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Abstract: In 1980, Espey proposed a famous hypothesis that mammalian ovulation is comparable to an inflammatory reaction and many
researches have proved the validity of his hypothesis in the last three decades. For example, interleukin (IL)-1f, IL-6, tumor necrosis fac-
tor (TNF)-o., granulocyte-macrophage colony-stimulating factor (GM-CSF), macrophage colony-stimulating factor (M-CSF) and other
inflammatory cytokines presence was proven in the preovulatory follicle. Since granulocyte is the major leukocyte and it plays a very

important role during inflammation, the importance of granulocyte and its related cytokine, granulocyte colony-stimulating factor (G-

CSF) in the mechanism of human ovulation is easily predictable. G-CSF is one of the hemopoietic cytokines and it has strong positive ef-
fects on granulocytes. G-CSF increases the number of granulocytes and it improves the function of granulocytes. In this review, the par-

ticipation of leukocytes in the ovulation mechanism is demonstrated first. Second, the participation of G-CSF is shown in comparison

with the above mentioned cytokines. Finally, since G-CSF has been used for more than 20 years as a medicine without severe side effects
in the field of oncology, the clinical application of G-CSF for the treatment of an ovulation disorder, luteinized unruptured follicle (LUF),

will be discussed.
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1. INTRODUCTION

Ovulation is a pivotal event in the female reproductive system.
Its mechanism in the ovary is initiated by the luteinizing hormone
(LH)-surge from the pituitary gland and terminates at 36 hours after
the LH-surge in humans with the rupture of the follicle by a
“physiologic injury” to the follicular wall followed by the discharge
of the oocyte. During this period, the leading follicle increases its
size to 20 mm in diameter and it disappears by ovulation. Due to its
importance in reproduction, the clarification of the ovulation
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Reich (1999) [6] and others revealed the progress of the research.
Although early research was performed mainly using animal mod-
els, such as rats, rabbits and ewes, the recent prevalence of assisted
reproductive technology (ART) has brought much information on
human ovulation. Since we discuss human ovulation in this review,
the data presented is mainly human data unless otherwise noted.

In regard to the rupture of the follicular wall in mammalian
ovulation, the following theory has obtained consensus at present
(Fig. (1)). The ovarian blood flow shows a rapid increase as 116.6 +
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Fig. (1).

Fig. (1). Mechanism of ovulation. Details in the text.

mechanism in the ovary has been a great concern in the fields of
Reproductive Physiology, Obstetrics and Gynecology. The reviews
by Hartman (1932) [1], Asdell (1962) [2], Espey (1980) [3], Thi-
bault and Levasseur (1988) [4], Le Maire (1989) [5], Tsafriri and
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43 % (M + SEM) at 15 min, 122.1 + 5.1 % at 30 min following
human chorionic gonadotropin (hCG) administration and maintains
its high level percentage during the subsequent 2 to 4 h, showing
the peak with 156.2 £ 9.1 % (100 % = before hCG administration)
in rabbits [7]. Spectrophotometric study shows that the ovary was
engorged by the increased blood flow in rats [8]. Also in humans,
Waseda et al. [9] revealed the immediate increase of ovarian blood
flow after hCG injection in patients treated by clomiphene citrate

© 2008 Bentham Science Publishers Ltd.



G-CSF in the Mechanism of Human Ovulation

(CC) — hCG and human menopausal gonadotropin (hMG) — hCG.
Vascular endothelial growth factor (VEGF), which stimulates vas-
cular permeability, showed increased expression by ovulatory go-
nadotropin stimulus in the rat ovary [10]. VEGF was present also in
the human follicle [11]. VEGF and other substances increased the
vascular permeability [3, 5]. By the additive effects of the increased
blood flow and the increased vascular permeability, the amount of
follicular fluid increases with the course of time and the follicle
swells up. On the other hand, proteolytic enzymes activity in the
follicular wall increased during preovulatory period [12]. These
enzymes activity facilitates remodeling of the follicular wall, result-
ing in a decrease in the thickness of the follicular wall. Recently,
Liu et al. [13] showed that plasminogen - deficient mice treated
with the broad — spectrum matrix metalloproteinase (MMP) inhibi-
tor galardin had successful ovulation. However even in their study,
there was a mild (18 — 20%) reduction in ovulation efficiency. It
means that such proteolytic enzymes play some roles in the mecha-
nism of follicle rupture. Since the proteolytic enzymes that partici-
pated in tissue remodeling of the follicular wall were not only MMP
and plasminogen activator (PA) but also cathepsin-L, pregnancy
associated plasma protein A (PAPP-A), etc. [14], it is strongly
speculated that other proteolytic enzymes compensate for the lack
of MMP and PA in such mice. In addition, there is also the possibil-
ity that increased follilcular fluid can rupture the follicular wall. In
conclusion, as a balloon bursts by over inflation, increased follicu-
lar fluid ruptures the thinner follicular wall and the oocyte is ex-
pelled from the follicle as shown in Fig. (1).

