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Abstract
Gonadotropin surge attenuating factor (GnSAF) is a non
- steroidal ovarian substance, which attenuates the endogenous LH surge in superovulated women. Although
several attempts have been made to purify GnSAF from
various biological materials, different sequences were
found. Only one of them has shown substantial homology of GnSAF to a known portion of the human genome.
In particular, GnSAF showed identity to the carboxyl terminal fragment of human serum albumin (HSA) with
a molecular mass of 12.5 kDa. Additional in vitro experiments have confirmed the above finding, since recombinant polypeptides corresponding to the subdomain
IIIB of HSA displayed GnSAF bioactivity in an in vitro bioassay system, while the expression of HSA gene was detected in human granulosa cells. Accumulated evidence

G

onadotropin surge attenuating factor (GnSAF)
is a non - steroidal ovarian substance that attenuates the endogenous LH surge in superovulated women1. The first indication for the existence
of this factor in women was derived from studies
involving ovarian stimulation for in vitro fertilization (IVF). Initially, women superovulated with clomiphene plus either follicle - stimulating hormone
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has indicated that GnSAF may play an important physiological role during the normal menstrual cycle. Thereby, it is assumed, that the bioactivity of GnSAF increases
during the intercycle period under the stimulating action of FSH and decreases gradually, thereafter, until the
midcycle. This factor seems to be the missing substance
in the ovarian feedback system, which maintains the pituitary in a state of low responsiveness to GnRH during
the greater part of the follicular phase. The reduced bioactivity of GnSAF in the late follicular phase enhances the sensitizing effect of estradiol on the pituitary response to GnRH, facilitating thus the full expression of
the midcycle LH surge.
Key words: LH; GnRH; GnSAF; ovary; pituitary

(FSH) or human menopausal gonadotropin (HMG)
displayed an endogenous luteinizing hormone (LH)
surge, which was markedly attenuated both in amplitude and duration2,3. Subsequently, it was shown
that the endogenous LH surge was also attenuated
during superovulation induction with the administration of FSH alone4. A few years before, it had been
shown that in superovulated monkeys the endoge5

Gonadotropin surge attenuating factor: Α physiological regulator

www.hjog.org

Figure 1. The occurrence of an endogenous LH surge during ovarian stimulation according to the treatment regimen

nous LH surge was inhibited by an ovarian factor
that was named gonadotropin surge inhibiting factor (GnSIF)5. It is still unclear, if GnSAF and GnSIF are
the same or different molecules, although the term
GnSAF seems more appropriate in humans. The
studies in superovulated women have also shown
that the pituitary response to gonadotropin - releasing hormone (GnRH) is markedly reduced as compared to spontaneous cycles and this is probably
part of the mechanism via which GnSAF attenuates
the endogenous LH surge1,6.
Clinical research has demonstrated that, in contrast to the normal menstrual cycle, the endogenous
LH surge in superovulated women is a variable phenomenon that can be blocked on several occasions.
The occurrence of an LH surge in such cycles depends on various parameters including the type of
drugs used in the ovarian stimulation regimen, the
degree of the ovarian hyperstimulation and the use
of GnRH analogues. More specifically, when women are treated with clomiphene citrate alone or in
combination with gonadotropins, the endogenous
6

LH surge occurs invariably and on time in relation to
the size of the leading follicle (larger than 16 mm in
diameter)2,3,7. On the other hand, when FSH is used
alone, the endogenous LH surge is either blocked (in
50 - 80% of the cycles) or it happens prematurely,
i.e. before the leading follicle becomes ovulatory in
size4,8-10. It is interesting that even with a markedly
attenuated LH surge, luteinization of the granulosa
cells may happen, while oocytes have been collected
following follicle aspiration and conception has taken place after embryo transfer2. In clinical terms, organizing the process of egg retrieval taking as a reference point the onset of the endogenous LH surge
is rather inconvenient, since follicle aspiration may
fall out of working hours.
Although the GnRH agonists invariably prevent
the LH surge10,11, the antagonists are less effective,
since several LH peaks can be detected during the
period of ovarian stimulation12-16. These peaks are
usually abortive LH surges, the clinical importance
of which is not yet clear, although they can lead to
follicle luteinization as confirmed by the elevated
VOLUME 14, ISSUE 1, JANUARY - MARCH 2015
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Table 1. C
 andidate sequences of gonadotropin surge attenuating factor (GnSAF)
Molecular
weight (kDa)

Amino acid sequence

Biological material (source)

Species

Reference

37.0

NH2 : SDXXPQL
No clear identification

Sertoli cell - conditioned medium

Rat

Tio et al23

69.0

NH2 : KPLAE
No clear identification

Follicular fluid

Pig

Danforth &
Cheng24

63.0
59.0

No sequence

Follicular fluid from superovulated
ovaries

Human

12.5

COOH:ALEVDETYVPK
Identification: truncated
C - terminus of serum albumin

Follicular fluid from superovulated
ovaries

Human

Pappa et al26

Internal: EPQVYVHAP
No clear identification
NH2 : XVPQGNAXXN
No clear identification

Granulosa - luteal cell - conditioned
medium

Human

Fowler et al30

64.0
64.0
64
40

D/NPMYSMITPNILRLES
Follicular fluid
DINGGGATLPQPLYQTSGVLTAFGAP

serum progesterone concentrations12,15,16. Experiments in women have shown that the occurrence
of LH peaks in such cycles is probably due to the inability of the GnRH antagonists to block the positive feedback mechanism17. Although LH pulsatility
is abolished immediately after the injection of the
GnRH antagonist, a normal pattern of pulses is re-established soon after18. Therefore, in the context of an
IVF program involving daily injections of a GnRH antagonist, there are short intervals during which the
pituitary remains unprotected from the stimulating
action of estradiol. The fact that only peaks and no
actual LH surges occur suggests that during these intervals estradiol only partially activates the positive
feedback mechanism. Since at the same time GnSAF
is produced in high amounts from the hyperstimulated ovaries, it is probable that the action of the
GnRH antagonist, which limits the “window” for estradiol action, combined with the action of GnSAF,
which antagonizes the sensitizing effect of estradiol on the pituitary, alleviates the strength of the positive feedback effect which displays an abortive LH
VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

Cows

Mroueh et al25

Hendriks et al33

surge17-19 (Figure 1). In spite of the above, previous
studies have demonstrated no clear differences in
live birth rate, when comparing agonists with antagonists cycles20.

