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Abstract
Background: A growing body of evidences suggests that the ovary is a site of inflammatory
reactions, and thus, ovarian cells could represent sources and targets of the interleukin-1 (IL-1)
system. The purpose of this study was to examine the IL-1 system gene expressions in equine
granulosa cells, and to study the IL-1β content in follicular fluid during the follicle maturation. For
this purpose, granulosa cells and follicular fluids were collected from the largest follicle at the early
dominance stage (diameter 24 ± 3 mm) or during the preovulatory maturation phase, at T0 h, T6
h, T12 h, T24 h and T34 h after induction of ovulation. Cells were analysed by RT-PCR and follicular
fluids were studied by gel electrophoresis and immunoblotting.

Results: We demonstrated that interleukin-1β (IL-1β), interleukin-1 receptor 2 (IL-1R2) and
interleukin-1 receptor antagonist (IL-1RA) genes are expressed in equine granulosa cells. We
observed that the IL-1β and IL-1RA mRNA content changed in granulosa cells during the terminal
follicular maturation whereas IL-1R2 mRNA did not vary. In follicular fluid, IL-1β content fluctuated
few hours after induction of ovulation.

Conclusions: The expression of IL-1β gene in granulosa cells and the follicular fluid IL-1β content
seem to be regulated by gonadotropins suggesting that IL-1β could be an intermediate paracrine
factor involved in ovulation.

Background
Interleukins are polypeptide cytokine components of the
immune system originally defined by their role in cellular
communication among leucocytes. The IL-1 system is
composed mainly of 2 bioactive ligands IL-1α and IL-1β
[1], 2 types of receptors IL-1R1 and IL-1R2 [2,3], and a
natural receptor antagonist IL-1RA which regulates IL-1
ligand biological activity by a competitive interaction at
receptors [4]. The ovary is a site of cyclic ovulation process
which is now widely assumed to an inflammatory reac-
tion [5]. Interleukins and mainly interleukin-1 family

could be key mediators of this process. Interleukins are ex-
pressed and have effects on a large range of tissues [6].
Studies in the mouse, rat, and human have shown that the
ovary could be a site of IL-1 system member expression
[7–10]. IL-1 activity was measured in porcine [11] and hu-
man [12] follicular fluids. At the ovary level IL-1β effects
were mainly investigated in vitro. It was shown that IL-1β
regulates cellular activities of granulosa and theca cells
such as the synthesis of proteases [13], plasminogen acti-
vator [14,15], and prostaglandins [16,17]. IL-1β also reg-
ulates steroidogenesis [18,19]. On the other hand, it has
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been shown that IL-1β promotes the ovulation process in
rat [20] and rabbit [21] models. Moreover, IL-1β seems to
act at the oocyte level since it promotes the ex vivo oocyte
maturation in the rabbit [21]. In contrast, we demonstrat-
ed recently that IL-1β inhibits the eLH-induced in vitro
meiosis resumption in equine oocytes [22].

Taken together, these observations lead to hypothesize
that, in mammalian species, IL-1 could be a factor in-
volved in the cascade of some events leading to ovulation
[23] and oocyte maturation. This factor could be regulated
by gonadotropins and be locally produced. In the mare,
the relations between the endocrine system and the ovar-
ian activity are well known [24–26]. Nevertheless, the
conditions for in vivo follicular and oocyte maturation dif-
fer somewhat from those observed in other domestic
mammals and in humans [27,28]. The ovulatory LH surge
occurs as a progressive rise that lasts several days, with a
maximum one day after ovulation. Moreover the matura-
tion rate of the equine oocyte remains low in culture con-
ditions adapted from those used in the bovine species
[29–31] and in vitro fertilization gives only limited success
[32]. A better knowledge of the local mechanisms in-
volved in equine follicle maturation could allow to en-
compass some of these problems. IL-1β could be involved
in some of these species-specific mechanisms.

