing. In order to assess more subtle 
genetic effects with a greater power and to find 
new biomarkers in COS further studies in larger 
cohorts are clearly needed.

Conclusion & future perspective
In order to tailor the amount of FSH used in IVF 
protocols an important effort has been made in 
the identification of a genetic profile. More data 

executive summary

Follicle-stimulating hormone receptor

 � The N680S polymorphism determines ovarian response to follicle-stimulating hormone (FSH) stimulation in patients undergoing in vitro 
fertilization (IVF) treatment.

 � Patients with the S680 allele need more FSH during the stimulation phase.

 � In fertile egg donors, S/S patients showed that the gonadotropin dosage is higher and fewer oocytes are retrieved than in other 
genotype groups in controlled ovarian stimulation (COS).

Luteinizing hormone b subunit

 � Women that carry the variants W8R and I15T in the LHB gene require higher recombinant FSH consumption while having fewer 
oocytes retrieved.

Luteinizing hormone receptor

 � The rs4073366 +28G>C polymorphism on the LHR gene was associated with a threefold increased risk of developing OHSS in women 
who are C variant carriers.

Estrogen receptors

 � In ESR1, the T>C SNP at position -397 in intron 1: patients carrying the CC genotype had higher number of follicles, mature oocytes, 
fertilization rate and good quality embryos.

 � The rs9340799 SNP in intron 1 on ER1 gene: patients carrying the GG genotype had higher number of mature oocytes and fertilization 
rate.

 � Longer TA repeats in the ER1 promoter region was associated with better COS.
Anti-Mullerian hormone & receptor

 � The I49S (rs10407022) SNP in the AMH gene and the -482 A>G (rs2002555) polymorphism in the AMHR2 gene were associated with 
an increase in estradiol concentrations during the menstrual cycle.

Sex hormone-binding globulin

 � An increase in the follicle and oocyte number was observed in women carrying long SHBG (TAAAA)
n
 allele homozygotes compared 

with short SHBG (TAAAA)
n
 allele homozygotes.

CYP19

 � Women carrying shorter TTTA repeats in CYP19 intron 4 need higher gonadotropin administration during COS in order to achieve 
follicle numbers as high as those observed in long CYP19A1 allele carriers.

MTHFR

 � The common 677C>T MTHFR polymorphism (rs1801133) gives rise to an unstable enzyme with reduced activity. Heterozygote 
individuals seems to have more favorable outcomes compared with homozygotes.

BMP15

 � Four SNPs (-673C>T, rs58995369; -9C/G, rs3810682; IVSI+905, rs3897937; N103S, rs6165) have been identified in the BMP15 gene 
that could predict over-response to recombinant FSH and OHSS.

GDF9

 � In the GDF9 gene 546G>A polymorphism (rs10491279), the A allele was correlated with poor COS and in vitro fertilization outcomes 
in women with diminished ovarian reserve.

SOD2

 � The A16V (rs4880) polymorphism on the SOD2 gene has been identified. The AA genotype was associated with higher number of 
total oocytes following COS.

p53

 � Women who were homozygous for A72 on the p53 gene had a greater number of oocytes than women who were PP homozygous or 
heterozygous.

Genome-wide association studies

 � Genetic profiles were associated with the number of oocytes obtained.



www.futuremedicine.com 891future science group

Pharmacogenetics of ovarian response ReviewReview Lledo, Ortiz, Llacer & Bernabeu

references
Papers of special note have been highlighted as:
nn  of considerable interest

1 ZegersHochschild F, Adamson GD, de 
Mouzon J et al. International Committee for 
Monitoring Assisted Reproductive 
Technology; World Health Organization. 
The International Committee for 
Monitoring Assisted Reproductive 
Technology (ICMART) and the World 
Health Organization (WHO) Revised 
Glossary on ART Terminology. Hum. 
Reprod. 24(11), 2683–2687 (2009).

2 Rosenbluth EM, van Voorhis BJ. Evolving 
role of assisted reproductive technologies. 
Clin. Obstet. Gynecol. 54(4), 734–745 
(2011).

