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Purpose: To examine the frequency distribution of the Ser680Asn polymorphism of the
follicle-stimulating hormone receptor (FSHR) gene in ovarian dysfunction (OD) infertile
women, “poor responders” (PR) and “good responders” (GR).
Methods: The hormonal profiles and treatment of all patients were analyzed and FSHR
polymorphism was examined by PCR and RFLP. Women from all groups were classified
as Asn/Asn, Asn/Ser, and Ser/Ser genotypes.
Results: The frequency distribution of Ser/Ser, Asn/Ser and Asn/Asn variants in OD patients
was 45.5, 22.7, and 31.8%, respectively. Day 3 FSH levels in OD and GR patients were higher
in Ser/Ser and Asn/Asn subgroups. Asn/Ser carriers from OD and GR groups provided more
follicles and oocytes compared to other allelic variants.
Conclusions: GR patients carry more often the Asn/Ser genotype. The latter is correlated
with more follicles and oocytes in both OD and GR patients. The Ser/Ser variant might be
related to higher serum FSH levels, while the Asn/Ser with lower.

KEY WORDS: FSH receptor; gene polymorphisms; ovarian response; ovarian stimulation.

INTRODUCTION

Follicle stimulation hormone (FSH) and luteinizing
hormone (LH) are two pituitary glycoproteins which
are essential for normal gonadal function. They co-
ordinate and regulate gonadal growth, differentia-
tion, endocrine function and gametogenesis in both
sexes (1,2). The effects of FSH and LH are medi-
ated through binding to specific cell surface recep-
tors, FSHR and LHR, respectively. We have previ-
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ously demonstrated the presence of FSHR and LHR
messenger RNA (mRNA) in both mouse and human
denuded oocytes and preimplantation embryos from
zygotes to blastocysts, thus indicating a possible role
for gonadotrophins in the resumption of meiosis and
early embryonic development (3,4).

FSHR and LHR belong to the large family of G-
protein-coupled receptors, which span the plasma
membrane seven times and transduce the biological
action of FSH and LH, using cyclic AMP (cAMP)
as the main intracellular second messenger (5,6). The
FSHR gene contains a single large exon, which en-
codes the transmembrane and intracellular domains,
and nine smaller exons which encode the extra-
cellular domain. The complementary DNA encod-
ing the FSHR has been cloned in several species,
including human species (7–9). An inactivating
mutation in the FSHR gene has been described in
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Finnish families with autosomal recessive premature
ovarian failure (POF), while studies in a Brazilian
and a Japanese population with POF failed to iden-
tify similar genomic alterations (10–13).

In assisted reproduction programs, the response
of “good responders” or “poor responders” to ex-
ogenous FSH is individualized and the ovarian
response to intense gonadotrophin stimulation is dif-
ficult to predict. Ovarian response to FSH stimula-
tion has been shown to depend on the FSH genotype.
Mayorga et al. investigated the role of two distinct
FSHR variants, Thr307/Asn680 and Ala307/Ser680,
in the ovarian response to FSH in women undergo-
ing controlled ovulation induction. Using a standard
stimulation regimen, the authors reported a highly
significant difference in the number of ampoules re-
quired for successful ovulation induction. This find-
ing was related to the patients’ day 3 serum FSH
levels (14).

Day 3 serum FSH seems, indeed, to be the
best predictive marker for ovarian function, even
though a significant intraindividual variation from
cycle to cycle and potential differences in the
bioactivity of FSH measured should be taken into
consideration (15,16). Other factors proposed to
affect ovarian response to FSH are the distribu-
tion of FSH isoforms and the single nucleotide
polymorphisms (17,18). Various parameters which
could be used to estimate a patient’s ovarian re-
serve, are easily measurable, minimally invasive
and inexpensive have been described. Scott et al.
have suggested that day 3 basal FSH levels rep-
resent a parameter which might meet the above
criteria (15). Other authors detected differences
between inhibin levels in normal and poor re-
sponders during complex ovulation induction cycles,
but still basal levels were not different (19). Further-
more, studies examining inhibin levels in women with
different ages provide little support for this specific
parameter. It has also been reported that luteinized
granulosa cells from women with elevated day 3 FSH
levels produce less steroids, are less viable in culture,
have a reduced mitotic index and produce decreased
quantities of insulin growth factor I and II (IGFI and
IGFII). In contrast, no differences in inhibin produc-
tion were detected (20). Basal FSH level screening
has been extremely well studied and validated in as-
sisted reproduction regimens and remains the screen-
ing tool of choice in many programs.