In this context, our purpose was first to study the IL-1 sys-
tem gene expression in granulosa cells from the dominant
follicle at different physiological stages of its growth and
maturation. Second, we determined the pattern of follicu-
lar fluid content of IL-1β in the dominant follicle during
the preovulatory maturation. The transvaginal ultra-
sound-guided puncture was used to collect granulosa
cells, follicular fluid and cumulus oocyte complexes.
Granulosa cells and follicular fluids were analyzed by RT-
PCR and immunoblotting, respectively.

Results
Recovery of cumulus oocyte complexes, cumulus morphol-
ogy and oocyte nuclear stage
Four out of the 72 punctures performed failed because
ovulation occurred before puncture. Twenty nine cumu-
lus-oocyte complexes were collected (43%; 29/68). The
collection rate did not differ significantly (p > 0.05) be-
tween the 6 groups.

Morphology of COCs was analyzed at collection (Figure
1). Follicles from group 1 (early dominance: 'ED') con-
tained compact cumulus only. In contrast, cumulus from
group 5 (T24 h after CEG injection) and 6 (T34 h after
CEG injection) were expanded cumulus. In groups 2 (T0
h), 3 (T6 h after CEG injection) and 4 (T12 h after CEG in-
jection) both cumulus morphologies were observed.
These profiles differed significantly (p < 0.01). Groups 5

and 6 were significantly different from groups 1, 2 and 3
(p < 0.05). Group 4 differed from group 1 (p < 0.05).

Follicles from group 6 (T34 h after CEG injection) con-
tained oocytes in metaphase II only (Figure 2). In con-
trast, all oocytes were immature (germinal vesicle stage:
GV) in groups 1 (early dominance: 'ED') and 3 (T6 h after
CEG injection). Groups 2 (T0 h), and 5 (T24 h after CEG
injection) showed immature (GV) and metaphase I
oocytes, whereas group 4 (T12 h after CEG injection)
showed the 3 nuclear stages (GV, MI and MII). These pro-
files differed significantly (p < 0.01). Group 6 oocytes dif-
fered significantly from all other groups (p < 0.05). Group
5 was significantly different from group 3 (p < 0.05), tend-
ed to be different from groups 1, 2 and 4 but the differenc-
es were not significant (p > 0.05).

IL-1 System Gene Expression In Granulosa Cells During 
Follicular Maturation
PCR amplification of gapdh, IL-1β, IL-1RA, and IL-1R2
mRNA in granulosa cells is illustrated in Figure 3. The am-
plified fragments were of the expected sizes (255 bp, 266
bp, 425 bp, and 311 bp, respectively; Table 1). IL-1α and
IL-1R1 mRNA were not detected in any granulosa cell pel-
lets analyzed, in spite of their amplification in the positive
controls (cDNA from LPS stimulated equine

Figure 1
Morphology of cumulus recovered at different stages of the 
follicular maturation in the mare. The number of compact 
and expanded cumulus were illustrated by histograms in each 
of the 6 follicular maturation stages (early dominance [ED], 
end of growth [T0 h], 6 h [T6 h], 12 h [T12 h], 24 h [T24 h] 
and 34 h [T34 h] after injection of crude equine gonadotro-
pin). Cumulus morphology in each group was compared with 
the non parametric Kruskall Wallis test. ** p < 0.05 at least.
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macrophages, data not shown). The PCR signals for IL-
1R2 were very faint and did not significantly vary during
final follicular maturation. The semi-quantificative analy-
sis of IL-1β and IL-1RA signals displayed differences be-
tween groups, as illustrated in Figure 4A and 4B,
respectively. IL-1β mRNA content progressively increased
in granulosa cells from the early dominance stage (group
1) to the beginning of maturation 6 hours after CEG injec-
tion (T6 h; group 3). Expression of IL-1β sharply de-
creased (p < 0.05) at T12 h (group 4) and increased again
from T12 h onwards, with a significant difference between
T12 h and T24 h (group 4 vs group 5; p < 0.05). A progres-
sive decrease in IL-1RA mRNA content in granulosa cells
was observed (Figure 4B) from the early dominance stage
to T6 h (p < 0.05). The IL-1RA mRNA content was low at
T6 h and T12 h and progressively increased from T12 h
onwards (p < 0.05).