3 Boudjenah R, MolinaGomes D, Torre A 
et al. Genetic polymorphisms influence the 
ovarian response to rFSH stimulation in 
patients undergoing in vitro fertilization 
programs with ICSI. PLoS ONE 7(6), 
e38700 (2012).

4 Sunkara SK, Rittenberg V, RaineFenning 
N, Bhattacharya S, Zamora J, Coomarasamy 
A. Association between the number of eggs 
and live birth in IVF treatment: an ana lysis 
of 400 135 treatment cycles. Hum. Reprod. 
26, 1768–1774 (2011).

5 Oehninger S. Ovulation induction in IVF. 
Minerva Ginecol. 63, 137–156 (2011).

6 Kligman I, Rosenwaks Z. Differentiating 
clinical profiles: predicting good responders, 
poor responders, and hyperresponders. Fertil. 
Steril. 76, 1185–1190 (2001).

7 Coccia ME, Rizzello F. Ovarian reserve. 
Ann. NY Acad. Sci. 1127, 27–30 (2008).

8 Freour T, Masson D, Mirallie S et al. Active 
smoking compromises IVF outcome and 
affects ovarian reserve. Reprod. Biomed. 
Online 16, 96–102 (2008).

9 Haller K, Salumets A, Uibo R. AntiFSH 
antibodies associate with poor outcome of 
ovarian stimulation in IVF. Reprod. Biomed. 
Online 16, 350–355(2008).

10 Mutsatsa S, Currid TJ. Pharmacogenetics: 
a reality or misplaced optimism? J. Psychiatr. 
Ment. Health. Nurs. 20(4), 314–320 (2012).

11 Fauser BC, Diedrich K, Devroey P. Predictors 
of ovarian response: progress towards 
individualized treatment in ovulation 
induction and ovarian stimulation. Hum. 
Reprod. Update 14, 1–14 (2008).

12 Wang J, Pang GS, Chong SS, Lee CG. SNP 
web resources and their potential applications 
in personalized medicine. Curr. Drug Metab. 
13(7), 978–990 (2012).

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

14 Altmäe S, Hovatta O, StavreusEvers A, 
Salumets A. Genetic predictors of controlled 
ovarian hyperstimulation: where do we stand 
today? Hum. Reprod. Update 17(6), 813–828 
(2011).

nn	 Provides evidence of the effect of different 
polymorphisms on ovarian response.

15 van Disseldorp J, Franke L, Eijkemans R et al. 
Genomewide ana lysis shows no genomic 
predictors of ovarian response to stimulation 
by exogenous FSH for IVF. Reprod. Biomed. 
Online 22(4), 382–388 (2011).

16 Dupakuntla M, Mahale SD. Accessibility of 
the extracellular loops of follicle stimulating 
hormone receptor and their role in hormone
receptor interaction. Mol. Cell. Endocrinol. 
315, 131–137 (2010).

17 Gromoll J, Ried T, HoltgreveGrez H, 
Nieschlag E, Gudermann T. Localization of 
the human FSH receptor to chromosome 2 
p21 using a genomic probe comprising exon 
10. J. Mol. Endocrinol. 12, 265–271 (1994).

18 Simoni M, Gromoll J, Nieschlag E. The 
folliclestimulating hormone receptor: 
biochemistry, molecular biology, physiology, 
and pathophysiology. Endocr. Rev. 18, 
739–773 (1997).

19 Simoni M, Tempfer CB, Destenaves B, Fauser 
BC. Functional genetic polymorphisms and 

female reproductive disorders: part I: 
polycystic ovary syndrome and ovarian 
response. Hum. Reprod. Update 14, 459–484 
(2008).

20 Klinkert ER, te Velde ER, Weima S et al. 
FSH receptor genotype is associated with 
pregnancy but not with ovarian response in 
IVF. Reprod. Biomed. Online 13, 687–695 
(2006).

