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Abstract — The aim of our in vitro experiments was to study the role of growth factors and protein
kinase A (PKA)-dependent intracellular mechanisms in the control of nuclear maturation of porcine
oocytes. Oocytes were cultured with or without growth factors (IGF-I, IGF-Il, EGF; ‘hiLny
medium) and inhibitors of PKA (Rp-cAMPS or KT5720; 100my~1). Stages of meiosis were
determined from the structure of chromosomes after staining with Giemza. Intracellular levels of
PKA were evaluated immunocytochemically using primary antisera against the PKA regulatory and
catalytic subunits and by Western immunoblotting using primary antiserum against the PKA cat-
alytic subunit. It was found that after 24 h culture the majority of oocytes had resumed nuclear mat-
uration (they were at a stage of meiosis after diplotene) and that after 48 h culture the majority of cells
had completed maturation (they had reached metaphase Il of meiosis). Addition of IGF-I, IGF-II or
EGF, or a combination of IGF-1 and EGF, significantly increased the proportion of oocytes which
resumed and completed meiosis. Immunocytochemistry demonstrated a significant increase in the pro-
portion of cells containing catalytic and, in some cases, the regulatory subunits of PKA after addition
of IGF-I, IGF-Il and EGF. Immunoblotting showed the presence of 2 forms of the PKA catalytic sub-
unit within the oocytes (MW approximately 52 and 40 kD). EGF, but not IGF-I or IGF-II, increased
the content of both isoforms. Inhibitors of PKA, when given alone, did not substantially influence the
proportion of oocytes which resumed or completed meiosis. However, Rp-cAMPS and KT5720
both prevented the stimulatory effects of IGF-1, IGF-1l and EGF on the resumption and completion
of oocyte maturation. The present observations suggest (1) that IGF-I, IGF-1l and EGF are potent stim-
ulators of both resumption and completion of porcine oocyte nuclear maturation, (2) that PKA is
present in oocytes, and (3) that PKA-dependent intracellular mechanisms can mediate the action of
growth factors on porcine oocytes.
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Résumé— Les facteurs de croissance IGF-I, IGF-Il et EGF peuvent stimuler la maturation
nucléaire de I'ovocyte de porc par la voie intracellulaire de la protéine kinase ACes
expériences ont pour but d’étudier in vitro le role des facteurs de croissance et des mécanismes
intracellulaires dépendant de la protéine kinase A (PKA) vis-a-vis du contrdle nucléaire des ovocytes
porcins. Des ovocytes ont été cultivés avec ou sans facteurs de croissance (IGF-I, IGF-Il, EGF ;
10 ngmL~1 de milieu) et avec ou sans des inhibiteurs de la PKA (Rp-cAMPS, KT5720 ; 100
ngmL-1). Les stades de la méiose ont été déterminés par examen des chromosomes aprés coloration
par le Giemza. Les niveaux intracellulaires de PKA ont été évalués par immunocytochimie en utili-
sant un anticorps primaire de la sous-unité régulatrice et de la sous-unité catalytique de PKA et par
Western immunoblot avec des anticorps primaires dirigé contre la sous-unité catalytique. Apres 24
h de culture, la majorité des ovocytes a repris sa maturation nucléaire (stade diploténe dépassé) et elle
I'a terminée (stade métaphase Il atteint) apres 48 h. L'addition de IGF-I, IGF-Il ou ’EGF, ou une com-
binaison de IGF-I et d’'EGF, accroit significativement la proportion d’ovocytes qui ont repris et ter-
miné leur méiose. L'addition de IGF-I, IGF-Il ou d’'EGF s'accompagne d’'un accroissement significatif
des cellules exprimant la sous-unité catalytique et dans certains cas la sous-unité régulatrice de la PKA
(immunocytochimie). La présence de deux formes de la sous-unité catalytique a l'intérieur des ovo-
cytes est montrée en immunoblot (PM 52 et 40 kD environ). EGF mais non IGF-I ou IGF-Il augmente

le contenu des deux isoformes. Les inhibiteurs de la PKA, utilisés seuls, ne modifient pas la proportion
des ovocytes qui reprennent ou terminent leur méiose. Cependant ils préviennent les effets stimulants
de IGF-I, IGF-IIl et EGF. Ces observations suggerent que : (1) IGF-I, IGF-1l et EGF sont des sti-
mulateurs efficaces de la reprise et de I'achévement de la maturation nucléaire chez le porc,
(2) PKA est présente dans les ovocytes, et (3) les facteurs de croissance peuvent agir sur les ovocytes
porcins par des mécanismes intracellulaires dépendant de la PKA.