In the present study, we examined the prevalence
of Ser680Asn polymorphisms of the FSHR gene.
Furthermore, we investigated the associations be-

tween the receptor polymorphisms and hormonal
profiles. Finally, we correlated the variants with the
clinical characteristics of assisted reproductive tech-
nologies (ART) in “poor responders” (PR), “good
responders” (GR) and “ovarian dysfunction” (OD)
Greek patients.

MATERIALS AND METHODS

Seventy-nine subfertile women and 46 normo-
ovulatory women, who presented at the IVF Unit of
the “Alexandra” Maternity Hospital, were included
in this study. Institutional review board approval was
obtained.

Thirty-five were documented as “poor responders”
in a previous attempt. In our study, patients that had
either: (a) three or less follicles developed or three
or less eggs retrieved after ovulation induction for
IVF or ICSI or (b) serum oestradiol concentrations
between 500 and 660 pg/mL at the time of human
chorionic gonadotropin (hCG) administration were
considered as poor responders (20,21). Since there
is no consistent definition of poor responders in the
literature, the above thresholds were selected be-
cause they represent the lowest 10% of ovarian re-
sponsiveness among patients who participated in this
study. These definitions are similar to others previ-
ously described (20–22). Forty-six more women who
had been previously treated in our IVF clinic were
selected as “good responders.” Good responder pa-
tients aged between 25 and 34 years, presented with
FSH and LH levels within the normal range and nor-
mal body mass index. We collected more than eight
oocytes from each of these patients. The fertilization
rate was 99%, the quality of embryos was excellent
and oestradiol (E2) levels on the day of hCG ad-
ministration ranged between 1500 and 3500 pg/mL.
Fourty-four women with “ovarian dysfunction” con-
stituted the last group of patients in this study, who
had previously undergone stimulation with the short
protocol. FSH level on day 3 of the menstrual cy-
cle was above 9 IU/L (normal range 2–9). A group
of imminent ovarian failure (IOF) patients char-
acterized by regular menstrual cycles and slightly
elevated follicular phase FSH, has been previously
described (23). These patients are often referred to as
having imminent or incipient ovarian failure (24–26).
In our study we named them “ovarian dysfunc-
tion” patients. Koning et al. suggested that elevated
FSH in women with IOF might be explained by
the presence of higher FSH pulses (23). These larger
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FSH pulses result from an increase in pituitary re-
sponse to GnRH. The patients were screened only
for the presence of abnormalities in the FSH poly-
morphism analysis. After clinical and laboratory
examination these patients were enrolled either in
IVF or ICSI programs. In this study, neither patients
with polycystic ovary syndrome, nor patients with an
abnormal LH-to-FSH ratio were included. The
LH-to-FSH ratio of the enrolled patients was within
the normal limits.

Basal (day 3) serum FSH, LH, and prolactin
levels were measured by electrochemiluminescence
immunoassay (Roche Molecular, Biochemicals,
Mannheim, Germany) in the cycle just before
ovulation induction. This practice is being routinely
applied in our department for several years and
does not include measurement of basal estradiol
levels. Prolactin levels are measured for a better
evaluation of the patient, since unusually high serum
prolactin levels could lead to cycle cancellation and
appropriate treatment prior to initiation of an IVF
cycle. The E2 level on the day of hCG administration
was measured using a commercially available
chemiluminescent Microparticle Immunoassay
(CMIA) kit (Abbott Laboratories, Abbott Park, IL,
USA).

Women defined as “good responders” were su-
perovulated with exogenous gonadotrophin adminis-
tration. The stimulation protocol is described briefly
as follows (27). On day 21 of the previous cycle, a
baseline ultrasound scan was performed and busere-
lin acetate intranasal spray administration began at a
dose of 100 µg five times per day. GnRH agonist ad-
ministration was maintained until hCG administra-
tion began. The extent of ovarian suppression in all
patients’ was evaluated by ultrasound scan and serum
E2 levels (≤40 pg/mL) before starting exogenous go-
nadotrophin administration (about 15 days after ad-
ministering the spray). Having performed a follow-
up, hCG was given when at least two follicles were
larger than 18 mm and serum oestrogen levels were
rising.