21 Mohiyiddeen L, Newman WG, Cerra C 
et al. A common Asn680Ser polymorphism 
in the folliclestimulating hormone receptor 
gene is not associated with ovarian response 
to gonadotropin stimulation in patients 
undergoing in vitro fertilization. Fertil. 
Steril. 99(1), 149–155 (2013).

22 Moron FJ, Galan JJ, Ruiz A. Controlled 
ovarian hyperstimulation pharmacogenetics: 
a simplified model to genetically dissect 
estrogenrelated diseases. Pharmacogenomics 
8(7), 775–785 (2007).

nn	 Provides evidence of the effect of different 
polymorphisms on ovarian response.

23 Yao Y, Ma CH, Tang HL, Hu YF. Influence 
of folliclestimulating hormone receptor 
(FSHR) Ser680Asn polymorphism on 
ovarian function and in vitro fertilization 
outcome: a metaana lysis. Mol. Genet. 
Metab. 103, 388–393 (2011).

24 Laan M, Grigorova M, Huhtaniemi IT. 
Pharmacogenetics of folliclestimulating 
hormone action. Curr. Opin. Endocrinol. 
Diabetes Obes. 19, 220–227 (2012).

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

26 Jun JK, Yoon JS, Ku SY et al. Follicle 
stimulating hormone receptor gene 
polymorphism and ovarian response to 
controlled ovarian hyperstimulation for 
IVFET. J. Hum. Genet. 51, 665–670 
(2006).

are being published, with evidence suggesting 
that the ovarian response to COS is mediated 
by various genetic variants. However, the speci
ficity and sensitivity of a single genetic marker 
will be too low for it to be employed as a predic
tive biomarker [22]. The development of testing 
panels that analyze interactions among different 
polymorphism could increase the clinical value. 
Indeed, a multilocus rather than a gene by gene 
statistical ana lysis has been shown to be a prom
ising predictive tool [28]. Further GWAS and 
highthroughput sequencing strategies in women 

undergoing COS are waiting to be employed in 
COS pharmacogenomics.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-
ment with any organization or entity with a financial interest 
in or financial conflict with the subject matter or materials 
discussed in the manuscript. This includes employment, con-
sultancies, honoraria, stock ownership or options, expert 
 testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.



Pharmacogenomics (2014) 15(6)892 future science group

Pharmacogenetics of ovarian response ReviewReview Lledo, Ortiz, Llacer & Bernabeu

27 Sudo S, Kudo M, Wada S, Sato O, Hsueh AJ, 
Fujimoto S. Genetic and functional analyses 
of polymorphisms in the human FSH receptor 
gene. Mol. Hum. Reprod. 8, 893–899 (2006).

28 De Castro F, Moron FJ, Montoro L et al. 
Human controlled ovarian hyperstimulation 
outcome is a polygenic trait. Pharmacogenetics 
14, 285–293 (2004).

29 Sheikhha MH, Eftekhar M, Kalantar SM. 
Investigating the association between 
polymorphism of folliclestimulating 
hormone receptor gene and ovarian response 
in controlled ovarian hyperstimulation. 
J. Hum. Reprod. Sci. 4, 86–90 (2011).

30 Lledo B, Guerrero J, Turienzo A et al. Effect 
of folliclestimulating hormone receptor 
N680S polymorphism on the efficacy of 
folliclestimulating hormone stimulation on 
donor ovarian response. Pharmacogenet. 
Genomics 23(5), 262–268 (2013).

31 Sudo S, Kudo M, Wada S, Sato O, Hsueh AJ, 
Fujimoto S. Genetic and functional analyses 
of polymorphisms in the human FSH receptor 
gene. Mol. Hum. Reprod. 8(10), 893–899 
(2002).

32 de Castro F, Ruiz R, Montoro L et al. Role of 
folliclestimulating hormone receptor 
Ser680Asn polymorphism in the efficacy of 
follicle stimulating hormone. Fertil. Steril. 80, 
571–576 (2003).

