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Introduction

Protein p21 belongs to the Cip/Kip family of cyclin kinase 
inhibitors [1]. p21 is a physiological regulator of cell cycle [2-9] cell 
differentiation [10-14], apoptosis [15-17] and expression of IGF-I 
mRNA [14] in various non-ovarian tissues. The available knowledge 
concerning involvement of p21 in control of ovarian functions are 
limited by reports on presence of p21 protein in ovaries of mice 
[18,19], macaca mulatta [20] and human [21-23] and on p21-induced 
suppression of proliferation of mice ovarian granulosa cells [19]. The 
role of p21 in regulation of secretory activity of both non-ovarian and 
ovarian tissues remains unknown yet. 

In contrast to p21, the role of follicle stimulating hormone (FSH) 
and insulin-like growth factor I (IGF-I) in control of ovarian secretory 
activity is well documented [24-28]. IGF-I in non-ovarian cells can 
promote p21 accumulation [17,29]. Therefore, it is possible, that the 
action of IGF-I and maybe of other hormones on ovarian secretory 
activity could be mediated by p21. In this case, effects of p21 and 
hormone should be either similar or opposite, and changes in p21 
should modify action of hormone. Nevertheless, the effect of p21 on 
ovarian secretory activity and on the action of FSH and IGF-I were not 
examined yet. 

In our in vitro experiments we aimed to examine possible 
involvement of p21 in regulation of porcine ovarian granulosa cell 
secretory activity. For this purpose, we examined the influence of p21 
overexpression on release of IGF-I, progesterone (P4), oxytocin (OT), 
prostaglandin E2 (PGE2) and prostaglandin F2α (PGF2α). The second 
aim of our studies was to detect, whether p21 might be involved 
in mediating actions of FSH and IGF-I on granulosa cells. For this 
purpose, we compared effects of p21 overexpression, FSH and IGF-I 

on release of hormones and examined the influence of transfection-
induced overexpression of p21 on response of granulosa cells to FSH 
and IGF-I.

Materials and Methods

Preparation, culture and processing of ovarian cells

Granulosa cells used in our in vitro experiments were obtained 
from the ovaries of non-cycling, pubertal (100-120 days of age) 
gilts, after a slaughter at a  local abattoir. The stage of ovarian 
cycle was determined by visual inspection of both ovaries. Only 
ovaries containing medium size (2-5 mm in diameter) follicles, 
but no ovulations and fresh or old corpora lutea were used in the 
experiments. The ovaries were transported to the laboratory in a 
sterile physiological solution at 4°C. Granulosa cells were harvested 
and processed as described previously [30-32]. Briefly, the follicular 
fluid was aspirated from follicles of 3-5 mm in diameter and suspended 
in Dulbecco’s modified Eagle’s medium (DMEM)/F-12 1:1 + 2% fetal 
calf serum (FCS) (all from Sigma, St. Louis, USA). The harvested cells 
were washed twice by centrifugation for 10 min at 200xg. The pellet 
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Abstract
Protein p21, member of the Cip/Kip family of cyclin kinase inhibitors, is a physiological regulator of cell cycle, 

differentiation and apoptosis in various cell types. Its role in regulation of secretory activity of both non-ovarian and 
ovarian tissues is unknown.

The aim of our in-vitro experiments was to examine possible involvement of p21 in regulation of porcine ovarian 
granulosa cells secretory activity. Monolayer of primary granulosa cells was transfected with plasmid vector encoding 
human p21 cDNA, and cultured with or without addition of follicle-stimulating hormone (FSH) or insulin-like growth factor 
I (IGF-I) (both at 0, 1, 10 or 100 ng/ml). Release of IGF-I, progesterone (P4), oxytocin (OT), prostaglandins E2 (PGE2) 
and F2α (PGF2α) was assayed by using RIA. We observed, that (1) p21 promoted the release of P4, OT, PGE2 and had 
no impact on IGF-I and PGF2α output, (2) FSH stimulated the release of IGF-I and P4, (3) IGF-I enhanced the release of 
OT, P4 and PGE2 , but it inhibited the release of PGF2α, (4) overexpression of 21 was able to modify the effects of IGF-I, 
but not of FSH.