Oocytes were retrieved 34 h after the adminis-
tration of 10,000 IU hCG. Follicular aspiration and
oocyte retrieval were performed by transvaginal
ultrasound guided puncture. Approximately 4 h
after oocyte collection, the cumulus and corona
cells were removed by incubation in Ham’s F-
10 medium (Invitrogen Life Technologies,
Paisley, UK) with 80 IU/mL hyaluronidase (type
VII, 320 IU/mg; Sigma-Aldrich, Dorset, UK) for 30 s.
The oocytes were then transferred to fresh medium,

and adhering corona cells were further removed
by mechanical pipetting. Several microscopic
examinations were performed to ensure complete
removal of cumulus cells before ICSI took place.

ICSI was performed only in mature oocytes which
had extruded the first polar body (metaphase II).
The ICSI procedure was performed following con-
ventional techniques (28).

The “poor responder” and “ovarian dysfunc-
tion” patients who met the above criteria began a
short-term protocol with buserelin (500 µg/day in-
tranasal) on cycle day 2. Gonadotrophin adminis-
tration began on day 3 at a dose of 200 IU of
rFSH (16).

Plasma E2 levels were measured daily starting
7 days after commencing the regimen until the day af-
ter hCG administration. The first scan was performed
on day 7 and subsequent scans were performed every
day until oocyte retrieval.

The dose of rFSH was adjusted according to ovar-
ian response 6 days after the onset of gonadotrophin
administration. GnRHa administration was contin-
ued until 10,000 IU of human chorionic gonadotropin
(hCG) were injected intramuscularly. At the same
time the mean diameter of at least two leading
follicles was above 18 mm and serum E2 level was
rising.

The long stimulation protocol was chosen for the
group of “good responders” because this one results
in the best outcome when applied for such patients,
according to literature and to our experience. For
the “poor responders” and the “ovarian dysfunction”
groups of patients the short protocol of stimulation
was followed for similar reasons. All the protocols
used in these groups of patients have been previously
described in detail (29).

Embryos were scored and chosen for transfer
based on rapid cleavage, absence of fragmentation,
and size of blastomeres (good quality, A; poor qual-
ity, B) (28).

Genomic DNA was obtained from peripheral
blood leukocytes with the QIAamp DNA Blood
Kit (QIAGEN, Hilden, Germany) according to
the manufacturer’s instructions. Polymerase chain
reaction amplification of a fragment of exon
10 of the FSHR was performed with the use
of specific oligonucleotide primers, as described
elsewhere (30). The region of nucleotide number
1624 to 2143 was amplified using primer 1: 5′-
TTTGTGGTCATC-TGTGGCTGC-3′ and primer
2: 5′-CAAAGGCAAGGACTGAATTATCATT-3′.
The PCR product was 520 bp long. The PCR reaction
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was performed in a final volume of 50 µL contain-
ing 1 × PCR buffer, 1.5 mM MgCl2, 200 µM of each
dNTP, 1 µM of each primer, two units of Taq-DNA
polymerase (Invitrogen Life Technologies) and 5 µL
of the DNA template. The cycling conditions were
as follows: initial denaturation at 94◦C for 5 min,
40 cycles consisting of denaturation at 94◦C for 1 min,
annealing at 60◦C for 1 min, extension at 72◦C for
1 min and a final elongation step at 72◦C for 10 min.
All reactions were overlaid with light white oil and
the MJ Research PTC200 Thermal cycler (Waltham,
MA) was used in all experiments. PCR products were
visualized under UV light and photographed with a
polaroid camera.

PCR products of exon 10 were digested with BsrI.
Digestion was performed in 10 µL reactions contain-
ing 1 × reaction buffer, five units of the restriction
enzyme and 8 µL of purified PCR product, incubated
at 37◦C overnight. Restriction endonuclease diges-
tion products were visualized in 2.5% agarose gels
and photographed. The presence of the Asn680Ser
genotype introduces a restriction site for BsrI as it
creates the A to G transition. Therefore, three dif-
ferent patterns can be observed, a 520 bp band (for
680 Asn/Asn), a 520bp and a 413 bp band (for 680
Asn/Ser), and a 413 bp band (for 680 Ser/Ser). All

PCR products were sequenced on both strands to
confirm the results and examine the presence of poly-
morphisms.

For statistical interpretation of the results the
Kruskal Wallis and Mann–Whitney tests were
employed. The first was used for the analysis of vari-
ance between subgroups and the second for the com-
parison between subgroups and chi-square analysis
for frequency distribution. Correlations were evalu-
ated using Spearman’s correlation coefficient. Proba-
bilities of less than 0.05 were accepted as significant.
Data are presented as mean ± standard deviation,
unless otherwise stated.