Characterization of GnSAF
Almost three decades have passed from the first indication of the existence of GnSAF. Nevertheless, its
characterization has been only partially achieved
and there is no consensus regarding the structure
of this molecule21. Several attempts have been made
to isolate GnSAF from various biological materials
obtained from different species, but the results have
been inconsistent (Table 1). The first attempt resulted in the detection of GnSAF bioactivity in human
follicular fluid obtained from superovulated women. With the use of crude serial ultrafiltration, the
bioactivity of GnSAF was detected in the range of 10
- 30 kDa, but the molecule was not purified to homogeneity22. In these experiments, an in vitro bioassay system was developed using rat pituitary cells
in culture and the GnSAF bioactivity was assessed
7
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by the reduction of the LH secretion in response to
GnRH. Following this, Tio et al23, reported the purification of GnSAF/IF from rat Sertoli cell - conditioned medium as a 37 kDa monomeric protein.
Subsequently, purification of GnSAF was reported
from porcine follicular fluid and a 69 kDa monomeric protein was identified with no structural similarities with that from the Sertoli cells24. These two
substances demonstrated different amino (NH2)
- terminal sequences. In addition, the GnSAF/IF,
which was isolated from Sertoli cell - conditioned
medium, showed also potent inhibin activity, since
it caused a reduction not only of GnRH - induced LH
secretion but also of basal FSH secretion23. The latter was not shown in the study in which GnSAF was
isolated from porcine follicular fluid24. Based on
these results, an antibody raised against the 69 kDa
porcine protein identified two putative GnSAF/IFlike homologues in human follicular fluid with molecular sizes of 63 and 59 kDa, respectively25.
Following these attempts for GnSAF purification, a
molecule of 12.5 kDa was isolated from human follicular fluid of superovulated women as being identical to the carboxyl (C) terminal fragment of human
serum albumin (HSA)26. This is the only study that
showed substantial homology of the putative GnSAF
to a known portion of the human genome. In that
study, GnSAF was purified using various biochemical procedures and was identified by amino acid
sequence using mass spectrometry. In the in vitro
bioassay system, bioactivity of GnSAF in the purified material was demonstrated, while inhibin activity was not detected. Although it sounds interesting that GnSAF is the C - terminal fragment of HSA,
this is consistent with previous data showing that
several protein fragments exert biological activities,
which are different from their intact proteins27,28.
Given the above information regarding the identity
of GnSAF with the C - terminal fragment of HSA, further experiments were performed in which recombinant polypeptides of HSA were produced using the
expression - secretion system of pichia pastoris29. It
was shown then that the subdomain IIIB (residues
490 - 585) of HSA was expressed in secreted forms
8
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and supernatants from clones expressing this polypeptide reduced markedly GnRH - induced LH secretion, demonstrating thus GnSAF activity in the in
vitro bioassay system. In the same experiments, the
remaining subdomains and the full length of HSA
were inactive. These results provided further support to the findings of the study of Pappa et al, that
GnSAF is the C - terminal fragment of HSA26. However, a little later, Fowler et al30, reported two new candidate GnSAF/IF sequences 60 - 66 kDa, which were
present in culture supernatants from human granulosa/luteal cells obtained from superovulated women and from unstimulated cycles.
Although not investigated, it is possible that there
may be more than one ovarian protein that expresses activity of GnSAF under in vivo specific conditions. It is worth mentioning, however, that in the
majority of the experiments, in which purification of
GnSAF was attempted, the purified substance had a
molecular mass that was close to or above 60 kDa,
i.e. close to the molecular weight of HSA. It is not unlikely, therefore, that in these experiments the purification procedure resulted in the isolation of HSA,
which the authors of those studies probably considered the result of contamination. Therefore, a more
meticulous observation and analysis of the results
might had identified the C - terminal fragment of
HSA as the principal GnSAF candidate in agreement
with the study of Pappa et al26.
Following the results of that study26, a subsequent
study revealed the expression of HSA gene in human luteinized granulosa cells obtained from superovulated women undergoing IVF treatment31. Using
reverse transcription polymerase chain reaction
(RT - PCR) analysis of HSA, RNA transcripts and sequencing analysis of cDNA from granulosa cells, only
bands for the NH2 - and the C - terminal fragments
corresponding to HSA gene were detected in the cytoplasm, while full-length HSA mRNA transcripts
were not detectable in granulosa cells. More recently, experimental data in human luteinized granulosa cells after performing in - situ - hybridization and
immunocytochemistry showed that, in the presence
of FSH, mRNA transcripts corresponding to the C VOLUME 14, ISSUE 1, JANUARY - MARCH 2015
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terminal fragment of HSA gene were detected in intensity that was comparable to that seen by hepatic
HepG2 cells used as a positive control32.
An attempt to purify and characterize GnSIF/AF
from bovine follicular fluid was recently performed
by Hendriks et al33. Two different bioactive molecules were isolated, one heteromeric and one monomeric of 160 kDA and 40 kDA respectively, which
showed activity of GnSAF, i.e inhibition of GnRH - induced LH secretion in an in vitro bioassay system,
and attenuated the mitogen - activated protein kinases (MAPK) phosphorylation pathway. These
two GnSAF candidates did not show any similarities
with the sequence of previous ones. Nevertheless,
the NH2 - terminus of the high molecular weight
showed high homology with human β-chain of the
complement C3, while the low molecular weight
with other proteins, members of the DING - family34. The authors of that publication, based on the
NH2 - terminal sequence were able to produce a synthetic molecule of 26 amino acids, which exerted a
significant inhibitory action on GnRH - induced LH
secretion in vitro without affecting basal FSH levels33. Although the possibility that more than one
form of the molecule may exist cannot be excluded,
the above findings have contributed further to the
existing confusion regarding the nature of GnSAF.
It should be emphasized that all seven putative
GnSAF candidates isolated so far are different from
each other. Nevertheless, whatever the molecular
structure of GnSAF is, it cannot be ignored that the in
vivo bioactivity of GnSAF has been demonstrated invariably during ovarian hyperstimulation35. By definition, GnSAF attenuates the endogenous LH surge
via a significant reduction of the pituitary response
to GnRH1. Therefore, any reduction in LH secretion
is not due to a direct effect of GnSAF on the tonic secretion but only on the secretion related to the pulsatile action of GnRH.