In 1980, Espey [3] proposed a famous hypothesis, ovulation as
an inflammatory reaction, based on hyperemia by increased blood
flow, connective tissue remodeling and many other similarities. His
hypothesis was widely accepted and much fruitful research was
performed in the last 3 decades. For example, interleukin (IL)-
1[15], IL-6 [16], tumor necrosis factor (TNF) - o [17], granulocyte
- macrophage colony-stimulating factor (GM-CSF) [18], macro-
phage colony-stimulating factor (M-CSF) [19, 20] and the presence
of other inflammatory cytokines was proven in the preovulatory
follicle. Since granulocyte is the major leukocyte and it plays a very
crucial role during inflammation, the importance of granulocyte
colony - stimulating factor (G-CSF) in the mechanism of human
ovulation is easily predictable. However, little attention was paid to
the relation between G-CSF and ovulation. In this review, we first
discuss the participation of leukocyte in the ovulation mechanism
and then the participation of G-CSF. Finally, the clinical applica-
tions of G-CSF in reproductive medicine will be demonstrated.

2. LEUKOCYTES IN OVULATION MECHANISM

Although the effect of the normal menstrual cycle on the leuko-
cyte counts has frequently been investigated, the results showed no
significant increases of leukocyte count around ovulation [21, 22,
23]. However, examining the data presented in the literature, a mild
non-significant increase of leukocyte around ovulation was ob-
served in many studies [21, 22]. Moreover, the leukocyte activity
for alkaline phosphatase showed a significant increase at the ovula-
tory period even in the studies around 1970 [24, 25]. Furthermore,
women undergoing ovulation induction by gonadotropin revealed
leukocytosis [26, 27] and the increased polymorphonuclear leuko-
cytes in peripheral blood at the ovulatory period were in an acti-
vated state [28]. These results in humans pointed out the importance
of leukocytes in the mechanism of ovulation. More obvious reports
on the participation of leukocytes in ovulation were obtained by
animal studies. Hellberg et al. [29] reported that the LH - induced
ovulation in the in vitro - perfused rat ovary increased more than 2
times by the supplementation of leukocytes. Using a neutrophil -
depleting monoclonal antibody, the ovulation rate in rats decreased
to 27% [30]. These findings conform well to the Espey’s hypothesis
that mammalian ovulation is compatible to an inflammatory reac-
tion [3]. Although he himself presented the involvement of leuko-
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cytes and macrophages in ovulation in 1980, Espey wrote in his
later review in 1994 [31] that the central role of leukocytes in ovu-
lation was doubtful. The basis of this change was the lack of evi-
dence that leukocytes migrated into the connective tissue layers in a
position where they could degrade the follicle wall. Moreover,
Chun et al. [32] showed in rats that severe leukocyte depletion by
vinblastine sulfate and cyclophosphamide did not affect follicular
rupture. However, since this report was based on only 4 — 6 ani-
mals, it didn’t have much statistical power. At least in humans,
localization of leukocyte subsets in the follicle wall was clarified by
Brannstrom et al. [33]. The presence of various leukocytes in fol-
licular fluid and their production of proteolytic enzymes were also
reported [34, 35]. It is common sense that cytotoxic therapy induces
ovarian failure in humans [36, 37, 38]. Based on these findings, the
central role of leukocytes in ovulation is evident in humans.

The accumulation of leukocytes in follicles just before ovula-
tion in animals was pointed out by Zachariae et al. [39], Zackrisson
et al. [40] and others. Early researches were mainly interested in
basophils among subsets of leukocytes. Later studies revealed that
not only basophils but also neutrophils [41, 42, 43] and macro-
phages [43, 44] were detected in great numbers in ovulating folli-
cles. Also in humans, an increase of neutrophils and macrophages
in the follicle wall was observed a few hours after LH-surge and the
high population of cells was observed just before and after follicu-
lar rupture [33]. Neutrophils and macrophages are multifunctional
cells which secrete classical ovulatory mediators such as eicosa-
noids, platelet activating factor and proteolytic enzymes. Secreting
these mediators, leukocytes mainly participate in the dissociation
and digestion of the follicular wall and lead to ovulation.