33 Loutradis D, Patsoula E, Minas V et al. FSH 
receptor gene polymorphisms have a role for 
different ovarian response to stimulation in 
patients entering IVF/ICSIET programs. 
J. Assist. Reprod. Genet. 23(4), 177–184 
(2006).

34 Livshyts G, Podlesnaja S, Kravchenko S, 
Sudoma I, Livshits L. A distribution of two 
SNPs in exon 10 of the FSHR gene among the 
women with a diminished ovarian reserve in 
Ukraine. J. Assist. Reprod. Genet. 26(1), 
29–34 (2009).

35 Behre HM, Greb RR, Mempel A et al. 
Significance of a common single nucleotide 
polymorphism in exon 10 of the follicle
stimulating hormone (FSH) receptor gene for 
the ovarian response to FSH: a 
pharmacogenetic approach to controlled 
ovarian hyperstimulation. Pharmacogenet. 
Genomics 15, 451–456 (2005).

36 Moron FJ, Ruiz A. Pharmacogenetics of 
controlled ovarian hyperstimulation: time to 
corroborate the clinical utility of FSH 
receptor genetic markers. Pharmacogenomics 
11(11), 1613–1618 (2010).

37 Desai SS, Achrekar SK, Paranjape SR, Desai 
SK, Mangoli VS, Mahale SD. Association of 
allelic combinations of FSHR gene 
polymorphisms with ovarian response. 
Reprod. Biomed. Online 27(4), 400–406 
(2013).

38 Desai SS, Achrekar SK, Pathak BR et al. 
Folliclestimulating hormone receptor 
polymorphism (G29A) is associated with 
altered level of receptor expression in 
granulosa cells. J. Clin. Endocrinol. Metab. 
96(9), 2805–2812 (2011).

39 Haavisto AM, Pettersson K, Bergendahl M, 
Virkamäki A, Huhtaniemi I. Occurrence and 
biological properties of a common genetic 
variant of luteinizing hormone. J. Clin. 
Endocrinol. Metab. 80(4), 1257–1263 (1995).

40 Alviggi C, Clarizia R, Pettersson K et al. 
Suboptimal response to GnRHa long protocol 
is associated with a common LH 
polymorphism. Reprod. Biomed. Online 18(1), 
9–14 (2009).

41 Bentov Y, Kenigsberg S, Casper RF. A novel 
luteinizing hormone/chorionic gonadotropin 
receptor mutation associated with 
amenorrhea, low oocyte yield, and recurrent 
pregnancy loss. Fertil. Steril. 97, 1165–1168 
(2012).

42 Haasl RJ, Ahmadi MR, Meethal SV et al. 
A luteinizing hormone receptor intronic 
variant is significantly associated with 
decreased risk of Alzheimer’s disease in males 
carrying an apolipoprotein E epsilon4 allele. 
BMC Med. Genet. 25, 9–37 (2008).

43 O Brien TJ, Kalmin MM, Harralson AF et al. 
Association between the luteinizing hormone/
chorionic gonadotropin receptor (LHCGR) 
rs4073366 polymorphism and ovarian 
hyperstimulation syndrome during controlled 
ovarian hyperstimulation. Reprod. Biol. 
Endocrinol. 11(1), 71 (2013).

44 Altmäe S, Haller K, Peters M et al. Allelic 
estrogen receptor 1 (ESR1) gene variants 
predict the outcome of ovarian stimulation in 
in vitro fertilization. Mol. Hum. Reprod. 
13(8), 521–526 (2007).

45 Ayvaz OU, Ekmekçi A, Baltaci V, Onen HI, 
Unsal E. Evaluation of in vitro fertilization 
parameters and estrogen receptor alpha gene 
polymorphisms for women with unexplained 
infertility. J. Assist. Reprod. Genet. 26(9–10), 
503–510 (2009).

46 Kevenaar ME, Themmen AP, Laven JS. Anti
Mullerian hormone and antiMullerian 
hormone type II receptor polymorphisms are 
associated with follicular phase oestradiol 
levels in normoovulatory women. Hum. 
Reprod. 22, 1547–1554 (2007).