IL-1β Quantity In Follicular Fluid During Maturation Of 
The Dominant Follicle
Follicular fluids were submitted to SDS-PAGE and immu-
noblotting in order to evaluate their IL-1β content. One
band at 28 kDa was visualized in most samples of equine
follicular fluid (Figure 5A). It was slightly lower than the
band visualized in ovine follicular fluids (29 kDa). The

quantitative analysis of blots (Figure 5B) showed a steady-
state level of IL-1β in follicular fluid from early domi-
nance to T6 h after CEG injection. The IL-1β intrafollicular
content significantly decreased from T6 h to T24 h after
CEG injection (p < 0.05). It significantly increased be-
tween T24 h and T34 h after CEG injection (p < 0.05).

Discussion
In the present study, COC data were measured as a physi-
ological control (COC maturation) of the kinetics of the
follicle maturation. The cumulus morphology and the nu-
clear stage of the oocytes displayed a progressive pattern
from the early dominance stage to the preovulatory one
(T34 h after i.v. injection of CEG). We observed that

Figure 2
Nuclear stage of oocyte recovered at different stages of the 
follicular maturation. The number of oocytes at the germinal 
vesicle (GV), MI and MII stages were illustrated by histograms 
in each of the 6 follicular maturation stages (early dominance 
[ED], end of growth [T0 h], 6 h [T6 h], 12 h [T12 h], 24 h 
[T24 h] and 34 h [T34 h] after injection of crude equine 
gonadotropin). Nuclear stage in each group were compared 
with the non parametric Kruskall Wallis test. *: p < 0.1; **: p 
< 0.05 at least.
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Figure 3
Gapdh, IL-1β, IL-1RA and IL-1R2 gene expression in equine 
granulosa cells at different stages. Lane M, molecular weight 
markers (100-bp DNA ladder, Promega); lane P, positive 
control of PCR (cDNA from lipopolysaccharide-stimulated 
equine macrophages); lane N, negative control of PCR (no 
cDNA); lane 1, early dominance [ED]; lane 2, end of growth 
[T0 h]; lanes 3, 4, 5 and 6, 6 h [T6 h], 12 h [T12 h], 24 h [T24 
h], and 34 h [T34 h] after injection of crude equine gonado-
tropin, respectively. The expected sizes of amplified frag-
ments are indicated.

IL-1R2 M 1 2 43 5 6 P N

311bp

IL-1

M 1 2 4 3 5 6 P N

266bp

GAPDH

M 1 2 4 3 5 6 P N
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cumulus expansion took place between 0 h and 6 h after
induction of ovulation by CEG injection. In oocytes, re-
sumption of meiosis occurred from 12 h after CEG injec-
tion onwards, and meiosis was completed at the time of
ovulation (i.e. 34 h after CEG injection). These results are
consistent with previous observation of the in vivo equine
COCs maturation [33,34].

Expression of IL-1β, IL-1RA and IL-1R2 genes is described
in the present work for the first time in equine granulosa
cells, at various physiological stages of the dominant fol-
licle progression. IL-1β gene expression has been previ-
ously observed in rat [9] and human [35–37] granulosa
cells at different physiological stages. By contrast in the
mouse, IL-1β was not observed in granulosa cells but only
in the luteal tissue after ovulation [7]. This could be
attributed to some species-specific differences concerning
ovarian IL-1β expression. To date, only two studies de-
scribed the expression of IL-1R2 gene in the ovary. These
studies were made on rat granulosa cells. In contrast with
our results, they demonstrated the absence of IL-1R2 gene
expression in rat granulosa cells [9,38]. Our work suggests
that equine granulosa cells could be some potential target
of IL-1 system as it was shown in rat [15,39], rabbit [40]
and human [41] cultured granulosa cells, in which IL-1β
seems to regulate plasminogen activator activity and ster-
oidogenesis. Concerning IL-1RA, its expression was
shown in granulosa cells of rat [8,10] and human [35]. To
our knowledge, no other study was performed on IL-1RA
expression in granulosa cells of either species. In the
present study, IL-1α mRNA was never detected in granu-
losa cells. This is in accordance with our previous study in
which we failed to amplify some IL-1α cDNA from equine
cumulus cells and oocytes [22]. The type 1 IL-1 receptor
was not detected in equine granulosa cells whereas it has
been shown to be expressed in granulosa cells of the rat
[8,9,38], mouse [7] and human [13] species, as well as in
equine cumulus cells [22] suggesting that equine cumulus
cells are potential targets of IL-1 system in spite of absence
of IL-1β effect on cumulus expansion in vitro [22]. The ab-
sence of IL-1α and IL-1R1 mRNA argues in favor of the
absence of immune cells in granulosa cell preparations.