IGF-1/ IGF-II ] EGF / protéine kinase A / méiose / porc

1. INTRODUCTION gonadotropin receptors [19, 25] and ovar-
ian response to gonadotropin [10], or

Oocyte maturation may be regulated bydirectly, via growth factor receptors and
growth factors produced by the surroundrelated intracellular messengers. The intra-
ing follicular cells. This hypothesis is sup-cellular mechanisms by which growth fac-
ported by the production of growth factors intors affect oocyte maturation are unknown.
ovarian cells and their accumulation in fol-The mechanism may involve tyrosine kinase
licular fluid [4, 11, 38], by the presence of (TK) because TK activity is increased dur-
growth factor receptors in the oocyte [4],ing porcine meiosis [16, 27] and genistein,
and by the ability of epidermal growth fac-a TK inhibitor, inhibits maturation of the
tor (EGF; rat: [5], mouse: [7], rabbit: [24], porcine oocyte-cumulus complex [18]. In
cow: [2, 15, 22-24], pig: [2, 6, 12, 31, 34]), other experiments, however, genistein failed
insulin-like growth factor Il (IGF-II, cow: to prevent EGF [33]- and IGF-I [38]-
[1]) and IGF-I (rabbit: [24, 42]; cow: [13, induced cumulus expansion and oocyte mat-
23]) to promote nuclear maturation in cul-uration, suggesting that TK does not medi-
tured oocytes. Other authors found no influate growth factor effects on meiosis. Pro-
ence of IGF-I on bovine [1, 14] or porcinetein kinase C is probably not involved in
[12, 31] oocytes. Thus although most reportthis process [17, 37].