Physiological role of GnSAF
It has been established that during the normal menstrual cycle, ovarian steroids are the principal mediators of the ovarian effects on the hypothalamVOLUME 14, ISSUE 1, JANUARY - MARCH 2015

ic - pituitary system via the feedback mechanisms.
Non - steroidal substances, however, produced by
the ovaries, such as inhibin, may also participate in
these mechanisms.

Negative feedback
The main ovarian steroids mediating the negative
feedback effect are estradiol in the follicular phase
and progesterone in the luteal phase. The negative feedback mechanism has been studied in various experiments following the administration of
exogenous hormones or by manipulating the levels of the endogenous hormones19,36-39. Clinical experiments have suggested a differential control of
FSH and LH by the ovaries40. Although the main steroidal substance produced by the ovaries in the follicular phase of the cycle is estradiol, it has been
demonstrated that the ovaries also contribute to
the circulating low concentrations of progesterone,
which also participates in the negative feedback control especially of LH secretion38,41.
In the luteal phase, it is the progesterone that controls LH and FSH secretion, however, the contribution of estradiol is also important. In experiments, in
which ovariectomy was performed in the midluteal
phase of normally cycling women, the postoperative
increase in basal FSH and LH levels was prevented
by the co - administration of the two steroids40. In
particular, estradiol alone was able to prevent the increase only for two days, while with the addition of
progesterone the increase was prevented for 7 days,
which was the total period of observation.
The non - steroidal ovarian substances, inhibin A
and inhibin B, seem to be important components of
the negative feedback mechanism that controls FSH
secretion. The evidence is derived mainly from in
vivo experiments following the administration of
these substances to animals, while clinical research
has proposed that the two inhibins are also important in humans42-47. Inhibin B is mainly produced by
follicles recruited under the intercycle rise of FSH,
while inhibin A by the corpus luteum. Therefore,
high levels of inhibin B in serum are found in the
first half of the follicular phase, while inhibin A lev9
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Figure 2. The two gonadotropin pools. GnRH stimulates the secretion of LH and FSH from the pituitary gonadotropic cells.
Estradiol (E2) and progesterone (P4) sensitize the cells to GnRH, while GnSAF antagonizes this effect

els are high in the luteal phase48.
This circulating profile of the two inhibins can explain the intercycle rise of FSH during the luteal follicular transition. In particular, the decreasing
concentrations of inhibin A in parallel with those
of estradiol and progesterone from the mid - to the
late luteal phase reduces the strength of the negative
feedback effect leading to the onset of the FSH rise
(FSH window). Thereafter, the increasing FSH levels stimulate follicle recruitment and selection. As
a result, serum estradiol and inhibin B concentrations increase, reinstating the strength of the negative feedback effect on FSH secretion and terminating the intercycle rise of this gonadotrophin. It
is evident therefore, that inhibin A contributes to
the opening and inhibin B to the closure of the FSH
window35.
Other non - steroidal substances produced by the
ovaries include activin and follistatin. Although activin is related to inhibin (dimeric product of the ‘β’
subunit of inhibin), its action is by definition opposite to that of inhibin, i.e. stimulation of FSH secretion at least in animal models49,50. Nevertheless, an
endocrine role of this substance has not been clarified51. On the other hand, follistatin is a carrier pro10

tein transferring inhibins and mainly activins to the
various tissues for action52,53. It is likely that activins
mainly play local paracrine roles in different tissues.

Positive feedback
The positive feedback effect of the ovaries on the
hypothalamic - pituitary system is mediated by estradiol. During the normal menstrual cycle, estradiol levels increase gradually from the early to the
mid - follicular phase and even more rapidly in the
late follicular phase leading to the occurrence of the
endogenous LH surge. That estradiol is the principal mediator of the positive feedback effect has
been shown in several experimental studies following the exogenous administration of this steroid to
women either in the follicular phase of the cycle or
after menopause35. Estradiol sensitizes the pituitary
to GnRH and facilitates the “self - priming effect” of
GnRH on the anterior pituitary and this is very important for the occurrence of the endogenous LH
surge54,55. The sensitizing effect of estradiol has been
shown in experiments in women with the i.v. administration of two submaximal pulses of GnRH, 10μg
each, two hours apart. The response of LH to the second pulse in the late as compared to the early follicuVOLUME 14, ISSUE 1, JANUARY - MARCH 2015
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lar phase was significantly higher than the response
to the first pulse54. This was related to the high concentrations of estradiol in the late as compared to
the early follicular phase and reflects the increased
duration of LH secretory events and consequently
the increased LH mass56. The sensitizing action of estradiol on the pituitary during the follicular phase of
the cycle is building up the pituitary reserves, which
from a physiological point of view is required for the
occurrence of the endogenous LH surge (Figure 2).
There are several possible mechanisms via which
estradiol facilitates the self - priming effect of GnRH
on the pituitary. In rats, an estradiol - induced increase in the number of GnRH receptors on the pituitary gonadotropic cells has been shown57. Also, estradiol by inhibiting GnRH metabolism may enhance
the availability of this peptide on the gonadotropic
cells58. Additionally, estradiol may decrease the concentration of GnRH that is required for the secretion
of LH, while GnRH increases the glycosylation and
polypeptide synthesis of LH59. It is also possible that
an interaction between kisspeptin and GnRH neurons may play a role in the transmission of the action
of estradiol, as kisspeptin is known to stimulate LH
secretion and the number of LH pulses when injected peripherally in women60,61.
Apart from estradiol, progesterone is another factor, which sensitizes the pituitary to GnRH during
the follicular phase of the cycle. Clinical experiments
have provided evidence indicating that the pituitary sensitivity and reserve were reduced in normal
women treated from the early to the late follicular
phase with the antiprogestagen, mifepristone62. It is
likely therefore, that progesterone even at low concentrations during the follicular phase enhances the
positive action of estradiol and facilitates the expression of the mydcycle LH surge. The action of progesterone may also contribute to the timing of the onset
of the LH surge, although data regarding an increase
in serum concentrations of this steroid a few hours
before the onset of the midcycle LH surge are conflicting63,64. Progesterone is also important locally in
the hypothalamus where it is produced under the influence of estradiol65,66. This neuroprogesterone and
VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

the local activation of the progesterone receptors in
the hypothalamus are obligatory for the generation
of the estrogen - induced LH surge in animals67,68.
The increasing serum progesterone concentrations
following the onset of the endogenous LH surge contribute to the amplification of the LH surge69. Nevertheless, the enhancing effect of progesterone on the
positive feedback, after the LH peak, is gradually diminishing and the positive effect is converted into a
negative action. This results in the decline of LH and
FSH levels and the termination of the surge70. Therefore, the two principal ovarian steroids, i.e. estradiol
and progesterone mediate both the negative and the
positive feedback effects of the ovaries on the hypothalamic - pituitary system.