47 Hanevik HI, Hilmarsen HT, Skjelbred CF, 
Tanbo T, Kahn JA. Single nucleotide 
polymorphisms in the antiMüllerian 
hormone signalling pathway do not determine 
high or low response to ovarian stimulation. 
Reprod. Biomed. Online 21(5), 616–623 
(2010).

48 Yoshida Y, Yamashita Y, Saito N et al. 
Analyzing the possible involvement of anti

Müllerian hormone and antiMüllerian 
hormone receptor II single nucleotide 
polymorphism in infertility. J. Assist. Reprod. 
Genet. 31(2), 163–168 (2014).

49 Hatzi E, Bouba I, Galidi A et al. Association 
of serum and follicular fluid SHBG levels and 
SHBG (TAAAA)n polymorphism with 
follicle size in women undergoing ovarian 
stimulation. Gynecol. Endocrinol. 27(1), 
27–32 (2011).

50 Lazaros LA, Hatzi EG, Pamporaki CE et al. 
The ovarian response to standard 
gonadotrophin stimulation depends on FSHR, 
SHBG and CYP19 gene synergism. J. Assist. 
Reprod. Genet. 29(11), 1185–1191 (2012).

51 Tworoger SS, Chubak J, Aiello EJ et al. 
Association of CYP17, CYP19, CYP1B1, and 
COMT polymorphisms with serum and 
urinary sex hormone concentrations in 
postmenopausal women. Cancer Epidemiol. 
Biomarkers Prev. 13(1), 94–101 (2004).

52 Lazaros L, Xita N, Hatzi E et al. CYP19 gene 
variants affect the assisted reproduction 
outcome of women with polycystic ovary 
syndrome. Gynecol. Endocrinol. 29(5), 
478–482 (2013).

53 Laanpere M, Altmäe S, Kaart T, Stavreus
Evers A, Nilsson TK, Salumets A. Folate
metabolizing gene variants and pregnancy 
outcome of IVF. Reprod. Biomed. Online 
22(6), 603–614 (2011).

54 Machac S, Lubusky M, Prochazka M, Streda 
R. Prevalence of inherited thrombophilia in 
patients with severe ovarian hyperstimulation 
syndrome. Biomed. Pap. Med. Fac. Univ. 
Palacky Olomouc Czech Repub. 150(2), 
289–292 (2006).

55 Thaler CJ, Budiman H, Ruebsamen H, Nagel 
D, Lohse P. Effects of the common 677C>T 
mutation of the 
5,10methylenetetrahydrofolate reductase 
(MTHFR) gene on ovarian responsiveness to 
recombinant folliclestimulating hormone. 
Am. J. Reprod. Immunol. 55(4), 251–258 
(2006).

56 Morón FJ, de Castro F, Royo JL et al. Bone 
morphogenetic protein 15 (BMP15) alleles 
predict overresponse to recombinant follicle 
stimulation hormone and iatrogenic ovarian 
hyperstimulation syndrome (OHSS). 
Pharmacogenet. Genomics 16(7), 485–495 
(2006).

57 Hanevik HI, Hilmarsen HT, Skjelbred CF, 
Tanbo T, Kahn JA. A single nucleotide 
polymorphism in BMP15 is associated with 
high response to ovarian stimulation. Reprod. 
Biomed. Online 23(1), 97–104 (2011).

58 Wang TT, Wu YT, Dong MY, Sheng JZ, 
Leung PC, Huang HF. G546A polymorphism 
of growth differentiation factor9 contributes 
to the poor outcome of ovarian stimulation in 



www.futuremedicine.com 893future science group

Pharmacogenetics of ovarian response ReviewReview Lledo, Ortiz, Llacer & Bernabeu

www.futuremedicine.com

women with diminished ovarian reserve. 
Fertil. Steril. 94(6), 2490–2492 (2010).