Taken together, these data indicate the existence in mam-
mals of a granulosa cell IL-1 system consisting of ligands
(IL-1β rather than IL-1α), receptors (IL-1R1 and/or IL-
1R2), and receptor antagonist. Although the IL-1 mecha-
nism of action is still unclear, the expression of the IL-1
system members in equine granulosa cells suggests its in-
volvement in equine ovarian physiology. Thus, one can
hypothesize that in equine granulosa cells, IL-1 could reg-
ulate some cell functions, as observed in other species
[13–17,19]. It supposes that the transduction of IL-1 ac-
tion occurs via IL-1R2, which is mainly considered to date
by immunologists as an IL-1 binding protein and a 'decoy'
receptor [2]. Therefore, the effect of IL-1β on the equine
granulosa cell function needs to be demonstrated.

In the present study, expression of IL-1β and IL-1RA genes
in the dominant follicle varied mainly after induction of
ovulation by CEG injection. Gonadotropin injection in-
duced a rapid and transient (T6 h) increase in IL-1β ex-
pression in granulosa cells, followed by a marked decrease
(T12 h). The high variability of IL-1β mRNA content at T6
h could be explained by the fact that the response delay to
exogenous gonadotropins fluctuates by a few hours be-
tween mares, or that the endogenous LH increase preced-
ed the injection in some of the mares. The peak of IL-1β
expression in granulosa cells at T6 h after gonadotropins
injection could suggest that, in the equine preovulatory
follicle, IL-1β gene expression is gonadotropin depend-
ent. This was suggested for human granulosa cells [35]
and demonstrated in rat theca cells IL-1β [42].

We observed that the lowest level of IL-1RA expression in
equine granulosa cells was detected after the induction of
ovulation with gonadotropins (T6 h and T12 h). This ob-
servation led us to hypothesize that IL-1RA expression by
equine granulosa cells is gonadotropin dependent. Then,
an increase in IL-1RA expression was observed until the
expected ovulation time, as it was previously
demonstrated in rat whole ovarian cell preparations [10].
At the end of follicular maturation (T24 h and T34 h), the
increase in IL-1RA expression could be explained by an
upregulation of the IL-1RA gene expression by IL-1, as it

Table 1: Gene references, primer sequences, hybridization temperature during PCR and theoretical length of amplified fragments

Equine gene Genbank 
references

primer (5' to 3') strand Temperature of 
hybridization

length of amplified 
fragments

Glyceraldehyde-3-Phosphate 
Deshydrogenase (gapdh)

af157626 GTTTGTGATGGGCGTGAACC TTGGCAGCACCAGTAGGAGC s a-s 62°C 255 bp

Interleukin-1α u92480 GCCAATGATCCAGAAGAAGG CAGTTTTCCCTGCTTTGTGG s a-s 60°C 450 bp
Interleukin-1β u92481 GGTGTTCTGCATGAGCTTTG TTTCTGCTTGAGAGGTGCTG s a-s 60°C 266 bp
Interleukin-1ra u92482 TGCAAGATGCAAGCCTTCAG TGGAGGTAGAACTTGGTGAC s a-s 60°C 425 bp
Interleukin-1R1 ab020338 TGATCTGCAATGTCACTGGC AATCCCTGTACCAAAGCACC s a-s 60°C 372 bp
Interleukin-1R2 ab033415 ATGCTCTCTGGATTTTGCCG TACGAGTAAACGAGGGGGTC s a-s 62°C 311 bp