describe meiosis-stimulating effects of There is some data to suggest that oocyte
growth factors, this requires further clarifi- matyration is regulated by the cAMP/pro-
cation. tein kinase A (PKA) system but the evi-
Growth factors may influence ovariandence is not unequivocal. EGF increased
cells indirectly, affecting a number of cAMP formation in murine oocytes [7] and
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in some [33] but not all [3] experiments onreproductive abnormalities, were obtained
porcine oocytes. Activators of the cAMP/from a local abbatoir. All experiments were
PKA system inhibited murine [9, 32] and performed in winter to avoid the influence of
rabbit [40, 41] oocyte maturation. Growthseason. One hour after slaughter the oocytes
and maturation of the porcine oocyte-cumuwere aspirated by syringe from ovarian fol-
lus complex was respectively activated [29]icles 2—8 mm in diameter. Haemorrhagic,
and inhibited [17, 33] by stimulators andcystic, presumptive preovulatory follicles
blockers of PKA. In other experiments, how-(wider than 8 mm) and follicles with visible
ever, the maturation of porcine [3, 30] andsigns of atresia were excluded. The aspi-
bovine [37] oocytes was prevented by stimfated content of follicles was washed 3 times
ulators of cAMP/PKA. The involvement of in TCM-199 (Sigma, St.-Louis, USA) sup-
the catalytic subunit of PKA in the media-plemented with 10% FCS (Sigma). Oocytes
tion of GH/IGF-I effect was previously were collected with a glass pipette, while
demonstrated on ovarian follicular cells [36],small, pycnotic, vacuolated oocytes and
but not on oocytes. Downs and Hunzickeroocytes without a developed cumulus invest-
Dunn [8] showed that different isoforms of ment were excluded from the experiments.
PKA can have a paradoxical action onSubsequently, oocytes were cultured in 5%
murine oocyte-cumulus complexes: theCO, in air, at 37.5 °C under paraffin oil in
cAMP analogues-activators of type | regu-1 mL of TCM-199 supplemented with 10%
latory subunit of PKA inhibited oocyte mat- heat inactivated FCS and a§-mL-1 antibi-
uration. Therefore, the cAMP/PKA systemotic-antimycotic solution (Sigma). The fol-
is a hypothetical mediator of growth factorlowing treatments were added to the
effect on oocytes, although mechanisms afmedium of experimental groups: recombi-
PKA action on oocytes, as well as the internant human IGF-1 (Calbiochem, Lucerne,
relationships between cAMP/PKA andSwitzerland; 10 ngnL™1), IGF-1l, EGF
growth factors other than EGF, remain(Sigma; both 10 ngnL~Y), Rp-cAMPS
unknown. Oocyte PKA itself and the effects(cCAMP antagonist) or KT5720 (direct
of growth factors on PKA within the oocytesinhibitor of PKA; both 100 ngnL-%;
have not been analyzed previously. ThereCalbiochem-Novabiochem Corp. La Jolla,
fore, the role of PKA in mediating growth USA), a combination of IGF-I with EGF
factor effects on oocytes requires furtheand combinations of IGF-I, IGF-Il and EGF
study. with Rp-cAMPS or KT5720 at the doses
The aim of our investigations was toindicated above. It has previously been
determine (1) the influence of IGF-I, IGF-II Shown that these doses of the preparations
and EGF on porcine oocyte nuclear matubave mz.mmal effects on hormone release
ration, (2) the presence of PKA within Py porcine granulosa cells [35] and on
oocytes, and (3) the role of the CAMP/PKAPOCine oocyte maturation [38]. Lyophyl-
system in mediating the effects of growthized IGF-I and IGF-Il were reconstituted in
factors on porcine oocytes. In the presentO0HL of 10 mM HCI, while KT5720 was
study we analyzed nuclear rather than cytgdissolved in SQUL of DMSlo to reach con-
plasmic maturation of oocytes. centrations of 1 mgnL™" Immediately
before the experiment, these stock solutions
were dissolved in incubation medium so
2. MATERIALS AND METHODS that the content of HCI or DMSO did not
exceed 0.001% of medium. Other sub-
2.1 Collection and culture of oocytes stances were dissolved immediately before
experiment in the incubation medium men-
Ovaries from non-cycling Slovakian tioned above. Control medium contained
white gilts, 180 days of age without visiblenone of these supplements. In the first series
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of experiments (dynamics of nuclear matcross-react with the related subunits of
uration of oocytes), oocytes were culturechuman, dog, rat, bovine and porcine PKAs.
for 48 h and samples collected after 0, 12The activity and specificity of these anti-
24, 36 and 48 h of incubation. In the sechodies at these dilutions, as well as the abil-
ond series of experiments (effects of growthty of both Rp-cAMPS and KT5720 to block
factors and PKA inhibitors on oocyte mat-PKA immunoreactivity were confirmed
uration and PKA content), oocytes were colprior to the experiments by Western blot-
lected after 40 h of culture (the first series ofing and immunocytochemical analysis of
experiments indicated that this was suffiporcine granulosa cells (not shown). For
cient time for the completion of nuclear mat-visualization of PKA, a secondary poly-

uration in more than 50% of oocytes). clonal antibody was used against mouse 1gG
labeled with horseradish peroxidase (HPA)
2.1.1. Cytogenetical analysis (SWAM Px, Sevac, Prague, Czech Republic;

dilution 1:500) and DAB-reagent (Boehringer

The collected oocytes were processe®lannheim GmbH, Mannheim, Germany;
according to Tarkowski [39]. They were 10%). The oocytes treated with anti-mouse
washed for 1 min in 0.9% Na citrate and/9G-HPA and DAB, but not with anti-PKA
after removal of cumulus oophorus byPrimary antibodies, were used as negative
pipette were placed on microscopic slides¢ontrol. These oocytes contained up to
fixed with a mixture of pure methanol and10 grains of DAB per cell. Therefore,
glacial acetic acid (3:1), air-dryed andoocytes containing more than 10 grains of
stained with Giemza (Sigma) for determi-DAB per cell were defined as positively
nation of the meiotic stage as indicated bytained.
the structure of stained chromosomes.