59 RuizSanz JI, Aurrekoetxea I, Matorras R, 
RuizLarrea MB. Ala16Val SOD2 
polymorphism is associated with higher 
pregnancy rates in in vitro fertilization cycles. 
Fertil. Steril. 95(5), 1601–1605 (2011).

60 Daelemans C, Smits G, de Maertelaer V et al. 
Prediction of severity of symptoms in 
iatrogenic ovarian hyperstimulation syndrome 
by folliclestimulating hormone receptor 
Ser680Asn polymorphism. J. Clin. 
Endocrinol. Metab. 89(12), 6310–6315 
(2004).

61 d’Alva CB, Serafini P, Motta E, Kohek MB, 
Latronico AC, Mendonca BB. Absence of 
folliclestimulating hormone receptor 
activating mutations in women with 
iatrogenic ovarian hyperstimulation 
syndrome. Fertil. Steril. 83(6), 1695–1699 
(2005).

62 Kerkelä E, Skottman H, Friden B, Bjuresten 
K, Kere J, Hovatta O. Exclusion of coding
region mutations in luteinizing hormone and 
folliclestimulating hormone receptor genes as 
the cause of ovarian hyperstimulation 
syndrome. Fertil. Steril. 87(3), 603–606 
(2007).

63 de Castro F, Morón FJ, Montoro L, Real LM, 
Ruiz A. Pharmacogenetics of controlled 
ovarian hyperstimulation. Pharmacogenomics 
6(6), 629–637 (2005).

64 Hillier SG, Whitelaw PF, Smyth CD. 
Follicular oestrogen synthesis: the ‘twocell, 
twogonadotrophin’ model revisited. Mol. 
Cell. Endocrinol. 100(1–2), 51–54 (1994).

65 Georgiou I, Konstantelli M, Syrrou M, 
Messinis IE, Lolis DE. Oestrogen receptor 
gene polymorphisms and ovarian stimulation 
for in vitro fertilization. Hum. Reprod. 12(7), 
1430–1433 (1997).

66 Anagnostou E, Mavrogianni D, Theofanakis 
CH et al. ESR1, ESR2 and FSH receptor gene 
polymorphisms in combination: a useful 
genetic tool for the prediction of poor 
responders. Curr. Pharm. Biotechnol. 13(3), 
426–434 (2012).

67 Nelson SM, Yates RW, Lyall H et al. Anti
Mullerian hormonebased approach to 
controlled ovarian stimulation for assisted 
conception. Hum. Reprod. 24, 867–875 
(2009).

68 Hogeveen KN, Talikka M, Hammond GL. 
Human sex hormonebinding globulin 
promoter activity is influenced by a 
(TAAAA)n repeat element within an Alu 

sequence. J. Biol. Chem. 276(39), 
36383–36390 (2001).

69 Xita N, Lazaros L, Georgiou I, Tsatsoulis A. 
CYP19 gene: a genetic modifier of polycystic 
ovary syndrome phenotype. Fertil. Steril. 
94(1), 250–254 (2010).

70 Twigt JM, Hammiche F, Sinclair KD et al. 
Preconception folic acid use modulates 
estradiol and follicular responses to ovarian 
stimulation. J. Clin. Endocrinol. Metab. 96(2), 
322–329 (2011).

71 Guéripel X, Brun V, Gougeon A. Oocyte 
bone morphogenetic protein 15, but not 
growth differentiation factor 9, is increased 
during gonadotropininduced follicular 
development in the immature mouse and is 
associated with cumulus oophorus expansion. 
Biol. Reprod. 75(6), 836–843 (2006).

72 Aurrekoetxea I, RuizSanz JI, del Agua AR 
et al. Serum oxidizability and antioxidant 
status in patients undergoing in vitro 
fertilization. Fertil. Steril. 94(4), 1279–1286 
(2010).

73 Lledo B, Turienzo A, Ortiz JA et al. Negative 
effect of P72 polymorphism on p53 gene in 
IVF outcome in patients with repeated 
implantation failure and pregnancy loss. 
J. Assist. Reprod. Genet. 31(2), 169–172 
(2014).