RESULTS

All PCR reactions yielded products of the
expected size. RFLP analysis for the polymorphism
at position 680 (exon 10) determined the genotype
distribution for Ser/Ser, Asn/Ser, Asn/Asn polymor-
phism in patients with ovarian dysfunction (OD),
poor responders (PR) and good responders (GR).
RFLP results from randomly selected samples are
presented in Fig. 1.

We analyzed the hormonal and ovulation results
according to the genotype variant (Ser/Ser, Asn/Ser,

Fig. 1. RFLP analysis of the Asn680Ser FSHR variant. Following BsrI digestion of the
PCR products, 2.5% agarose gel electrophoresis revealed the patterns presented. Lanes 1–4
present two bands, 520 and 413 bp, corresponding to the Asn/Ser variant, lanes 4–7 present a
413 bp band corresponding to the Ser/Ser variant, and lanes 8–11 present a 520 bp band cor-
responding to the Asn/Asn variant. M represents a 100 bp molecular size marker (Invitrogen
Life Technologies).
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Asn/Asn). Significant differences are summarized on
Table I. Gonadotropin dose correlated significantly
with the observed levels of day 3 FSH (Spearman’s
correlation coefficient, p < 0.05). This correlation be-
comes stronger if the Spearman’s coefficient is cal-
culated for each specific genotype variant subgroup
(Ser/Ser: p < 0.001; Asn/Ser: p < 0.01; Asn/Asn: p <

0.05).
In OD and GR patients, day 3 FSH levels were

statistically higher in Ser/Ser and Asn/Asn subgroups
compared to Asn/Ser subgroup of patients (p < 0.05
and p < 0.001 respectively), thus indicating a rela-
tive resistance to the action of FSH in the former
subgroups. As a confirmation to this, estrogen levels
on the day of hCG administration were significantly
higher in the Asn/Ser subgroup (p < 0.01). More-
over, the numbers of preovulatory follicles and col-
lected oocytes were higher in the Asn/Ser subgroup
(p < 0.01) (Table I). However, pregnancy rates were
similar between the three subgroups (Asn/Ser: 3/49;
Ser/Ser: 3/42; Asn/Asn: 2/34).

Frequencies of the allelic variants in the OD
group (44 patients) were equally distributed: Ser/Ser:
20 (45.5%), Asn/Ser: 10 (22.7%) and Asn/Asn: 14
(31.8%) (chi-square p = 0.178) (Table II). The
three genotypes were equally distributed in the PR
group as well (chi-square p = 0.49). However, pa-
tients in the GR group had a statistically significant
tendency to carry the Asn/Ser variant (p < 0.05)
(Table II).

By definition, OD patients had significantly higher
levels of FSH and LH, in comparison with the PR
and GR groups (p < 0.001). Estrogen levels on the
day of hCG administration were significantly higher
in the Asn/Ser variant subgroup, of the OD and GR
patients, signifying a more intense ovarian response
(p < 0.001) (Table III). This finding was further sup-
ported by the significantly lower levels of recombi-
nant gonadotrophin dose required for ovulation in-
duction, in comparison with what happens with the
Ser/Ser variant of the OD and the Asn/Asn variant
of the GR group (p < 0.05 and p < 0.01, respectively)
(Table III).

Follicles and oocytes collected from OD and GR
patients with the Asn/Ser variant, significantly out-
numbered those collected from patients with other
allelic variants (p < 0.001). Furthermore, these
oocytes appeared to provide better quality embryos,
compared to the Ser/Ser subgroup. Therefore, oocyte
production and quality appear to vary among pa-
tients with different genotypes. Pregnancies were dis-
tributed as follows: One in OD Ser/Ser, one in PR
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Table II. Frequency Distribution of Different Allelic Variants
in 125 Women According to Ovarian Function

Asn/Ser Ser/Ser Asn/Asn Total

Ovarian dysfunction 10a 20a 14a 44
Poor responders 15a 10a 10a 35
Good responders 24∗ 12∗ 10∗ 46
Total 49a 42a 34a 125

Note. Data are number of subjects. Chi-square analysis of fre-
quency distribution.
aNonsignificant.
∗p < 0.05.