Oocytes which remained at the diplotene- 2.1.3. Protein gel electrophoresis
dictyotene stage were considered as “not and immunoblotting
resuming meiosis”; oocytes at diakinesis,

metaphase I, anaphase I, telophase | and A number of oocytes (30 per group) was
metaphase Il of meiosis were considered t§,zed by repeated freezing-thawing and
be “resuming nuclear maturation”; oocytespipetting in 5QuL of kinase lysis buffer (1%
which had reached metaphase Il were clasfriton X-100, 0.5% Igepal (PN-40), 5 mM
sified as having completed pre-fertilizationEpTA, 20 pg-mL-1 phenilmethylsulfonyl
nuclear maturation. Oocytes with degenerfiyoride, 10ug-mL-1aprotonin, 1qug-mL-1
ated chromosomes (uncoiled, fragmentedeupeptin, and 10 mM sodium ortovanadate
aggregated or unspread) in which the stagg PBS, pH 7.5, all from Sigma). The lyzates
of meiosis was difficult to determine werethen were mixed 1:1 with electrophoretic
excluded from analysis (4—9% of the totalyffer (0.0625 M Tris-base, 2% SDS, 10%
population of oocytes in each group).  glycerol, 5% 2-mercaptoethanol, 0.003%
bromophenol blue, all from Sigma), boiled
2.1.2. Immunocytochemical analysis at 95 °C for 3 min and subjected to
SDS-polyacrilamide gel electrophoresis in
A fraction of each preparation was4% and 10% polyacrilamide in stacking and
destained by washing in 70% ethanol andesolving gel, respectively, at a constant
processed by immunocytochemistry [28]current of 25 mA according to Laemmli
using primary mouse monoclonal antibodie$20]. The samples were then transferred to
against the regulatory subunit | (dilutionnitrocellulose membrane ECL Hybond
1:1000) and catalytic subunit C-alpha (dilu(Amersham International plc., Little Chal-
tion 1:250) of PKA (Transduction Labora- font, UK) using a semi-dry trans-blotter
tories, Lexington, USA). These antibodies(Bio-Rad Labs, Richmond, USA) during 1 h.



Growth factors and oocyte maturation 563

Endogenous peroxidase in samples wasxperiments. Immunoblotting was per-
blocked by incubation in 3% }®, for formed on 540 oocytes from the second
15 min, and non-specific binding of anti- series of experiments. The coefficient of
serum was prevented by incubation in 5%variation between experiments did not
blot-qualified BSA (Amersham International exceed 22%. Significant differences in the
plc.) in TTBS (20 nM Tris-base, 137 nM proportion of oocytes at different meiotic
NacCl, 0.1% Tween-20). Blocked membranestages, or in PKA immunoreactivity con-
was probed with mouse monoclonal antitent were evaluated by the Chi-square test.
body against the catalytic subunit of PKADifferences from the control with < 0.05
described above, at a dilution of 1:250. Thavere considered significant.

membrane was then detected using sec-

ondary HPA-conjugated anti-rabbit IgG anti-

body, and visualized using ECL detection 3 RESULTS

reagents and ECL Hyper-film (all from

Amersham International plc.) according to  3.1. Nuclear maturation

the manufacturers instructions. Lysates of of porcine oocytes during in vitro

rat pituitary glands (provided by Amersham  culture (series 1)

International plc.) and porcine ovarian fol-

licles (5 cut follicles, 3 mm in diameter, |t a5 observed that immediately after
washed free of follicular fluid using PBS, isq|ation and before culture, 96% of porcine
in 100uL of kinase lysis buffer) acted as 5qcytes were at the diplotene stage of meio-
positive controls, while incubation medium gis “The remainder were at diakinesis-

without cells was used as a negative Cofyetaphase I. No oocytes were observed to
trol. The molecular weights of fractions werep, 5,/ completed meiosis (at telophase-