Role of GnSAF
As it was mentioned, the pituitary response to GnRH
is markedly reduced in superovulated cycles1. In
these cases, a dose of 100 μg GnRH was used i.v,
which, however, cannot differentiate between the
two functionally related pools of the pituitary gonadotropic cells, i.e. the first pool or pituitary sensitivity and the second pool or pituitary reserve. The
latter can be achieved with the use of the model of
the two submaximal doses of GnRH, 10 μg each, injected two hours apart. In that model, the response
at 30 min to the first pulse represents the release of
gonadotropins from the first pool (pituitary sensitivity), while the whole area under the curve after
the injection of the second pulse represents the second pool or the pituitary reserve55. In IVF cycles superovulated with FSH, the response of LH to the two
GnRH pulses was markedly suppressed, indicating
a reduction of both the pituitary sensitivity and reserve6. Based on these findings, the reduction in the
30 - min response of LH to 10 μg GnRH (ΔLH) has
been used in several human studies as an in-vivo bioassay for GnSAF35. Changes in the ΔLH response
to GnRH are believed to reflect changes in the bioactivity of GnSAF.
By using this method in women under different
conditions, interesting information has been obtained regarding the role of GnSAF during the nor11
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Figure 3. Changes in the profile of FSH and the steroidal and non - steroidal substances during the normal menstrual cycle.
GnSAF is produced during the intercycle period under the influence of the intercycle rise of FSH. The activity of GnSAF decreases
from the mid - to the late follicular phase, facilitating the positive feedback effect of estradiol. E2 (estradiol), P4 (progesterone)

mal menstrual cycle. Specifically, experiments performed in the early follicular phase of the cycle have
demonstrated a gradual decrease in the LH response
to GnRH during the first two days at a time when
serum estradiol concentrations showed a slight but
not significant increase71. It was suggested that during that period of time, which is part of the intercycle
period, there was a significant increase in GnSAF bioactivity. Since in superovulated cycles the increased
activity of GnSAF is detected during the exogenous
administration of FSH, it is likely that the intercycle
rise of FSH was responsible for the increased production of GnSAF in the early follicular phase. Subsequent experiments in women during the mid - to late
follicular phase showed that the pituitary response
to GnRH remained unchanged until the preovulatory period, while at the same time serum estradiol
concentrations increased steadily72. This is compat12

ible with changes in LH pulsatility showing frequent
pulses of small amplitude throughout the whole follicular phase, while a marked increase in the amplitude was found at midcycle after the onset of the LH
surge73. In accordance with above results, it is suggested that the pituitary sensitivity to GnRH was enhanced by estradiol only in the late follicular phase
of the cycle.
Nevertheless, estradiol in increasing levels is expected to enhance pituitary sensitivity to GnRH at
all times and consequently to do it during the whole
follicular phase. The fact that the increase was evident only in the late follicular phase suggests that in
the early and midfollicular phase the ovaries produce a substance, which antagonizes the sensitizing action of estradiol on the pituitary response to
GnRH. This notion was supported by data in postmenopausal women treated with exogenous estraVOLUME 14, ISSUE 1, JANUARY - MARCH 2015
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diol and progesterone to simulate the normal menstrual cycle. In these experiments, serum estradiol
concentrations increased gradually to reach preovulatory levels within 14 days, simulating thus the
normal follicular phase39. It was found that under
these conditions the pituitary sensitivity to GnRH
increased from the beginning to the end of the simulated follicular phase in parallel with the increasing levels of estradiol. These results, in combination
with those in the normal menstrual cycle, support
the hypothesis of GnSAF, as the ovarian substance,
which antagonizes the sensitizing effect of estradiol
on the pituitary response to GnRH (Figure 3).
It is interesting that in the normal menstrual cycle,
a gradual decrease in the LH response to GnRH has
been demonstrated from the early to the late luteal
phase74. Whether this means that the activity of GnSAF increases during the luteal phase is not yet clear,
although high GnSAF bioactivity has been shown
during the luteal phase of superovulated cycles75.
Nevertheless, experiments performed in normal
women suggest that an increase in the bioactivity
of GnSAF occurs only during the late luteal phase of
the normal menstrual cycle40,74. The above findings
in combination with the results in the early follicular phase, support the notion that increased production of GnSAF takes place during the luteal-follicular
transition, i.e. under the influence of the intercycle
rise of FSH (Figure 3).
Ιt is evident from the above discussion that GnSAF is possibly part of the mechanism, which controls the secretion of LH during the normal menstrual cycle. The role of GnSAF is restricted to the luteal
- follicular transition, while its bioactivity from the
mid - to the late follicular phase is gradually diminishing. It sounds logical, therefore, that this factor
is produced by the follicles that are recruited under
the intercycle rise of FSH, from which the dominant
follicle will be selected. Based on the profile of its bioactivity, it is suggested that GnSAF is produced by
the small growing follicles rather than by the selected dominant follicle76,77.
From a physiological point of view, the high bioactivity of GnSAF during the early and midfollicuVOLUME 14, ISSUE 1, JANUARY - MARCH 2015