Asn/Asn, 3 in GR Asn/Ser, two in GR Ser/Ser and
one in GR Asn/Asn (Table III). Pregnancy was de-
fined by cardiac activity.

DISCUSSION

The distribution of several allelic variants of the
FSHR gene in specific populations has been de-
scribed in the past (15,30). The identification of
these allelic variants has led to the investigation
of their potential value as predictors of ovarian
response to an exogenous stimulation IVF/ICSI
protocol.

In this study, we examined the clinical parameters
of 125 patients who participated in an IVF/ICSI/ET
program and correlated the role of Asn680Ser poly-
morphism with these parameters, i.e., the outcome
of ovulation induction, the number of oocytes,
the quality of embryos and pregnancy rates. The
pregnancy rates observed for these specific pa-
tients were lower than the expected pregnancy
rates in our center (28). However, these were the
observed pregnancy rates at that period of time
and therefore results are interpreted accordingly.
We observed that genotype distribution in 44 pa-
tients with ovarian dysfunction was 45.4% Ser/Ser,
22.7% Asn/Ser, and 31.8% Asn/Asn.

Our data show that patients with ovarian dysfunc-
tion tend to carry the Ser/Ser variant. However, this
tendency did not prove to be statistically significant.
Likewise, in other studies no specific allelic variant
was found to be prominent (14,30). Furthermore, we
report that GR patients have a statistically significant
tendency to carry the Asn/Ser variant (p < 0.05). This
finding may reflect a better and more rapid ovarian
response to exogenous stimulation, possibly due to a
more efficient FSH receptor. Thus, the allocation of
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a candidate for an IVF/ICSI program to the Asn/Ser
allelic variant might predict a better response.

The levels of serum FSH reflect the ovarian re-
sponse potential on the third day of the menstrual
cycle, considering the existence of intra-individual
variation from cycle to cycle and the different bioac-
tivity of FSH measured (15,16). Indeed, we show
here that the gonadotrophin dose required for ovula-
tion induction significantly correlates with day 3 FSH
levels. This correlation is stronger for specific geno-
type variant subgroups.

Our data show that day 3 FSH levels are sta-
tistically higher in Ser/Ser and Asn/Asn subgroups
compared to Asn/Ser subgroup of patients. This
variation may indicate a prompt response to FSH
administration in the latter subgroup, with a con-
sequent decrease in the basal levels of FSH. This
finding is further supported by the observation that
estrogen levels during hCG administration and the
number of collected oocytes were significantly higher
in the same subgroup (Asn/Ser). Similarly, other
studies have suggested that ovarian response to rFSH
may depend on the FSH receptor genotype of treated
patients (14). Although peak E2 levels, number of
preovulatory follicles and number of oocytes re-
trieved were similar in all allelic variants, Perez-
Mayorga et al. reported increased basal serum FSH
levels in the Ser/Ser subgroup, a finding which is in
agreement with our present data (14).

In the same direction, Laven et al. reported in-
creased median serum FSH levels in women with
the Ser/Ser allelic variant. However, the ovarian re-
sponse after ovulation induction was similar in all
genotypes (30). In the previously refered study of
Perez-Mayorga et al., the dose of rFSH needed for
ovulation induction was higher in the Ser/Ser geno-
type variant. Similarly, our data show that OD pa-
tients with the Ser/Ser genotype variant required
a significantly higher recombinant gonadotrophin
dose.

CONCLUSIONS

In conclusion, our study shows that OD patients
tend to carry the Ser/Ser allelic variant (44.5%),
whereas GR patients carry more often the Asn/Ser
allelic variant (p < 0.05). This latter genotype pro-
vides more follicles and oocytes in both GR and
OD patients. Furthermore, our data suggest that the
Asn/Ser genotype in the OD group has a higher
FSH sensitivity compared to the other two groups,

even though de Castro et al. suggest that the im-
pact of the FSH receptor genotype may be limited
(31). Clearly, the FSHR polymorphism assessment
is still a research approach. Together with others, it
could be evaluated in an effort to understand or even
better predict the ovarian response of specific, very
sensitive and difficult to treat, groups of patients. In
no case does the present study suggest that it could
replace traditional ovarian reserve testing. In the
future, studies with numerous patients should be per-
formed, in order to assess more effective individual-
ized regimens for ovulation induction. An array of
molecular tools will be needed and hundreds of thou-
sands of polymorphisms will have to be examined in
appropriate phenotypic groups, such as PR and OD
patients.
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