s: sense primer, a-s: anti-sense primer
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Figure 4
Granulosa cell expression of A) IL-1β and B) IL-1RA mRNA at different stages: early dominance [ED], end of growth [T0 h], 6 
h [T6 h], 12 h [T12 h], 24 h [T24 h] and 34 h [T34 h] after injection of crude equine gonadotropin. The relative amount of each 
PCR product isolated by electrophoresis was obtained by scanning each band. Gene expression intensity (arbitrary unit) was 
measured by ImageQuant software and is expressed as an intensity value normalized to the gapdh intensity value. The results 
are expressed in arbitrary units and represent means ± SEM of seven to ten samples. a and b are significantly different (p < 0.05 
at least), a and c tended to be different (p < 0.06), b and c are not different according to the non parametric Wilcoxon Mann 
Whitney test. The data presented are representative of two experiments (samples collection, RNA extraction and PCR).

B/  IL-1RA

A/  IL-1

0,0

0,2

0,4

0,6

0,8

1,0

1,2

ED T0h T6h T12h T24h T34h

follicular stages

cD
N
A
 q

ua
nt

it
y
 (
a
rb

it
ra

ry
 u

ni
t)

b

a

a,b

a a

a,b

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

ED T0h T6h T12h T24h T34h

follicular stages

cD
N
A
 q

ua
nt

it
y
 (
a
rb

it
ra

ry
 u

ni
t)

b

a,b

b

a
a

c

Page 5 of 10
(page number not for citation purposes)



Reproductive Biology and Endocrinology 2003, 1 http://www.RBEj.com/content/1/1/42
was demonstrated for IL-1RA gene in rat granulosa cells
[10], and for IL-1β and IL-1R1 genes in human luteal cells
[41].

Equine follicular fluid has been shown in the present
work to contain IL-1β protein. This was demonstrated by
western blot using an anti ovine-IL-1β antibody. The IL-1β
presence in equine follicular fluid confirms previous
results obtained in the human [12,43] and porcine [11]
species. The signal we obtained in western blot was at
about 28 kDa in reducing and denaturing conditions.
Mature equine IL-1β was recently produced in vitro and its
molecular weight was calculated at 21 kDa size [44]. The
discrepancy between these two molecular weights could

be explained by the glycosylation rate since IL-1β is well
known to be a glycosylated protein [1]. The difference we
observed between ovine and equine IL-1β molecular
weight can be explained by some species-specific feature
of the proteins. Of note is the fact that the present work
demonstrates for the first time, the IL-1β content in follic-
ular fluid during maturation of the dominant follicle. No
significant peak was detected but a decrease in IL-1β con-
tent was observed 12 h after induction of ovulation. This
decrease could either be a consequence of a decrease in IL-
1β transcription in ovarian cells, or a decrease in protein
biosynthesis, or an increase in degradation of the protein.
The profile of IL-1β mRNA in equine granulosa cells
seems to argue in favor of the decrease in mRNA transcrip-
tion. This result again suggests an intermediary and early
role of IL-1β in follicle maturation. Moreover, the de-
crease in IL-1β in follicular fluid could represent a positive
signal to oocyte maturation, since it was demonstrated in
vitro that IL-1β inhibits the eLH-induced maturation of
oocyte [22]. By contrast, just before the decrease, the high
content of IL-1β could activate cumulus expansion by in-
ducing hyaluronic acid biosynthesis. Indeed, it has been
demonstrated that IL-1β induced accumulation of hy-
aluronic acid in the medium of rat ovarian dispersates
[45].