Our observations (1) demonstrate for a first time the involvement of p21 in regulation of hormones release P4, 
OT and PGE2 by ovarian granulosa cells, (2) confirm the regulation of porcine ovarian hormone release by FSH and 
IGF-I and (3) suggest, that p21 is not a mediator of FSH action on porcine ovarian P4 and IGF-I; involvement of p21 in 
mediating IGF-I action on some porcine ovarian hormones is not to be excluded, but it requires further confirmation.
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of granulosa cells was resuspensed in DMEM/F-12 1:1 supplemented 
with 10% FCS and with 1% antibiotic-antimycotic solution (Sigma) to a 
concentration 106 cells/ml medium. The portions of cells suspension 
were dispensed to 24-well culture plates (Becton Dickinson, Lincoln 
Park, NJ, USA) in 1ml aliquots. Cells were incubated at 37.5°C and 5% 
CO2 humidified air until a 50-60% confluent monolayer was formed 
(18-24 hours). After primary cultivation, the medium from the plates 
was aspirated and cells were washed by DMEM/F12. Immediately, 
transfection medium containing a transfection reagent Roti Fect 
(Carl Roth, Karlsruhe, Germany) and a gene construct were added 
to the cell culture, according to the manufacturer’s instructions. 
Cells were divided into three groups: the first, control group was 
transfected with tranfection reagent and a plasmid vector (pEGFP-N1, 
Clontech cat.no: 6085-1) encoding a reporter gene Enhanced Green 
Fluorescent Protein (EGFP) (GenBank accession: U55762). Second 
group was transfected with expression vector (WAF1-pcDNA3, gift 
from Dr. Perkins) for human p21 cDNA (GenBank acc.no: S67388.1) 
[33]. Granulosa cells were incubated after transfection in culture 
medium (DMEM/F-12 supplemented with 10% FCS and 1% antibiotic-
antimycotic solution, 2ml medium per well) at 37.5°C and 5% CO2 
humidified air until the formation of approximately 80% confluent 
monolayer of adherent cells. Culture medium was supplemened with 
addition of porcine FSH or IGF-I (gift from Dr.A.P.F.Parlow, National 
Hormone and Pituitary Program, Torrance, CA, USA) at concentrations 
0, 1, 10 or 100 ng/ml. At the time of finishing the culture, cell 
numbers and viability were determined by Trypan blue staining and 
counting in a haemocytometer. The viability of cells was 70-80%. No 
statistically significant differences in these indices between control 
and experimental groups were observed. After terminating the 
culture, the medium from 24 well plates was aspirated and frozen at 
-18°C to await RIA. 

Immunoassay

Concentrations of IGF-I, OT, P4 PGE2 and PGF2α were determined in 
25-100µl samples of incubation medium by RIA. The concentrations 
of OT, PGE2 and PGF2α were assayed using by our own RIA/IRMA 
systems [34]. The release of hormones IGF-I and P4 was assayed 
using RIA/IRMA kits from Immunotech (Marseille, France) according 
to the manufacturer’s instructions. The characteristics of assays are 
described in Table 1.

SDS-PAGE-Western immunoblotting

SDS-PAGE-Western immunoblotting was performed as described 
previously [32] to evaluate effectivity of cell transfection with p21 
cDNA gene construct. Primary mouse monoclonal antibodies against 
p21 (Santa Cruz Biotechnology) (dilution 1:250) and secondary 
polyclonal rabbit antibodies raised against mouse IgGs and labelled 
with horseradish peroxidase (Sevac, Prague, Czech Republic) (dilution 
1:1000) were used. Immunoreactive bands were visualised using the 
detection reagents Upstate Visualizer Western Blot (Temecula, CA, 
USA) and exposed on ECL Hyper-film (Amersham International).

Statistics

Each experimental group was represented by 6 culture wells in 
plates. Each series of experiments was performed 3 times. Samples 
for each experiment were obtained from 30-35 animals. The data 
shown are the means of values of these three separate experiments. 

