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Effect of gonadotropin-releasing hormone agonist
and antagonist on proliferation and apoptosis
of human luteinized granulosa cells

The GnRH agonist leuprolide acetate (LA) inhibited DNA synthesis in epidermal growth factor–stimulated
human granulosa luteinized cell cultures. This effect was blocked by the prior addition of a GnRH antagonist
antide (ANT), and this compound per se was able to produce a stimulatory effect of DNA synthesis on basal
conditions. Leuprolide acetate produced an increase in the percentage of apoptotic cells, and when these
two factors were co-incubated, ANT blocked the apoptotic effect produced by LA. (Fertil Steril� 2006;

85:1064 –7. ©2006 by American Society for Reproductive Medicine.)
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atients undergoing assisted reproductive techniques (ART)
eceive GnRH agonist (GnRH-a) or GnRH antagonist to
uppress endogenous gonadotropin secretion and control
varian cycles. This suppression of gonadotropin secretion
an be achieved by two pathways. The first, chronic ad-
inistration of GnRH-a, leads to pituitary desensitization

y reducing the number of GnRH receptors on the cell
embrane. The second one, administration of GnRH an-

agonist, rapidly inhibits gonadotropin secretion by com-
etitive blockage of the GnRH receptor. Over the last few
ears, GnRH antagonist has been used more frequently in
RT, offering the advantages of the absence of flare-up (an

nitial LH and FSH hypersecretion seen with the GnRH-a)
nd a reduction in the number of days using gonadotropins
1, 2).

In addition to the main pituitary GnRH function of
egulating synthesis and secretion of gonadotropins, there
as been increasing evidence that GnRH is an intraovarian
egulatory factor with autocrine–paracrine actions on fol-
icular development and steroidogenesis (3–5). This is sup-
orted by the fact that a GnRH-like peptide, GnRH recep-
ors, as well as their mRNA, have been found in ovarian
issues from rats and humans (4–7). Several studies per-
ormed on rats have described the antigonadal effects of
nRH agonists, both in vivo and in vitro (8–11). We have
emonstrated in rat follicular cultures that some of these
ffects are mediated by an increase in follicular apoptosis
hrough interference of FSH, cyclic adenosine 3=:5= mono-
hosphate, and/or growth factor pathways and by changes
n the expression of bcl-2–related genes (3, 12–14). In
ddition, we also have detected a direct inhibitory action of
GnRH-a, leuprolide acetate (LA), on LH receptor expres-
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ion and aromatase activity in human granulosa luteinized
ells (hGLC; 15). However, there still is some controversy
bout the physiological function of GnRH-like peptides in
he human ovary.

These observations led us to study and compare the
irect effect of a GnRH-a, LA (Lupron; Abbott Labs,
uenos Aires, Argentina) and a GnRH antagonist, antide

ANT; Sigma Chemical Co., St. Louis, MO) on growth,
poptosis, and steroidogenesis of hGLC that was obtained
rom patients undergoing ART. For this study, approved by
ur institutional ethical review board, hGLCs were ob-
ained from the follicular fluid of 10 women undergoing
RT (15) and were isolated as described elsewhere (15).
ne hundred thousand cells were plated in collagen-coated
ultiwells and cultured at 37°C in 5% CO2for 48 hours in
ulbecco’s Modified Eagle’s Medium (DMEM)–Ham’s
-12 (1:1), HCO3

� (2.2 g/L), and 10% fetal bovine serum
ulture medium. The cell viability was not modified during
his incubation period. Then, cells were washed and cul-
ured for 48 hours more for the proliferation assay, in
erum-free medium, together with different factors (epider-
al growth factor [EGF]: 10 ng/mL; insulin: 1, 10, and 100

g/mL; insulin-like growth factor-1: 1, 10, and 100 ng/mL;
A: 10 and 100 ng/mL; and/or ANT: 10�7 M). Serum-free
edium was chosen to avoid possible interferences from

actors present in serum. One microcurie of 3H-thymidine
3H-T; Nen, Dupont, Boston, MA) then was added to each
icrowell, and DNA synthesis was assessed 24 hours later

y 3H-T incorporation (16). In the case of cells treated with
A�ANT, LA was added 3 hours after ANT.

Figure 1A shows the effect of LA, ANT, or the combi-
ation of these two factors on basal DNA synthesis. Leu-
rolide acetate had no effect on cell proliferation, whereas
nterestingly, ANT alone produced a significant stimulatory
ffect of 350% (P�.05 vs. basal) on 3H-T incorporation. In
ddition, in those cells incubated with the combination of
oth factors (LA�ANT), we observed only the increased

roliferation effect of ANT. Given that basal 3H-T incor-

0015-0282/06/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2005.09.061
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FIGURE 1

(A) Effect of LA and ANT on DNA synthesis measured by 3H-T incorporation at basal conditions in human
luteinized granulosa cells stimulated with LA (100 ng/mL), ANT (10�7 M), or the combination (LA�ANT). (B) Effect
of LA and ANT on DNA synthesis measured by 3H-T incorporation on EGF-stimulated cells (control: EGF,
10 ng/mL). Luteinized granulosa cells were incubated with LA (10 and 100 ng/mL), ANT (10�7 M), or the
combination (LA�ANT). (C) Effect of LA and ANT on cellular apoptosis. Apoptosis was analyzed by the
acridine orange–ethidium bromide technique at basal conditions in cells stimulated with LA (100 ng/mL),
ANT (10�7 M), or the combination (LA�ANT). In all panels, different letters indicate significance (P�.05).
Vitale. GnRH analogues action on human luteinized granulosa cells. Fertil Steril 2006.
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oration in hGLC cells is low, growth factors were added
o the culture medium in order to increase cellular prolif-
ration and therefore detect possible inhibition by the fac-
ors under study (13, 17). The addition of 10 ng/mL of EGF
aused a significant increase in the percentage of 3H-T
ncorporation. On the contrary, the addition of insulin or
nsulin-like growth factor-1 did not produce changes in
H-T incorporation (data not shown).