gvaluated using a molecular weight Ca”brametaphase I1) so far. After 12 and 24 h of
tlon_klt (from 14.4 to 94.0 kD) from Serva culture, the number of oocytes which
(Heidelberg, Germany). resumed meiosis had increased but very few
reached completion. After 36 h of incubation
- only a few oocytes remained suspended at
2.3. Statistics diplotene; 46% of the cells had completed
nuclear maturation. After 48 h of culture
Each experimental group was represente@7% of oocytes had completed meiosis
by 20-30 oocytes. Each experiment wagFig. 1).
performed on oocytes obtained from
2040 animals. As a rule, all treatments were
tested simultaneously in the same experi- 3.2. Effects of growth factors
ment. The data shown are means obtained in On 0ocyte nuclear maturation
3 to 6 replicate experiments performed on (series II)
separate days using separate pools of cells.
In the first series of experiments (maturation This series of experiments (Tab. I)
of oocytes during culture) the cytogeneticademonstrated that all the growth factor treat-
analysis was performed on 701 oocytesments had a stimulatory influence on both
whereas in the second series (effectthe resumption and completion of meiosis.
of growth factors and PKA blockers), IGF-1, EGF and IGF-Il reduced the per-
1565 oocytes were analyzed. Immunocytoeentage of oocytes which failed to resume
chemical detection of the PKA catalytic sub-meiosis and increased the proportion of
unit was performed on 119 oocytes, whilstbocytes completing meiosis. The combina-
the PKA regulatory subunit was identified intion of IGF-1 + EGF stimulated completion
147 oocytes from the second series obf meiosis too.
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3.3. Effects of PKA inhibitors blocker KT5720) substantially affected the
on spontaneous and growth resumption or completion of meiosis. Both
factor-induced oocyte maturation PKA inhibitors prevented the effects of IGF-I

(series 11) or EGF on the resumption and completion

of oocyte nuclear maturation. The effects of
Nor inhibitor of PKA (neither the cAMP IGF-Il were also prevented by Rp-cAMPS,
antagonist Rp-cAMPS nor the direct PKAwhilst KT5720 enhanced the stimulating
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Table I. Effects of growth factors, inhibitors of PKA and their combinations on the nuclear maturation
of porcine oocytes after 40 h culture.

Treatment Number of analyzed % oocytes
oocytes
Not resumed meiosis Completed meiosis

Control 109 15.6 37.6
Rp-cAMPS 156 10.3 41.0
KT5720 153 131 39.9
IGF-I 154 6.5* 72.7*
IGF-I + Rp-cAMPS 141 11.4 51.1
IGF-1 + KT5720 136 20.6 43.4
EGF 117 4.3* 59.0*
EGF + IGF-I 63 7.9 57.2*
EGF + Rp-cAMPS 111 18.9 40.5
EGF + KT5720 102 8.6 39.2
IGF-II 118 7.6* 56.8*
IGF-Il + Rp-cAMPS 96 15.6 39.6
IGF-I + KT5720 | 109 2.8* 44.0

* Significantly (p < 0.05) different from control (without additions).
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effect of IGF-1l on the resumption of meio-  Immunoblotting (Fig. 2) confirmed the
sis but did not influence its effect on thepresence of the catalytic subunit of PKA in
completion of meiosis in porcine oocytesporcine oocytes. In the control and in most
(Tab. 1). of the experimental groups this substance
was represented by two immunoreactive
fractions with an approximate MW of
3.4. Effects of growth factors 52 kD (upper band) and 40 kD (middle
on PKA within oocytes (series II) band). Addition of IGF-I and IGF-II did not

Immunocytochemical studies showed that

; ; i Table Il. Effects of growth factors on PKA con-
many oocytes contained Immunoreacuvnytent in porcine oocgtes after 40 h culture.

corresponding to the regulatory and catalyti

subunits of PKA. Furthermore, growth fac-Treatment % oocytes contained
tors were able to increase the proportion ¢

oocytes containing PKA (Tab. I1). IGF-I catalytic PKA  regulatory
increased the proportion of cells containing subunit PKA subunit
both the regulatory and catalytic subunits

of PKA. IGF-Il or EGF caused a slight €ontrol (40) 61.9 65.0
increase in the percentage of oocytes wit! GF-1 (37) 77.8% 86.5
detectable amounts of the catalytic subun/GF-11 (28) 762826: 6:438

of PKA but had no influence on the amounfEGF (42)
of re.gulatc_)ry SUbumt' Therefore, in further, Significantly (p < 0.05) different from control (with-
studies using immunoblotting, only the cat-out additions). The number of oocytes analyzed is indi-
alytic subunit of PKA was analyzed. cated in brackets.