RIA: Assays of hormone concentration in the incubation medium 
were performed in duplicates. The values of blank controls (serum-
supplemented medium incubated without cells) were subtracted from 
the specific values determined by RIA in cell-conditioned medium to 
exclude any non-specific background (less than 10% of total values). 
Rates of secretion were calculated per 106 viable cells/day.

SDS-PAGE: Samples from each corresponding group (6 per group) 
were pooled before the performing SDS-PAGE. Quantification of 
the specific signals was performed by using densitometry by using 
Kodak Molecular Imaging Software 4.0 (Eastman Kodak Company, 
Rochester, NY, USA). 

Significant differences between the experiments and groups 
were evaluated using ANOVA for repeated measurements followed by 
paired Wilcoxon-Mann-Whitney test, Sigma Plot 11.0 software (Systat 
Software, GmbH, and Erkhart, Germany). Differences from control at 
P<0.05 were considered as significant.

Results
Cultured porcine granulosa cells were able to create a monolayer 

in the culture, to produce protein p21 and to release hormones IGF-I, 
OT, P4, PGE2 and PGF2α. 

Fluorescent microscopy showed, that more than 50% of cells 
which was transfected with a plasmid DNA vector with the reporter 
gene for EGFP, contained fluorescent EGFP. It indicated succesful 
transfection with marker reporter plasmid. Additionally, SDS-PAGE-
Western immunoblotting demonstrated that cells transfected with 
p21 cDNA vector plasmid produced significantly higher amount of 
this protein as control cells (Figure 1).

RIA analysis showed, that p21 promoted P4 (Figure 2a,3b), OT 
(Figure 3a) and PGE2 (Figure 3c) release, but did not influenced IGF-I 
(Figure 2b) and PGF2α release (Figure 3d).

In non-transfected cells, FSH, when added to the culture medium, 
increased the release of IGF-I (Figure 2b) and P4 (Figure 2a) at all used 
doses (0, 1, 10, 100 ng/ml). IGF-I (at concentrations 10 and 100 ng/
ml, but not at 1 ng/ml) promoted the release of OT (Figure 3a) and P4 
(Figure 3b). IGF-I (at concentration 100 ng/ml but not at 1 and 10 ng/
ml) enhanced the release of PGE2 (Figure 3c) and (at all used doses) 
inhibited the release of PGF2α (Figure 3d).

FSH added to culture medium of cells transfected with vector 
encoding p21 cDNA promoted the release of IGF-I (at doses 10 and 
100 ng/ml, but not at dose 1 ng/ml; (Figure 2b) and P4 (at all used 
concentrations; Figure 2a). IGF-I in cells overexpressing p21 did not 

Substance 
assayed Specificity of assay (cross-reactivity of antiserum) Sensitivity of 

assay (ng/ml)
Coefficients of variation
Intra-assay Inter-assay

IGF-I <0.001% to insulin, proinsulin, IGF-II, GH 2.0 6.3% 6.8%
Oxytocin <0.01% to arginine-vasopressin, lysine. -vasopressin, arginine-vasotocin, ghrelin, leptin and FSH 0. 12 13. 1 8. 0
Progesterone <0.01% cortisol, estradiol, 5α-, 5β-Pregnandione, 16α-, 17α-, 6β-Hydroxyprogesterone 0.05 5.8% 9.0%

PGE2
<28.0% to PGA-1, <7.0% to PGA-2, <0.6% to PGB-1, <1.4% to PGB-2, <5.0% to PGF-1, <1.5% to PGF-
2, 165% to PGE-1, 100% to PGE-2 0. 015 7. 5 4. 0

PGF2α <0.01% to PGA-1, PGA-2, PGB-1, PGB-2, <0.1% to PGE-1, PGE-2, 66% to PGF-1, 100% to PGF-2 0. 003 10. 5 5. 6

Table 1. Characteristics of immunoassays used in experiments.