We then added LA to EGF (10 ng/mL)-stimulated cell
ultures (Fig. 1B), in which EGF was considered to be the
ontrol. Under these conditions, 3H-T uptake was down-
egulated by LA (P�.05), suggesting that the lack of LA
nhibitory effect on basal DNA synthesis (Fig. 1A) could
e caused by the low proliferation capability of luteinized
ranulosa cells in culture. In addition, when ANT was
dded to EGF-stimulated cell cultures, no effect was ob-
erved. However, the inhibitory effect exerted by LA was
ompletely blocked by prior addition of ANT to the culture
edium (P�.05; Fig. 1B).

To assess whether this inhibition of DNA synthesis
escribed in the previous two paragraphs was caused by an
ncrease in the rate of apoptosis, hGLC were cultured in the
resence of LA and/or ANT, and DNA fragmentation was
uantified by using the acridine orange–ethidium bromide
echnique (18). Human granulosa luteinized cells were
ultured as described in medium with 10% FBS (fetal
ovine serum). Then, cells were cultured for another 24
ours in serum-free medium containing LA, ANT, or a
ombination of these two factors, with LA added 3 hours
fter the addition of ANT. Culture media were collected to
etermine P levels by RIA as described elsewhere (14), and
cridine orange (1 mg/L)–ethidium bromide (250 mg/L)
ix was added to the cells. The number of apoptotic cells
as counted with a fluorescence microscope and expressed

s a percentage of apoptotic cells; data are given as mean
SE from quadruplicate cultures. One-way analysis of

ariance followed by Tukey test was used to compare the
ean values among treatments.

Treatment with LA showed a significant increase in the
evel of apoptosis, from 39.6% � 2.5% at basal conditions
o 58.6% � 4% (P�.05). The percentage of apoptotic cells
etected under basal conditions is likely to be a conse-
uence of the incubation in serum-free medium. Further-
ore, ANT alone had no effect on basal apoptosis, whereas

he increase in the percentage of apoptotic cells produced
y LA was blocked by ANT (LA�ANT: 46.1% � 4% vs.
A, P�.05; Fig. 1C).

Finally, no significant differences (P�.05) were found in
he P concentrations among the different groups studied
basal: 996 � 75 ng/mL; LA: 1,023 � 82 ng/mL; ANT:
98 � 71 ng/mL; LA�ANT: 1,154 � 248 ng/mL). Cells
timulated with LH were used as a positive control for P
roduction, and a significant stimulation after LH treatment

as detected (74% � 14% stimulation, P�.05), indicating d

066 Vitale et al. Correspondence
hat the capability of these cells to produce steroids is
ntact.

Over the last 2 decades, GnRH antagonists have become
n important therapeutic agents for synchronizing follicle
rowth during gonadotropin stimulation for IVF.

Although it is controversial that GnRH receptors in
uman ovaries are functional, few studies have been per-
ormed to test the effects of GnRH antagonist on them (19).
n this study, we described that GnRH-a LA alone had no
ffect on basal DNA synthesis in hGLC cultures. However,
hen LA was added to EGF-stimulated cell cultures, a

ignificant inhibition of 3H-T incorporation was observed.
n addition, the inhibitory LA effect was blocked com-
letely by the prior addition of ANT to the culture medium,
uggesting that LA action is mediated mainly by an ovarian
nRH receptor. Furthermore, the GnRH antagonist ANT
er se was able to produce a stimulatory effect of 3H-T
ncorporation on basal conditions. These results support
revious results from our laboratory showing that ANT
njection in superovulated prepuberal rats produced an in-
rease in the number of preovulatory follicles, as well as an
ncrease in the ovarian weight. In addition, LA decreased
he number of preovulatory follicles, whereas ANT inter-
ered with this inhibitory effect of LA (20). Collectively,
hese findings support the hypothesis that ANT improves
ollicular development, likely by a blockage at the GnRH
eceptor level, on the inhibitory action of an endogenous
varian GnRH peptide.

Taking into account that follicular atresia is mediated by
poptosis (21, 22), we have studied the effects of the two
nalogues on apoptosis. Leuprolide acetate produced a
ignificant increase in the percentage of apoptotic cells,
hereas ANT had no effect on this culture. In addition,
hen these two factors were co-incubated, ANT blocked

he apoptotic effect produced by LA. These findings are
losely consistent with the stimulatory effects of GnRH-a on
ranulosa cell apoptosis that were described elsewhere (3, 13,
3). Finally, there is uncertainty about the steroidogenic effect
xerted by GnRH analogues in hGLC in vitro (24). Our results
re in agreement with those of other investigators who have
hown that GnRH-a (25, 26) and antagonists (19, 27, 28) have
o direct effect on steroidogenesis.

In summary, our findings suggest that a GnRH-like
eptide acts as an intraovarian modulating factor able to
nterfere with the proliferation of hGLC, causing the death
f those cells by apoptosis.
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