PROTEIN KINASE A (Catalytic subunit) IN PORCINE
OOCYTES CULTURED WITH GROWTH FACTORS

Figure 2. Effect of growth e R
factors on protein kinase A fﬁh[;ff-p e "’::‘ ,.;“‘ :
(catalytic subunit) in porcine 2 w
oocytes after 40 h culture in 24 kDa~ e

TCM-199 supplemented with

10% FCS (SDS-PAGE and

Western immunoblotting).

Groups: 1, 2 — oocytes cul-

tured without treatments

(control); 3 — oocytes cultured

with IGF-I; 4 — oocytes cul- 1,2 — control (none)

tured with IGF-II; 5 — oocytes 3 -IGF-I

cultured with EGF; 6 — 4 —IGF-II

oocytes cultured with EGF + 5—EGF

IGF-I; 7 — medium incubated 6 — EGF +IGF-I

without cells (blank control); 7 — Medium

8 — whole ovarian follicle 8 — Ovarian follicular cells

(positive control).
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substantially affect the expression of theseocytes for fertilization and embryo pro-
fractions, although an insignificant trendduction.

lon and a reducton in the Intonsity of the,_TETe is evidence that in non-ovarian
40 kD fraction did occur in these éroups cells, growth factors exert their effects
EGF stimulated the expression of both form%gamly via tyrosine kinase-coupled recep-

. . rs [21, 26]. Several experiments with tyro-
S}EKDSSSr?c?tkt?eOfrr:r;%ﬁﬁ?lgrllcifiugfumem‘sine kinase blockers have indicated the

52 kD band. Furthermore, it induced themvolvement of tyrosine kinase in the action
f growth factors on the maturation of

appearance of the 3rd isoform, the smallet’ 9 .
fraction of the catalytic subunit of PKA with POrcine oocytes [16, 18, 27], but in our pre-
an MW of about 24 kD. The presence of/ious experiments tyrosine kinase blockers
IGF-I prevented the appearance of this 3r ailed to influence the stimulatory effect of

EGF-induced PKA isoform: the PKA profile GF-1 on porcine oocyte maturation [38].

in oocytes treated with a combination OfReguIatlon of spontaneous and' IGE-I-sUm-
EGF + IGF-I did not differ qualitatively U/ateéd maturation of oocytes in pigs and
from that in the control or IGF-I-treated Other Species by stimulators [8, 9, 29, 30,
cells. The lysate of ovarian follicles con-32: 37, 40, 41] orinhibitors [3, 17] of PKA

tained only well-expressed middle formsprowdes indirect evidence that the
(40 kD) and less visible small forms (24 kD), CAMP/PKA system may be another media-
but no large form (52 kD) of the catalytictor of growth factor action on oocytes. Direct
subunit of PKA, which was characteristic d€tection of PKA within oocytes, and the

of oocytes. Blank control (incubation Influence of growth factors on PKA has,
medium) contained no PKA immunoreac-Nowever, not been reported previously.

tivity. The presence of PKA in porcine oocytes
was demonstrated in our experiments using
both Western blotting and immunocyto-
chemistry. Western blotting showed the
(gxistence of at least 2 isoforms of the cat-

4. DISCUSSION

The results presented in Figure 1 andy sic supunit of PKA in porcine oocytes,
Table | demonstrate that although we used 4 these were distinct from the PKA profile
oocytes from prepubertal animals killed in &, oy arian follicles. The 40 kDa fraction is
slaughterhouse, which potentially r.edyce}robably the standard form of PKA present
developmental competence, the majority Of, 5| the cells studied. The causes and sig-

oocytes in our experiments were able Qyfcance of PKA polymorphism observed in
resume and complete meiosis and respong, . experiments is unknown. The least

to grtowtl? f?hctors and pharmac?lé)%'calexpressed 24 kDa fraction of PKA (present
agents. Furthérmore, our présent dala aggsin jn gocytes and in follicular cell lysate)
consistent with other reports (see Introduc