Conclusions
This study demonstrates for the first time the expression
of IL-1β, IL-1RA and IL-1R2 genes in equine granulosa
cells. We showed that IL-1β and IL-1RA expression in
granulosa cells vary during follicular maturation, proba-
bly under the influence of gonadotropins. Moreover, the
presence of IL-1β was clearly shown in follicular fluid.
Although the mechanism by which IL-1 regulates follicle
maturation is unclear, our observations demonstrate that
equine ovarian cells are a site of IL-1 system member pro-
duction and suggest that IL-1 system could play a key role
in the follicular preovulatory maturation and in the ovu-
latory process.

Methods
Animals and Ovarian Monitoring
Adult cyclic pony mares in good body condition, aged 2–
21 years, kept indoors and fed with concentrates were
used from March to May. Mares received a luteolytic dose
of a prostaglandin F2α analogue (Cloprostenol [Estru-
mate], 125 µg/mare i.m.; Scherring-Plough, Levallois-
Peret, France) during the mid-luteal phase (5–6 days after
ovulation). Follicle size was then assessed by routine
rectal ultrasound scanning until the day of experimental
follicular puncture.

Experimental Follicular Punctures
A total of 72 mares were used. Samples were collected us-
ing an in vivo transvaginal ultrasound-guided follicular as-

Figure 5
Content of IL-1β in follicular fluid at different stages: early 
dominance [ED], end of growth [T0 h], 6 h [T6 h], 12 h [T12 
h], 24 h [T24 h] and 34 h [T34 h] after injection of crude 
equine gonadotropin A) Western immunoblots using a 
mouse anti-ovine IL-1β. Lane 1, early dominance [ED]; lane 
2, end of growth [T0 h]; lanes 3, 4, 5 and 6, 6 h [T6 h], 12 h 
[T12 h], 24 h [T24 h], and 34 h [T34 h] after CEG injection 
respectively. Lanes P1 and P2, positive controls (ovine follic-
ular fluids). B) Quantification of IL-1β signals visualized in fol-
licular fluid at different stages as described above. IL-1β signal 
in each lane was measured by ImageQuant software and is 
expressed per follicle. Results are expressed in arbitrary 
units and represent means ± SEM of four to seven samples. a, 
b, and c are significantly different (p < 0.05 at least) according 
to the non parametric Wilcoxon Mann Whitney test. The 
data presented are representative of four experiments (elec-
trophoresis and immunoblotting).
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piration technique with a 7.5-MHz sectorial probe (Kretz;
Soframed, Truchtersheim, France) as previously described
[46]. In group 1 (n = 12 mares), punctures were per-
formed on the largest growing follicle, the day it reached
a diameter of 22 to 25 mm (early dominance: 'ED'; 24 ± 3
mm). In groups 2, 3, 4, 5 and 6, (n = 12 mares, each) the
dominant follicle was punctured 0, 6, 12, 24 or 34 h, re-
spectively after induction of ovulation by an i.v. injection
of 20 mg of crude equine gonadotropin (CEG) [47] the
day when the dominant follicle reached a diameter of
33.5 ± 1 mm. This treatment is known to induce ovulation
between 34 and 40 h after injection [48].

Before follicle puncture, mares were sedated with detomi-
dine (0.6 mg/100 kg body weight (BW) i.v. Domosedan;
Pfizer, Amboise, France), and relaxation of the rectum was
induced by an injection (i.v.) of propantheline bromide
(60 mg/100 kg BW i.v., Sigma, Saint Quentin Fallavier,
France). After puncture sessions, mares were injected with
an antibiotic (Intramicine: 1600000 IU penicillin/100 kg
BW and 1.3 g dihydrostreptomycin/100 kg BW i.m.; Sa-
nofi, Libourne, France).

Collection of Follicular Fluid, Granulosa Cells, and Cumu-
lus-Oocyte Complex (COC)
During puncture, the follicle wall was scraped with a nee-
dle as previously described [22]. Follicular fluid and rins-
ings were individually examined under a
stereomicroscope for cumulus-oocyte complexes. Follicu-
lar fluids devoid of blood were centrifuged for 10 min at
2700 g to pellet cells and pure follicular fluids were indi-
vidually stored at -80°C.