3. G-CSF IN OVULATION MECHANISM

In spite of the similarity of ovulation with inflammation and its
dominant presence during ovulation, granulocyte and its related
cytokine, G-CSF attracted little attention in ovulation research [45].
Instead of granulocyte, eosinophil and later macrophage were the
focus of much study. Inflammatory cytokines, IL-1B3[46], IL-6 [16,
46], TNF-0.[17], GM-CSF [18, 47] and M-CSF [20, 48, 49] were
detected in human follicular fluid and their relevance to the human
ovulatory process was discussed. Comparing G-CSF with these
cytokines, the involvement of G-CSF in the ovulation mechanism
will be revealed.

3.1. Follicular Fluid / Serum Concentration Ratio of G-CSF and
Other Cytokines

ART including in vitro fertilization and embryo transfer (IVF-
ET) (Fig. (2)) led to many discoveries in the human ovulatory proc-
ess. Especially, collected follicular fluid at oocyte retrieval, which
was carried out just before ovulation, was very informative to intra-
follicular physiology. The presence of the above mentioned cytoki-
nes in human follicular fluid just before follicle rupture was pointed
out. However, if the cytokines participate in the mechanism of fol-
licle rupture, the concentrations in the follicular fluid must be
higher than those of serum. Although there are many reports on the
follicular fluid and serum concentrations of cytokines, these reports
measured only one or a few cytokines and the value varies much
among reports. For example, the follicular fluid / serum concentra-
tions’ ratio of M-CSF was reported as 1.3 by Nishimura et al. [20]
and as more than 10 by Salmassi ez a/. [49]. Fujii [50] measured the
follicular fluid and serum concentrations of these cytokines and G-
CSF in the same samples at oocyte retrieval (Table (1)). Based on
his data, only IL-6, M-CSF and G-CSF showed significantly higher
concentrations in follicular fluid than in serum. IL-1Brevealed no
significant differences. TNF-o. and GM-CSF showed lower concen-
trations in follicular fluid. Moreover, G-CSF showed the highest
follicular fluid / serum concentration ratio at 2.40 and the signifi-
cance (p value) was the highest among IL-6, M-CSF and G-CSF.
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Fig. (2). Procedure for IVF-ET. GnRHa: gonadotropin-releasing hormone agonist; hMG: human menopausal gonadotropin; hCG: human chorionic gonadotro-

pin.

Table 1. Concentrations of Cytokines in Follicular Fluid and Serum from IVF Patients Measured by Fujii [S0]

Cytokines Serum (S) Follicular Fluid (FF) FF/S p value
TNF-a [pg/ml] 6.54+0.53 5.11+£0.40 0.78 <0.05
IL-1B [pg/ml] 2.1240.56 1.67+0.06 0.79 N.S.
IL-6 [pg/ml] 2.334+0.30 3.96+0.25 1.69 <0.01
GM-CSF [pg/ml] 2.00+0.13 1.38+0.04 0.69 <0.01
M-CSF [U/ml] 859.8+92.1 1239.8+91.2 1.44 <0.05
G-CSF [pg/ml] 30.7143.55 73.75+5.51 2.40 <0.001

The data was shown as Mean+SEM. Statiscal differences were evaluated by Mann-Whitney U test.

3.2. Changes of Serum Concentrations of G-CSF and Other
Cytokines During the Normal Menstrual Cycle and Ovarian
Stimulation