Citation: Pavlová S, Vašíček D, Kotwica J, Sirotkin AV (2010) Involvement of Cell Cycle and Apoptosis-Related Protein p21 in Control of Secretory 
Activity of Porcine Ovarian Cells. J Steroids Hormon Sci 1:102. doi:10.4172/2157-7536.1000102

                                    
     

    
   

   
   

   
   

 O
M

IC
S Publishing GroupJ Steroids Hormon Sci

ISSN:2157-7536 JSHS an open access journal 
Volume 1• Issue 1•1000102

Page 3 of 5

influence OT (Figure 3a) and PGF2α (Figure 3d) release. In these cells, 
IGF-I (at dose 1 and 10 ng/ml, but not at 100 ng/ml) inhibited P4 release 
(Figure 3b) and (at 10 ng/ml, but not at 1 or 100 ng/ml) reduced the 
PGE2 output (Figure 3c).

Discussion
Our observations of release of  hormones by cultured porcine 

granulosa cells correspond with previous data on secretion of IGF-I 
[35], P4 [36], OT [37], PGE2, PGF2α by porcine granulosa cells. 

Effect of p21 on secretory activity of porcine granulosa cells

Our observations of protein p21 presence in porcine ovarian 
granulosa cells are the first demonstrations of  production of this 
protein in porcine ovary. Moreover, this is the first demonstration 
of involvement of p21 in control of hormones secretion. In our 
experiments, p21 stimulated P4, OT and PGE2 release but did not 
affect IGF-I and PGF2α release. As P4 is inhibitor of granulosa cell cycle 
[38] and p21 enhanced its release, it is possible, that p21 is able to 
regulate granulosa cell cycle through up-regulation of P4 output as 
well. P4, PGE2 and OT are important luteotropic factors [39-45]. It is 
therefore not to be excluded, that p21 could promote differentiation/
luteinisation of granulosa cells through the stimulatory effect on P4, 
OT and PGE2 release. On the other hand, p21 is not probably involved 
in prostaglandin F2α -induced luteolysis as it did not affect the 
release of luteolytic PGF2α. Our observations, that p21 did not effect 
IGF-I release are not in line with report of [14], who documented 
stimulatory action of p21 on IGF-I expression in non-ovarian cells. It 
suggests, that p21 action on IGF-I can be tissue-specific.

Effects of FSH and IGF-I on secretory activity of porcine 
granulosa cells

In our experiments FSH promoted the release of hormones 
IGF-I and P4. These observations correspond the known data on 
stimulatory effect of gonadotropin on secretion of IGF-I [35,26]  and 
P4 [36,45] by cultured porcine granulosa cells. IGF-I increased the 
release of OT, P4 and PGE2 and inhibited the release of PGF2α. Our 
data on stimulatory action of IGF-I on OT release and on inhibitory 
effect on PGF2α release correspond previous reports of [46] (bovine 
granulosa cells), of [37,47] (bovine and porcine granulosa cells) and 
of [48] (human corpus luteum). The observed activation of P4 release 
after IGF-I additions are in line with previous reports of [24] (rat, 
porcine and human granulosa cells), of [49] (rabit granulosa cells), of 
[50] (porcine corpus luteum). Concerning regulation of PGE2 secretion 
by IGF-I, [48] observed stimulatory effect of IGF-I on PGE2 release 
in human corpus luteum, [27] documented up-regulation of PGE2 
synthesis in transformed human ovarian cells, [37] did not observe 
any effect of IGF-I on PGE2 secretion by porcine granulosa cells. In our 
studies IGF-I stimulated PGE2 release, which correspond the majority 
of publications mentioned above. In summary, our results confirm 
the importance of IGF-I in regulation of secretory activity of ovarian 
granulosa cells.