COCs Morphology And Oocyte Nuclear Stage 
Examinations
Recovered COCs were classified morphologically as com-
pact or expanded. They were then rinsed twice and
stripped of their cumulus cells with a small glass pipette
in PBS at 37°C. Totally denuded oocytes were rinsed in
PBS, stained with 1 µg/mL bis-benzimide solution
(Hoechst 33342; Sigma), and observed in a drop on a
slide under a light and fluorescence microscope in order
to determine their nuclear stage. Oocytes showing a polar
body (light microscopy) and 2 distinct spots of chromo-
somes stained by Hoechst (fluorescence microscopy) were
considered in metaphase II (MII), as described previously
[29].

Granulosa Cells Preparation
Granulosa cells were prepared as previously described
[49]. Briefly, the pellets of follicular cells devoid of blood
cells were resuspended in 2 mL of PBS, then layered onto
3 mL of Ficoll-paque (research grade; Pharmacia Biotech,
Uppsala, Sweden), and centrifuged (10 min, 1400 g, 4°C)
in order to get rid of blood cells. Granulosa cells were re-

covered by aspiration at the interface layer and were
rinsed several time with sterile PBS. They were frozen in
liquid nitrogen and stored at -80°C until mRNA analysis.
Aliquots of cells were analyzed by immunohistochemical
staining with an equine antibody specific for a marker of
immune cells (CD 44, Serotec, Oxford, UK). In any case,
less than 0.5% of immune cells was detected.

RNA Extraction Of Granulosa Cells And DNAse 1 
Treatment
The RNable Kit (Eurobio, Les Ulis, France) was used as
recommended by the manufacturer to extract total RNA
from granulosa cells. RNA pellets were dissolved in 70 µL
of H2O and treated with DNAse 1 (Gibco, Cergy Pontoise,
France) at 37°C for 60 min to eliminate residual DNA.
DNase digestion products were then added to 100 µL of
phenol and 100 µL of mix chloroform / isoamylic alcohol
(49 v/1v), centrifuged and prepared as described above in
order to eliminate DNAse 1. RNA pellets were dissolved in
13 µL H2O.

Reverse Transcription And PCR
RNA pellets were reverse transcribed (RT) in a final vol-
ume of 30 µL containing 2 µM of oligo(dT)12–18 (Amer-
sham Pharmacia, Orsay, France), 1.25 mM of each dNTP,
2.5 mM of MgCl2, 40 IU of recombinant ribonuclease in-
hibitor (RNasin) and 200 IU of Moloney murine leuke-
mia virus reverse transcriptase (Promega, Charbonnière,
France). The reaction was performed for 60 min at 37°C,
then reverse transcriptase was heat-inactivated at 95°C for
5 min. PCR amplification of IL-1α, IL-1β, IL-1RA, IL-1R1
and IL-1R2 cDNAs was performed with specific oligo-nu-
cleotide pairs (Eurogentec, Nantes, France) whose
sequences and references are shown in Table 1. Moreover,
PCR amplification of glyceraldehyde-3-phosphate dehy-
drogenase (gapdh), a constitutively expressed gene, was
used to verify the quality of extracted RNA from granulosa
cells and to normalize the IL-1 member data. The PCR re-
action mixture contained 2 µL RT products from granulo-
sa cell mRNA, 0.5 µM of each sense and antisense primer,
1.5 mM of MgCl2, 0.2 µM of each dNTP, 1 µCi [α-
33P]dATP (Amersham) and 1IU of Taq DNA polymerase,
in 25 µL of the appropriate Taq buffer (Promega). For
each pair of primers, a negative control of PCR was made,
by adding ultra-pure water instead of mRNA. PCR reac-
tions were performed in a thermal cycler (geneamp PCR
system 9700, Perkin Elmer, USA) and were initiated by 3
min of denaturation at 94°C, followed by 35 cycles each
consisting of 30 sec at 94°C, 30 sec at primer hybridiza-
tion temperature (Table 1) and 45 sec at 72°C. PCR was
ended by a final elongation step of 3 min at 72°C. PCR ef-
ficiency was checked by using a positive control. This
corresponds to a cDNA from alveolar equine macrophag-
es which were recovered from horse lungs by washing
with PBS, and cultured in RPMI 1640 (Gibco) supple-
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mented with 10% fetal calf serum (Gibco), 5.10-5M 2-
mercaptoethanol (Sigma), 2 mM L-glutamine (Gibco),
and 1 mM sodium pyruvate (Gibco) [50] before to be
stimulated for 48 h with 10 µg/mL of lipopolysaccharides
(LPS). PCR products were electrophoresed through a 2%
agarose gel, stained with 0.2 µg/mL ethidium bromide
and visualized by ultraviolet illumination. Gels were then
dried and exposed to a radiosensitive screen for 10 h in
order to detect incorporated radioactivity using a phos-
phoimager (STORM, Molecular Dynamics, USA). Signals
were quantified using image analysis software (Imag-
Quant). The relative amount of IL-1α, IL-1β, IL-1RA, IL-
1R1 and IL-1R2 mRNA was normalized to a constant
amount of gapdh mRNA.