Makinoda et al. [51] reported that G-CSF showed a significant
increase during the ovulatory phase compared with other phases.
They later measured the changes of serum concentrations of IL-1,
IL-6 and G-CSF during the normal menstrual cycle [22]. The re-
sults were that only G-CSF showed a significant increase during the
ovulatory phase. Fujii [S0] examined the changes of serum concen-
trations of various cytokines in patients receiving ovarian stimula-
tion. He revealed that only G-CSF showed a significant increase on
Day -5 ~ -1 (Day 0 = ovulation) compared with other periods and
other cytokines (Fig. (3)). In Makinoda’s report [51], ovulatory
phase was estimated by basal body temperature (BBT) in women
with the normal menstrual cycles. In contrast, Fujii’s report [50]
was carried out in patients receiving ovarian stimulation. Therefore,
the days examined by Fujii were more accurate. As Hock ef al. [26]
pointed out that the G-CSF level in serum rose significantly during
the stimulation cycles, G-CSF in serum increased a few days before
ovulation. Based on these reports, the ovulatory phase in Maki-
noda’s report [51] might include the late follicular phase. Yanagi et
al. [52] indicated that G-CSF mRNA was 10 times higher in the late
follicular phase than in other phases. Furthermore, she showed the
localization of G-CSF mainly in granulosa cells. Salmassi e al.

[53] also reported the presence of G-CSF and its receptor in granu-
losa cells.

Considering these reports regarding G-CSF and ovulation, the
following speculation is significant (Fig. (4)). With the stimulation
of follicle stimulating hormone (FSH), the dominant follicle gets
bigger. At the late follicular phase, especially a few days before
follicle rupture, granulosa cells produce G-CSF, which induces
leukocyte accumulation in the follicle and follicular wall. Leuko-
cyte in the follicular wall markedly increases its number with the
LH-surge [33] and it produces proteolytic enzymes [54]. Increased
follicular fluid and decreased firmness of the follicular wall induce
the rupture of the follicle, ovulation.

4. CLINICAL USEFULNESS OF G-CSF IN REPRODUC-
TIVE MEDICINE

The presence of G-CSF in the preovulatory follicle and its par-
ticipation in the mechanism of ovulation as described above is quite
clear. Salmassi et al. [55] proposed that G-CSF level in serum and
follicular fluid was a predictor of IVF outcome. Such diagnostic use
of G-CSF is very interesting and must be considered in further
clinical applications. Since G-CSF has been purified, cloned and
produced by the recombinant DNA technology [56] and has been
safely used as a clinical medicine for more than 20 years in the field
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Fig. (4). G-CSF in ovulation mechanism. Neu: neutrophil; TC: theca cell; GC: granulosa cell.

of oncology [57], the use of G-CSF for ovulation disorders might
be possible. In regard to this point, G-CSF is quite different from
other cytokines that are not clinically used as medicine. As G-CSF
plays the main role in follicle rupture, the application of G-CSF for
luteinized unruptured follicle (LUF) is discussed below.

4.1. Luteinized Unruptured Follicle (LUF)

Ovulation induction using medicine started in 1960’s with
clomiphene citrate (CC), which is a triarylethylene compound (Fig.
(5)). CC is antiestrogenic in human [58, 59]. It increases urinary
gonadotropin excretion [60] and plasma levels of LH [61] and FSH
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Fig. (5). Chemical structure of clomiphene citrate (CC).

[62]. These elevated gonadotropins stimulate the follicle’s growth.
In 1960 - 70’s, the only absolute indicators that ovulation occurred
were pregnancy and the isolation of an ovum from the genital tract.
All the other signs at that time — biphasic BBT, secretory endo-
metrium, appearance of progesterone in the blood, or urinary preg-
nanediol excretion were only assumed evidence of ovulation. Ac-
cording to the above assumed criteria, ovulation was induced in 70
% of anovulatory patients treated with CC. However, the pregnancy
rate was significantly lower at 27 — 40 %. In addition, CC is capable
of luteinizing the ovarian stroma and follicles [63]. Based on these
findings, R. Jewelewicz [64] proposed the concept of the luteinized
unruptured follicle (LUF), which secretes progesterone and causes
all the progestational changes without ovulation. Suggestive evi-
dence for the existence of LUF, which was the absence of an ovula-
tion stigma on the corpus luteum at laparoscopy performed during
the early luteal phase, was reported by Koninckx et al. [65] and
Marik and Hulka [66], separately in 1978. In 1982, Coulam et al.
[67] presented ultrasonic evidence of LUF. Although the presence
of LUF was questioned by many authors in the early days, there
have been no critical reports on LUF in the last 5 years. Nowadays,
no clinicians doubt the presence of LUF, since they have seen many
cases of LUF during ultrasonographic examination.

The incidence of LUF was reported at between 9.4 % and 46.7
% [68]. Hamilton er al. [69] conducted a prospective ultrasound
study on LUF in 600 cycles of 270 infertility patients and found the
rate; 6.7 % of cycles and 10 % of patients. They also noted an in-

lenograstim (INN)

Matkinoda et al.