lar phase prevents the increase in the response of
LH to GnRH by antagonizing the sensitizing action
of estradiol on the pituitary gonadotrophs. In this
context, GnSAF maintains the pituitary in a state
of low responsiveness to GnRH during the greater
part of the follicular phase, contributing thus to the
preservation of low LH levels at that stage of the cycle. It is only at the end of the follicular phase when
high levels of LH in the form of a surge are required
for the final oocyte maturation39. Although estradiol and progesterone mediate the negative feedback
on the tonic secretion of LH in the follicular phase,
GnSAF seems to be the missing factor that limits the
LH response to GnRH pulses. That LH levels should
remain low during the follicular phase of the cycle is
in accordance with the “LH ceiling concept”, an important issue for the normality of the menstrual cycle. If the ceiling is exceeded, LH will become detrimental to the follicle with suppression of granulosa
cells proliferation and initiation of atresia in immature follicles or premature luteinization in preovulatory follicles78.
It is evident, therefore, that GnSAF is a molecule
with a negative action on LH secretion. However, its
decreasing bioactivity from the mid- to the late follicular phase seems to facilitate the positive action
of estradiol and the full expression of the LH surge79.
When the bioactivity of GnSAF, instead of decreasing remains high, as during ovarian hyperstimulation with FSH, the positive feedback effect is variably
disturbed from slight attenuation to complete inhibition35. From a physiological point of view, GnSAF
is considered a regulator of the amplitude of the LH
surge. This factor may also participate in the timing
of the onset of the LH surge. Estradiol is the principal ovarian signal, which activates the positive feedback mechanism and triggers the midcycle LH surge.
Progesterone contributes by enhancing the sensitizing action of estradiol on the pituitary response to
GnRH. GnSAF may also participate by its reduced
production in the late follicular phase, facilitating
thus the positive effect of the other two factors. It is
evident that the timing of the onset of the midcycle
LH surge is driven by a balance between the activity
13
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of estradiol and progesterone on one hand and the
activity of GnSAF on the other hand. Nevertheless,
the occurrence of a premature LH surge in several superovulated cycles, despite the high bioactivity
of GnSAF in the circulation, indicates that this substance is less likely to play a role in timing the onset
and more possible to participate in the control of the
amplitude of the LH surge.
The importance of GnSAF in the early to midfollicular phase can be also concluded from findings
indicating that the estrogen - induced LH surge is
significantly reduced both in amplitude and duration as compared to the midcycle LH surge. Under
these conditions, the administration of small doses of progesterone amplified the LH surge, which
approximated then the dimension of the midcycle
surge, although a proper comparison was not performed80. Nevertheless, in another study, the LH
surge that was induced in the early to midfollicular phase by either estradiol alone or estradiol plus
progesterone was significantly smaller than that at
midcycle81. These data can be explained by the reduced production of GnSAF from the midfollicular
phase onwards, although Taylor et al81, tried to explain the smaller LH surge in the early to midfollicular phase on the basis of missing ovarian factors
that are required to amplify the LH surge. As yet, no
such factors have been identified in the ovary. Furthermore, experiments performed in postmenopausal women provided similar information with that in
the midfollicular phase regarding the dimension of
the LH surge80.
The mechanism of action of GnSAF at the hypothalamic - pituitary level is not known. A reduced
response of LH to GnRH has been shown in several
studies35. As it was mentioned, the progesterone receptors in the hypothalamus play an important role
in the expression of the positive feedback mechanism67. Several studies have attempted to investigate the mechanism of action of GnSAF at the central nervous system. Overall, it has been shown that
a reduced phosphorylation/activation of progesterone receptors in the pituitary gonadotropic cells
may be involved in the decreased synthesis and re14

lease of LH that is induced by GnSAF in animals82-84.

Conclusions
Accumulated evidence has demonstrated that GnSAF is the missing ovarian factor in the normal menstrual cycle that is responsible for the unchanged
sensitivity of the pituitary to GnRH during the early
and midfollicular phase of the cycle, so that the release of LH is limited to amounts creating a certain
low level of this hormone, which by any means is adequate for normal folliculogenesis. It is evident that
GnSAF is not part of the classical negative feedback
mechanism, which is responsible for the reduced
tonic secretion of gonadotropins, a process that is
controlled by the ovarian steroids. This factor seems
to affect the pulsatile process of LH release that is
controlled by GnRH. Therefore, GnSAF is a factor the
action of which affects the dynamic aspects of LH secretion, being a negative influence in the context of
the positive feedback mechanism.
Conflict of interest
All authors declare no conflict of interest.
References
1.

2.

3.

4.

5.

Messinis IE, Templeton AA. Pituitary response to exogenous LHRH in superovulated women. J Reprod
Fertil 1989;87:633-9.
Messinis IE, Templeton A, Baird DT. Endogenous luteinizing hormone surge during superovulation induction with sequential use of clomiphene citrate and
pulsatile human menopausal gonadotropin. J Clin
Endocrinol Metab 1985;61:1076-80.
Messinis IE, Templeton A, Baird DT. Endogenous luteinizing hormone surge in women during induction of multiple follicular development with pulsatile follicle stimulating hormone. Clin Endocrinol
1986;24:193-201.
Messinis IE, Templeton A. The effect of pulsatile follicle stimulating hormone on the endogenous luteinizing hormone surge in women. Clin Endocrinol
1986;25:633-40.
Schenken RS, Hodgen GD. Follicle - stimulating hormone induced ovarian hyperstimulation in monkeys:

VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

www.hjog.org

6.

7.

8.

9.

10.

11.

12.

13.

14.