Follicular Fluid Analysis By Gel Electrophoresis And 
Immunoblotting
Follicular fluids were submitted to one-dimensional SDS-
PAGE (15%) under reducing conditions [51]. Acrylamide-
bisacrylamide solution was purchased from Serva GmbH
& Co. (Heidelberg, Germany). Prestained standards
(range 6.9–202 kDa; Bio-Rad, Hercules, CA) were run si-
multaneously to the samples at 25 mA per gel. Ovine fol-
licular fluids were run simultaneously as positive controls.
5 µL of each sample was diluted in 5 µL of electrophoresis
buffer (Tris-HCl 160 mM pH 6.8, EDTA 10 mM, SDS 10%,
β-mercaptoethanol 10%, glycerol 20% and Bromophenol
blue) and boiled for 4 min. After electrophoresis, gels
were electroblotted at 200 mA onto hydrophobic PolyVi-
nylidene DiFluoride membranes (PVDF, Amersham Phar-
macia, Orsay, France) overnight at 4°C. For
immunological detection, membranes were washed in
TBS-Tween 20 and incubated for 1 h in a saturating buffer
(TBS containing 5% dry milk, 0.2% Igepal, pH 7.4). Mem-
branes were then incubated for 3 h with the mouse anti
ovine-IL-1β antibody (Serotec, Oxford, UK) diluted in sat-
urating solution (1/100), and rinsed twice in TBS-Tween
20. A 30 min incubation in saturating buffer was made be-
fore an incubation of the membrane for 1 h with peroxi-
dase-conjugated secondary antibody. This peroxydase-
conjugated second antiserum was a goat anti mouse-IgG
(Tebu, Le Perray en Yvelines, France) diluted in saturating
solution (1/500). The ECLplus western blotting detection
system (Amersham Pharmacia, Orsay, France) was used to
detect and quantify immunoreactive polypeptide with a
phosphoimager (Image master Amersham). A control
without either the first or the second antibody was made
and no signal was detected.

After quantification of IL-1β signals, IL-1β content per fol-
licle was calculated, considering that each signal was
determined for 5 µl of follicular fluid and that the total
volume of each punctured follicle was known.

Statistical Analysis
The distribution of cumulus morphologies and of oocyte
maturation stages were globally analyzed during follicular
maturation with the non parametric Jonckerheere-Terp-
stra test for independent ordered data. In the two cases,
differences were significant (p < 0.05). Thus, groups were
compared between them with the non parametric
Kruskal-Wallis test. Immunoblotting and densitometry re-
sults were analyzed with the non parametric Joncker-
heere-Terpstra test. Data were expressed as mean ± SEM.
In order to compare results between the different follicu-
lar stages analyzed, the non parametric Wilcoxon rank
sum Mann Whitney test was used. Tests were all per-
formed using StatXact 5.0 software (CYTEL, Cambridge,
MA, USA, http://www.cytel.com).
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