HO COH
HO,C %/ CO,H

creased frequency of the diagnosis of LUF in patients on ovulation
induction therapies, predominantly by means of CC. Thus, LUF is a
very ironical ovulation disorder in which ovulation induction causes
unovulation. The recent report by Qublan [70] on 167 CC treated
infertile women with unexplained infertility revealed LUF at the
rate of 25 % in the first cycle. The incidences increased to 56.5 %
and 58.9 % in women, who underwent the second and the third
consecutive ovulation inductions, respectively. The recurrence rates
of LUF were 78.6 % and 90 %, respectively.

4.2. Induction of Ovulation for LUF Patients Using G-CSF

LUF is the name of various symptoms and it includes many
causes. One of the major causes is adhesion. Endometriosis, pelvic
inflammatory diseases and pelvic surgery are the main causes of
adhesion. If the ovarian surface is covered firmly by adhesion, ovu-
lation is impossible due to mechanical reasons [71]. The treatment
for mechanical LUF is very difficult. In contrast, LUF caused by
the failure of the ovulation mechanism (Fig. (1)) might be treated
by resolving the causes. As we have already mentioned above, leu-
kocytes and G-CSF participate in the ovulation mechanism. Moreo-
ver, G-CSF has been used safely as a supportive drug in cancer
treatment. G-CSF is a glycoprotein (molecular weight 19600) and it
is produced by the recombinant technique for pharmaceutical use.
At present, lenograstim (Fig. (6)), filgrastim (Fig. (7)) and nar-
tograstim (Fig. (8)) are commercially available except polyethylene
glycol (PEG) form. Although chemical structures are slightly dif-
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Fig. (6). Chemical structure of lenograstim.
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filgrastim (INN) filgrastim (genetical recombination) (JAN)

comprised from 175 amino acids sequence with 2 disulfide bonds
Molecular Weuight: 18,798.88  Molecular Fomula: CgysH}339N323024359

different structure from native G-CSF — 1. different total amino acids(175 vs 174), 2.methionine at "0" position,
3.no glycoside chain of "O-glycoside type"

Pro Gln Ala Leu His Arg Leu Val Arg Tyr Ser Val Glu Leu Phe Ser Gln Leu His Ser

170 160 Ala
Val
10 0 Leu
Pro Leu Ser Ser Ala Pro Gly Leu Pro Thr different amino acid from native G-CSF Val
Gly 150 Gly
Ser SH Gl
Leu Leu Lys Cys Leu Glu Gln Val Arg Lys Ile Gln Gly Arg Gky Ala Ala Leu Gln Glu Lys Leu CF’S Ala Ala
Thr A
. S T g
disulfide bond 1 | T
60 50 S |y hrg
¢ Leuq
Ser Pro Cys Ser Ser Leu Pro Ala Thr Pro Ile Gly Leu Ser His Gly Leu Leu Val Leu Glu Glu Pro His Cys 0 Gln
Gln \ Phe
Ala S Ala
Leu :
——pdisulfide bond
70GIn é Ser
Leu | 80 90 Ala
Ala Gly Cys Leu Ser Gln His Ser Gly Leu Phe Leu Tyr Gln Gly Leu Leu Gln Ala Leu Glu Gln Ile Ser Pro 140 Phe
Glu
Leu Al
Gly 100 ?
Ala Phe Asp Aka Val Asp Leu Gln Leu Thr Asp Leu Thr Pro Pro
Thr 110 Met
Thr Ala
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Fig. (7). Chemical structure of filgrastim.
ferent, no clinical and therapeutic differences were reported among The subjects were 16 patients (Age: 33.3 + 3.1 y.o., Mean +
them [57]. For these reasons, N. Hirosaki [72] conducted the fol- SD) who received ovulation induction with CC — hCG (Fig. (9A))
lowing clinical trial and obtained the anticipated result. and showed LUF at the previous CC - hCG cycle. The same dose of
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comprised from 175 amino acids sequence with 2 disulfide bonds
Molecular Weuight: 18,849.82  Molecular Fomula: CgycH;336N2260,45Sg

different structure from native G-CSF — 1. different total amion acids(175 vs 174),
2. 5 substituted(—=) and 1 added(——=)) amino acids at arrowed position,
3.no glycoside chain of "O-glycoside type"
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Fig. (8). Chemical structure of nartograstim.
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Fig. (9). A) Ovulation induction by CC-hCG. Clomiphene citrate (CC) 50 — 150 mg/day was administered consecutively for five days from Day 5 of menstrual
cycle and hCG 5,000 — 10,000 units at the time when the follicular diameter reached 18 mm or more by transvaginal ultrasonography. B) G-CSF (lenograstim)
100 pg was administered subcutaneously at 24 — 48 hours before hCG administration.
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Fig. (10). Comparison of ovulation rates between CC + hCG and CC + hCG + G-CSF.