Gonadotropin surge attenuating factor: Α physiological regulator

blockade of the luteinizing hormone surge. J Clin Endocrinol Metab 1983;57:50-5.
Messinis IE, Templeton A. Attenuation of gonadotrophin release and reserve in superovulated women by gonadotrophin surge attenuating factor (GnSAF). Clin Endocrinol 1991;34:259-63.
Templeton A, IE Messinis, Baird DT. Characteristics of
ovarian follicles in spontaneous and stimulated cycles in which there was an endogenous luteinizing
hormone surge. Fertil Steril 1986;46:1113-17.
Messinis IE, Templeton AA. Endocrine and follicle
characteristics of cycles with and without endogenous luteinizing hormone surges during superovulation induction with pulsatile follicle - stimulating hormone. Hum Reprod 1987;2:11-6.
Glasier A, Thatcher SS, Wickings EJ, Hillier SG, Baird
DT. Superovulation with exogenous gonadotropins
does not inhibit the luteinizing hormone surge. Fertil Steril 1988;49:81-5.
Janssens RM, Lambalk CB, Vermeiden JP, et al.
Dose-finding study of triptorelin acetate for prevention of a premature LH surge in IVF: a prospective, randomized, double - blind, placebo-controlled
study. Hum Reprod 2000;15:2333-40.
Dal Prato L, Borini A, Coticchio G, Cattoli M, Flamigni
C. Half-dose depot triptorelin in pituitary suppression
for multiple ovarian stimulation in assisted reproduction technology: a randomized study. Hum Reprod
2004;19:2200-5.
Borm G, Mannaerts B. Treatment with the gonadotrophin - releasing hormone antagonist ganirelix in
women undergoing ovarian stimulation with recombinant follicle stimulating hormone is effective, safe
and convenient: results of a controlled, randomized,
multicentre trial. The European Orgalutran Study
Group. Hum Reprod 2000;15:1490-8.
Felberbaum RE, Albano C, Ludwig M, et al. Ovarian
stimulation for assisted reproduction with HMG and
concomitant midcycle administration of the GnRH
antagonist cetrorelix according to the multiple dose
protocol: a prospective uncontrolled phase III study.
Hum Reprod 2000;15:1015-20.
Albano C, Felberbaum RE, Smitz J, et al. Ovarian stimulation with HMG: results of a prospective randomized

VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

15.

16.

17.

18.

19.

20.

21.

22.

23.

phase III European study comparing the luteinizing
hormone - releasing hormone (LHRH)-antagonist cetrorelix and the LHRH - agonist buserelin. European
Cetrorelix Study Group. Hum Reprod 2000;15:526-31.
Engel JB, Ludwig M, Felberbaum R, Albano C, Devroey P, Diedrich K. Use of cetrorelix in combination with clomiphene citrate and gonadotrophins:
a suitable approach to ‘friendly IVF’? Hum Reprod
2002;17:2022-6.
Messinis IE, Loutradis D, Domali E, et al. Alternate day
and daily administration of GnRH antagonist may
prevent premature luteinization to a similar extent
during FSH treatment. Hum Reprod 2005;20:3192-7.
Messinis IE, Vanakara P, Zavos A, Verikouki C, Georgoulias P, Dafopoulos K. Failure of the GnRH antagonist ganirelix to block the positive feedback effect of
exogenous estrogen in normal women. Fertil Steril 2010;94:1554-6.
Griesinger G, Dawson A, Schultze - Mosgau A, Finas D,
Diedrich K, Felberbaum R. Assessment of luteinizing
hormone level in the gonadotropin-releasing hormone antagonist protocol. Fertil Steril 2006;85:791-3.
Messinis IE, Milingos S, Zikopoulos K, Hasiotis G, Seferiadis K, Lolis D. Luteinizing hormone response to
gonadotrophin - releasing hormone in normal women undergoing ovulation induction with urinary or
recombinant follicle stimulating hormone. Hum Reprod 1998;13:2415-20.
Al-Inany HG, Youssef MA, Aboulghar M, et al. Gonadotrophin - releasing hormone antagonists for assisted reproductive technology. Cochrane Database Syst
Rev 2011:CD001750.
Fowler PA, Sorsa - Leslie T, Harris W, Mason HD. Ovarian gonadotrophin surge - attenuating factor (GnSAF): where are we after 20 years of research? Reproduction. 2003;126:689-99.
Fowler PA, Templeton A, Messinis IE. The ovarian
modulation of gonadotrophin releasing hormone induced luteinizing hormone secretion in women.
Hum Reprod 1993;8 (Suppl 2):112-6.
Tio S, Koppenaal D, Bardin CW, Cheng CY. Purification
of gonadotropin surge - inhibiting factor from Sertoli
cell - enriched culture medium. Biochem Biophys Res
Commun 1994;199:1229-36.

15

Gonadotropin surge attenuating factor: Α physiological regulator

24. Danforth DR, Cheng CY. Purification of a candidate
gonadotropin surge inhibiting factor from porcine
follicular fluid. Endocrinology 1995;136:1658-65.
25. Mroueh JM, Arbogast LK, Fowler P, Templeton AA,
Friedman CI, Danforth DR. Identification of gonadotrophin surge-inhibiting factor (GnSIF)/attenuin in
human follicular fluid. Hum Reprod 1996;11:490-6.
26. Pappa A, Seferiadis K, Fotsis T, et al. Purification
of a candidate gonadotrophin surge attenuating factor from human follicular fluid. Hum Reprod
1999;14:1449-56.
27. O’Reilly MS, Holmgren L, Shing Y, et al. Angiostatin: a
novel angiogenesis inhibitor that mediates the suppression of metastases by a Lewis lung carcinoma.
Cell 1994;79:315-28.
28. O’Reilly MS, Boehm T, Shing Y, et al. Endostatin: an
endogenous inhibitor of angiogenesis and tumor
growth. Cell 1997;88:277-85.
29. Tavoulari S, Frillingos S, Karatza P, Messinis IE, Seferiadis K. The recombinant subdomain IIIB of human serum albumin displays activity of gonadotrophin surge-attenuating factor. Hum Reprod 2004;19:
849-58.
30. Fowler PA, Sorsa - Leslie T, Cash P, et al. A 60-66 kDa
protein with gonadotrophin surge attenuating factor
bioactivity is produced by human ovarian granulosa
cells. Mol Hum Reprod 2002;8:823-32.
31. Karligiotou E, Kollia P, Kallitsaris A, Messinis IE. Expression of human serum albumin (HSA) mRNA in
human granulosa cells: potential correlation of the
95 amino acid long carboxyl terminal of HSA to gonadotrophin surge - attenuating factor. Hum Reprod
2006;21:645-50.
32. Karligiotou E, Kollia P, Papaggeli P, et al. FSH modulatory effect on human granulosa cells: a gene - protein
candidate for gonadotrophin surge - attenuating factor. Reprod Biomed Online 2011;23:440-88.
33. Hendriks ML, Lambalk CB, Helder MN, de Koning J. Purification of a candidate gonadotrophin surge - inhibiting/attenuating factor (GnSIF/AF) showing MAPK as
a possible target. Mol Reprod Dev 2011;78:292-304.
34. Berna A, Bernier F, Scott K, Stuhlmüller B. Ring up the
curtain on DING proteins. FEBS Lett 2002;524:6-10.
35. Messinis IE. Ovarian feedback, mechanism of action