Interrelationskips between p21, FSH and IGF-I in  porcine 
granulosa cells

In Introduction it was hypothesised, that p21 could be a mediator 
of FSH and/or IGF-I actions on secretory activity of granulosa cells. 
We postulated, that if these hormones regulate ovarian secretory 
activity through stimulation of p21, they and p21 should have 
similar effects, and overexpression of p21 should promote effects of 
hormones. On the contrary, we postulated that if FSH and IGF-I affect 

Figure 2: Effect of FSH (0,1,10,100 ng/ml) and transfection with human p21 
cDNA on the release of P4 (a) and IGF-I (b) Monolayer of granulosa cells of 
prepubertal gilts were transfected with human p21 or EGFP gene construct (as 
control) and after 30 hours of incubation with or without FSH (0,1,10,100 ng/
ml medium) analyzed by RIA. Data are the mean +- S.E.M. a - Effect of FSH 
addition: significant (P < 0.05) differences between cells cultured with (1,10 
or 100 ng/ml) and without (0 ng/ml) FSH. b - Effect of transfection with p21 
gene construct: significant differences between corresponding groups of cells 
transfected and not transfected with p21 cDNA construct.
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Figure 3: Effect of FSH (0,1,10,100 ng/ml) and transfection with human p21 
cDNA on the release of P4 (a) and IGF-I (b) Monolayer of granulosa cells of 
prepubertal gilts were transfected with human p21 or EGFP gene construct (as 
control) and after 30 hours of incubation with or without FSH (0,1,10,100 ng/
ml medium) analyzed by RIA. Data are the mean +- S.E.M. a - Effect of FSH 
addition: significant (P < 0.05) differences between cells cultured with (1,10 
or 100 ng/ml) and without (0 ng/ml) FSH. b - Effect of transfection with p21 
gene construct: significant differences between corresponding groups of cells 
transfected and not transfected with p21 cDNA construct.
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Figure 1: Effect of transfection with human p21 cDNA on the accumulation 
of porcine granulosa cells containig protein p21. Monolayer of granulosa 
cells of prepubertal gilts were transfected with p21 gene construct and after 
30 hours of incubation analyzed by SDS-PAGE-Western immunoblotting. 
Molecular weight is indicated (kDa). Loading control GAPDH is not shown.
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ovary through inhibition of p21, their effects should be opposite, and 
overexpression of p21 should prevent or invert the effects of FSH 
and IGF-I.

In our experiments FSH stimulated the release of IGF-I and P4  and 

p21 did not affect IGF-I release and promoted P4 output. Therefore, 
only part of FSH and p21 effects were similar. Furthermore, p21 
did not promote or prevent FSH action. These observations did not 
confirm the hypothesis about mediating FSH action by p21 on IGF-I 
and P4 release by porcine granulosa cells.

IGF-I and overexpression of p21 had similar stimulatory actions on 
the release of P4, OT and PGE2, but not on PGF2α. This indicates, that 
IGF-I can affect P4, OT and PGE2 via stimulation of p21 accumulation. 
On the other hand, overexpression of p21 did not promote, but rather 
prevented IGF-I effects on release of ovarian hormones-blocked its 
actions on OT and PGF2α release and reversed its stimulatory effects 
on P4 and PGE2 release on inhibitory. This corespond the hypothesis, 
that IGF-I affects these hormones through inhibition of p21. 

Therefore, our observations did not provide conclusive evidence, 
that IGF-I affect ovarian secretory activity through either promotion 
or suppression of p21. To confirm the role of p21 as mediator of IGF-I 
action in control of secretory activity in porcine ovary, it should be 
demonstrated, that IGF-I affects accumulation or activation of p21, 
and that p21 blockade influences IGF-I-stimulated functions.

Taken together, our observations

1.	 demonstrate for a first time the involvement of p21 in stimulation of P4, OT and 
PGE2 release, but not in IGF-I and PGF2α release by porcine granulosa cells,

2.	 confirm the role of FSH in promotion of IGF-I, P4 release and the role of IGF-I 
in up-regulation of OT, P4 and PGE2 release and in down-regulation of PGF2α 
release by porcine ovarian cells,

3.	 Suggest, that p21 is probably not a mediator of FSH action on porcine ovarian 
P4 and IGF-I; the involvement of p21 in mediating IGF-I action on some porcine 
ovarian hormones is not to be excluded, but it requires further confirmation.
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