CC - hCG ovulation induction was performed with follicle monitor-
ing. Lenograstim 100 pg was administered subcutaneously at 24 —
48 hours before hCG administration (Fig. (9B)). Ovulation was
confirmed by the disappearance of the leading follicle at 2 — 5 days
after hCG administration. Laparoscopic examination was performed
before the clinical trial and patients with severe adhesion around the
ovaries were excluded from this trial. Ovulation rate by CC - hCG
only was 53.5% before the clinical trial. In contrast, the rate in-
creased significantly to 88.9 % by the addition of lenograstim (Fig.
(10)). The concentrations of G-CSF one day after the lenograstim
administration were 75.9 + 37.3 and 21.7 + 25.8 pg/ml in LUF (-)
and LUF (+) groups, respectively. Although it was P=0.07 and not
statistically significant, the LUF group which used lenograstim

showed lower G-CSF concentrations. The changes in the number of
WBC were shown in Fig. (11). Before lenograstim administration,
it was 7000 £ 797.5/uL and it increased to 19783.3 + 5336.8/uL
one day after administration. It returned to the value before the
lenograstim administration on Days 8-9. Fig. (12) shows a typical
case of lenograstim induced ovulation. Since the first cycle was a
LUF case, lenograstim was administered at the next cycle. In the
second cycle, ovulation was successfully induced. At the 3rd cycle,
lenograstim was not administered and the cycle showed to LUF
again. Therefore, at the following cycles, lenograstim was adminis-
tered and LUF was not observed. Of course, further trials are neces-
sary. However, the above results indicate the possibility of G-CSF
as a supportive drug to ovulation induction.
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Fig. (11). Changes of numbers of white blood cells after G-CSF administration.
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Fig. (12). A typical effective case of G-CSF for LUF

5. CONCLUSIONS

The similarity between ovulation and inflammation has been
confirmed during the last 30 years. Nevertheless, little attention was
paid to the granulocytes in the ovulation mechanism, which are the
most mobilized leukocytes during inflammation. As shown in this
review, the participation of granulocytes in the mechanism of ovu-
lation is clear. Fortunately, the cytokine, G-CSF, which mobilizes
granulocytes has been used safely for the treatment of cancer for
more than 20 years. For these reasons, it is easy to assume the ef-
fectiveness of G-CSF in ovulation induction. Considering the role
of granulocytes in the mechanism of ovulation, the use of G-CSF
for LUF is very reasonable. Although the number of clinical trials
presented in this review are few, the effectiveness of G-CSF treat-

. i

Menstrua | period Menstrua | peried

ment in addition to the CC - hCG induction has been demonstrated.
Since there are no established and definite treatments for LUF [73],
the treatment with G-CSF is hopeful for LUF patients. Further
clinical trials will prove the usefulness of this treatment and it is our
great pleasure that many LUF patients are able to become pregnant.

ABBREVIATIONS

ART = Assisted reproductive technology
BBT = Basal body temperature

CcC = Clomiphene citrate

ET = Embryo transfer
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FSH = Follicle stimulating hormone
G-CSF = Granulocyte colony - stimulating factor
GM-CSF = Granulocyte - macrophage colony - stimulating
factor
h = Hour(s)
hCG = Human chorionic gonadotropin
hMG = Human menopausal gonadotropin
IL = Interleukin
IVF = Invitro fertilization
LH = Luteinizing hormone
LUF = Luteinized unruptured follicle
M-CSF = Macrophage colony - stimulating factor
MMP = Matrix metalloproteinase
PA = Plasminogen activator
PAPP-A = Pregnancy associated plasma protein - A
PEG = Polyethylene glycol
SD = Standard deviation
SEM = Standard error of the mean
TNF = Tumor necrosis factor
VEGF = Vascular endothelial growth factor
WBC = White blood cells
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