16

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

www.hjog.org

and possible clinical implications. Hum Reprod Update 2006;12:557-71.
Tsai CC, Yen SS. The effect of ethinyl estradiol administration during early follicular phase of the cycle on
the gonadotropin levels and ovarian function. J Clin
Endocrinol Metab 1971;33:917-23.
Yen SS, Tsai CC. The effect of ovariectomy on gonadotropin release. J Clin Invest 1971;50:1149-53.
Alexandris E, Milingos S, Kollios G, Seferiadis K, Lolis D,
Messinis IE. Changes in gonadotrophin response to
gonadotrophin releasing hormone in normal women following bilateral ovariectomy. Clin Endocrinol
1997;47:721-6.
Dafopoulos K, Kotsovassilis CG, Milingos S, et al.
Changes in pituitary sensitivity to GnRH in estrogen - treated post - menopausal women: evidence
that gonadotrophin surge attenuating factor plays
a physiological role. Hum Reprod 2004;19:1985-92.
Messinis IE, Milingos S, Alexandris E, Mademtzis I,
Kollios G, Seferiadis K. Evidence of differential control of FSH and LH responses to GnRH by ovarian
steroids in the luteal phase of the cycle. Hum Reprod
2002;17:299-303.
Messinis IE, Krishnan M, Kazem R, Khadilkar S, Templeton AA. Effect of mifepristone on folliculogenesis
in women treated with recombinant FSH. Clin Endocrinol 1997;46:309-14.
Rivier C, Rivier J, Vale W. Inhibin - mediated feedback
control of follicle-stimulating hormone secretion in
the female rat. Science 1986;234:205-8.
Stouffer RL, Dahl KD, Hess DL, Woodruff TK, Mather
JP, Molskness TA. Systemic and intraluteal infusion
of inhibin A or activin A in rhesus monkeys during
the luteal phase of the menstrual cycle. Biol Reprod
1994;50:888-95.
Molskness TA, Woodruff TK, Hess DL, Dahl KD,
Stouffer RL. 1996. Recombinant human inhibin - A
administered early in the menstrual cycle alters concurrent pituitary and follicular, plus subsequent luteal, function in rhesus monkeys. J Clin Endocrinol Metab 1996;81:4002-6.
Klein NA, Illingworth PJ, Groome NP, McNeilly AS,
Battaglia DE, Soules MR. Decreased inhibin B secretion is associated with the monotropic FSH rise in

VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

www.hjog.org

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Gonadotropin surge attenuating factor: Α physiological regulator

older, ovulatory women: a study of serum and follicular fluid levels of dimeric inhibin A and B in spontaneous menstrual cycles. J Clin Endocrinol Metab
1996;81:2742-5.
Burger HG, Cahir N, Robertson DM, et al. Serum inhibins A and B fall differentially as FSH rises in perimenopausal women. Clin Endocrinol 1998;49:550.
Muttukrishna S, Sharma S, Barlow DH, Ledger W,
Groome N, Sathanandan M. Serum inhibins, estradiol, progesterone and FSH in surgical menopause: a
demonstration of ovarian pituitary feedback loop in
women. Hum Reprod 2002;17:2535-9.
Groome NP, Illingworth PJ, O’Brien M, et al. Measurement of dimeric inhibin B throughout the human menstrual cycle. J Clin Endocrinol Metab
1996;81:1401-5.
Ling N, Ying SY, Ueno N, et al. A homodimer of the beta-subunits of inhibin A stimulates the secretion of
pituitary follicle stimulating hormone Biochem Biophys Res Commun 1986;138:1129-37.
Vale W, Rivier J, Vaughan J, et al. Purification and characterization of an FSH releasing protein from porcine
ovarian follicular fluid. Nature 1986;321:776-9.
Muttukrishna S, Fowler PA, George L, Groome NP,
Knight PG. Changes in peripheral serum levels of total activin A during the human menstrual cycle and
pregnancy. J Clin Endocrinol Metab 1996;81:3328-34.
Nakamura T, Takio K, Eto Y, Shibai H, Titani K, Sugino
H. Activin-binding protein from rat ovary is follistatin.
Science 1990;247:836-8.
McConnell DS, Wang Q, Sluss PM, et al. A two-site
chemiluminescent assay for activin - free follistatin
reveals that most follistatin circulating in men and
normal cycling women is in an activin-bound state. J
Clin Endocrinol Metab 1998;83:851-8.
Lasley BL, Wang CF, Yen SS. The effects of estrogen and progesterone on the functional capacity of the gonadotrophs. J Clin Endocrinol Metab
1975;41:820-6.
Wang CF, Lasley BL, Lein A, Yen SS. The functional changes of the pituitary gonadotrophs during the menstrual cycle. J Clin Endocrinol Metab
1976;42:718-28.
Quyyumi SA, Pinkerton JV, Evans WS, Veldhuis JD.

VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

57.

58.

59.

60.

61.

62.

63.

64.

65.

Estradiol amplifies the amount of luteinizing hormone (LH) secreted in response to increasing doses
of gonadotropin - releasing hormone by specifically augmenting the duration of evoked LH secretory
events and hence their mass. J Clin Endocrinol Metab 1993;76:594-600.
Laws SC, Webster JC, Miller WL. Estradiol alters the
effectiveness of gonadotropin - releasing hormone
(GnRH) in ovine pituitary cultures: GnRH receptors versus responsiveness to GnRH. Endocrinology
1990;127:381-6.
Danforth DR. Elkind-Hirsch K, Hodgen GD. In vivo and
in vitro modulation of gonadotropin - releasing hormone metabolism by estradiol and progesterone. Endocrinology 1990;127:319-24.
Ramey JW, Highsmith RF, Wilfinger WW, Baldwin DM.
The effects of gonadotropin - releasing hormone
and estradiol on luteinizing hormone biosynthesis
in cultured rat anterior pituitary cells. Endocrinology 1987;120:1503-13.
Dhillo WS, Chaudhri OB, Thompson EL, et al. Kisspeptin - 54 stimulates gonadotropin release most
potently during the preovulatory phase of the menstrual cycle in women. J Clin Endocrinol Metab
2007;92:3958-66.
Jayasena CN, Comninos AN, Veldhuis JD et al. A single
injection of kisspeptin - 54 temporarily increases luteinizing hormone pulsatility in healthy women. Clin
Endocrinol 2013;79:558-63.
Kazem R, Messinis IE, Fowler P, Groome NP, Knight PG,
Templeton AA. Effect of mifepristone (RU486) on the
pituitary response to gonadotrophin releasing hormone in women. Hum Reprod 1996;11: 2585-90.
Hoff JD, Quigley ME, Yen SS. Hormonal dynamics at
midcycle: a reevaluation. J Clin Endocrinol Metab
1983;57:792-6.
Djahanbakhch O, McNeilly AS, Warner PM, Swanston
IA, Baird DT. Changes in plasma levels of prolactin, in
relation to those of FSH, oestradiol, androstenedione
and progesterone around the preovulatory surge of
LH in women. Clin Endocrinol 1984;20:463-72.
Miyake A, Tasaka K, Kawamura Y, Sakumoto T, Aono
T. Progesterone facilitates the LRH releasing action of
oestrogen. Acta Endocrinol 1982;101:321-4.

17

Gonadotropin surge attenuating factor: Α physiological regulator

66. Soma KK, Sinchak K, Lakhter A, Schlinger BA, Micevych PE. Neurosteroids and female reproduction: estrogen increases 3beta - HSD mRNA and activity in
rat hypothalamus. Endocrinology 2005;146:4386-90.
67. Chappell PE, Schneider JS, Kim P, et al. Absence of
gonadotropin surges and gonadotropin - releasing
hormone self - priming in ovariectomized (OVX), estrogen (E2) - treated, progesterone receptor knockout (PRKO) mice. Endocrinology 1999;140:3653-8.
68. Micevych P, Sinchak K, Mills RH, Tao L, LaPolt P, Lu JK.
The luteinizing hormone surge is preceded by an
estrogen - induced increase of hypothalamic progesterone in ovariectomized and adrenalectomized
rats. Neuroendocrinology 2003;78:29-35.
69. Messinis IE, Templeton AA. Effects of supraphysiological concentrations of progesterone on the characteristics of the oestradiol - induced gonadotrophin surge in women. J Reprod Fertil 1990;88:513-9.
70. Dafopoulos K, Mademtzis I, Vanakara P, et al. Evidence that termination of the estradiol-induced
luteinizing hormone surge in women is regulated by ovarian factors. J Clin Endocrinol Metab
2006;91:641-5.
71. Messinis IE, Hirsch P, Templeton AA. Follicle stimulating hormone stimulates the production of gonadotrophin surge attenuating factor (GnSAF) in vivo.
Clin Endocrinol 1991;35:403-7.
72. Messinis IE, Lolis D, Zikopoulos K, Tsahalina E, Seferiadis K, Templeton AA. Effect of an increase in FSH on
the production of gonadotrophin - surge - attenuating factor in women. J Reprod Fertil 1994;101:689-95.
73. Adams JM, Taylor AE, Schoenfeld DA, Crowley WF Jr,
Hall JE. The midcycle gonadotropin surge in normal
women occurs in the face of an unchanging gonadotropin - releasing hormone pulse frequency. J Clin
Endocrinol Metab 1994;79:858-64.
74. Messinis IE, Koutsoyiannis D, Milingos S, et al. Changes in pituitary response to GnRH during the luteal follicular transition of the human menstrual cycle.
Clin Endocrinol 1993;38:159-63.
75. Messinis IE, MacTavish A, Templeton AA. Activity of
gonadotrophin surge - attenuating factor during the
luteal phase in superovulated women. J Reprod Fertil 1993;97:271-5.

18

www.hjog.org

76. Fowler PA, Sorsa T, Harris WJ, Knight PG, Mason HD.
Relationship between follicle size and gonadotrophin surge attenuating factor (GnSAF) bioactivity
during spontaneous cycles in women. Hum Reprod
2001;16:1353-8.
77. Dimitraki M, Messini CI, Dafopoulos K, et al. Attenuating activity of the ovary on LH response to GnRH during the follicular phase of the cycle. Clin Endocrinol
2014;80:439-43.
78. Loumaye E, Engrand P, Shoham Z, Hillier SG, Baird
DT. Clinical evidence for an LH ‘ceiling’ effect induced
by administration of recombinant human LH during
the late follicular phase of stimulated cycles in World
Health Organization type I and type II anovulation.
Hum Reprod 2003;18:314-22.
79. Messinis IE, Messini CI, Dafopoulos K. Novel aspects
of the endocrinology of the menstrual cycle. Reprod
Biomed Online 2014;28:714-22.
80. Liu JH, Yen SS. 1983. Induction of midcycle gonadotropin surge by ovarian steroids in women: a critical
evaluation. J Clin Endocrinol Metab 1983;57:797-802.
81. Taylor AE, Whitney H, Hall JE, Martin K, Crowley WF
Jr. Midcycle levels of sex steroids are sufficient to
recreate the follicle - stimulating hormone but not
the luteinizing hormone midcycle surge: evidence
for the contribution of other ovarian factors to the
surge in normal women. J Clin Endocrinol Metab
1995;80:1541-7.
82. Gordon A, Garrido - Gracia JC, Aguilar R, Sánchez-Criado JE. Ovarian stimulation with FSH in the rat reduces
proestrous GnRH - dependent LH secretion through
a dual mechanism: inhibition of LH synthesis and release. Neurosci Lett 2009;460:219-22.
83. Gordon A, Aguilar R, Garrido-Gracia JC et al. Human
follicular fluid from superovulated women inhibits progesterone receptor - dependent gonadotropin-releasing hormone self - priming in an estrous cycle-dependent manner in the rat. J Endocrinol Invest
2010;33:564-70.
84. Gordon A, Garrido - Gracia JC, Sánchez-Criado JE,
Aguilar R. Involvement of rat gonadotrope progesterone receptor in the ovary - mediated inhibitory action of FSH on LH synthesis. J Physiol Biochem
2011;67:145-51.

VOLUME 14, ISSUE 1, JANUARY - MARCH 2015