. o can contain fragments-products of PKA
tion) on the ability of IGF-1 and EGF 0 042 daion. Thg 52 kDrfform may be the
stimulate oocyte nuclear maturation in var

ious mammaiian species, although they d_ roduct of a tissue-specific mobility shift
not correspond with the data of some author&duceOI by phosphorylation, glycosylation

nd other modifications of PKA molecules
[12, 31] on the absence of an IGF- effect o, 4|0 by different agents, although the
this process. Moreover, our observation

: ; on-specific binding of antiserum against
are the first to demonstrate the mvolvemenEKA by other peptides present in oocytes

of IGF-II in the regulation of oocyte matu- .
ration in pigs. Growth factors, especiallymUSt not be completely excluded either.

IGF-I, EGF or their combination, can be The present observations are the first
used to improve the production of maturedlemonstration that different growth factors
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are able to change the proportion of cellshe mechanisms underlying their effects on
containing PKA as well as the pattern ofPKA may be distinct and even antagonistic.
PKA within oocytes. Data from immuno-

cytochemistry demonstrated that all growth

factors increased the percentage of cells co KA content: some cells contaned the lat-

taining PKA above the sensitivity limit of ter, but in other cells, even after treatment

the_ method._The role of the regu_latory §Ub§/vith growth factors, PKA content remained
unit of PKA in the control of murine meio-

elow the level of sensitivity (10 grains of

Immunocytochemical data demonstrated
he high variability between oocytes in their

target for growth factors in porcine 00CYteSy¢ wells on growth factors, since the oocytes

is the catalytic subunit rather than the regugith jow PKA levels had a reduced ability to
latory subunit of PKA: all three growth fac- a1yre or respond to growth factors. Nev-
tors affected the catalytic subunit of PKA, ertheless, these processes may not depend on
while the regulatory subunit was regulatedhe total amount of PKA within oocytes but

only by IGF-I. The effect of growth factors rather on the amount or type of bioactive
on PKA subunits in porcine oocytes resempkA or its isoforms [8].

bles the effect of GH on bovine ovarian

cells, where GH activated the catalytic sub- Although PKA in our experiments was
unit, but not the regulatory subunit of PKA analyzed after oocytes resumed or com-
[36]. Data from immunoblotting showed thatpleted meiosis, the ability of growth factors
growth factors are also able to affect the cont© stimulate both PKA and nuclear matura-
tent and forms of catalytic subunits of PKA:tion, as well as the ability of PKA inhibitors
EGF stimulated the expression of the 52 kB30 prevent the effects of IGF-I, IGF-I and

and 40 kD isoforms and induced the formaEGF, suggest that PKA can be an intracel-
tion of the 24 kD isoform. IGF-1 and IGF-II, !ular mediator of growth factor action on
in contrast to EGF, induced a mobility shift € ©0cyte. Thus, previous suggestions that
of the 52 kD band. In addition, IGF-Ii XA IS a possible mediator of EGF action
ac(see Introduction) are confirmed. The current
d data are the first to demonstrate that PKA

. : can mediate the action of IGF-l and IGF-II
formation of the 24 kD isoform PKA. Thus, as well as EGF. The most reliable evidence

all three growth factors were able to affecty e o ement of PKA in growth fac-
both quantitative and qualitative character

istics of the catalytic subunit of PKA, but tor action is available with respect to IGF-I:

, this growth factor stimulated the accumu-
the growth factors produced different pat 4o of hoth PKA subunits and its effect

terns of effects: EGF changed the expressq,id pe prevented by both types of PKA
sion of all three forms of enzyme, IGF-l jnpipitor, In the case of EGF and IGF-I,
affected the 52 and 40 kD bands, whilgnpihition by PKA antagonists was not con-
IGF-1 was able to influence only the 52 kDsjstently observed, suggesting the existence
fraction and to modify EGF effect on the o one or several intracellular mechanisms
24 kD fraction of the catalytic subunit of other than PKA. Note also that these obser-
PKA (Fig. 2). In contrast to IGF-Il and EGF, vations only partially correspond with
IGF-I was able to affect the expression ofeports of potent meiosis-inhibiting activ-
not only the catalytic subunit, but also theity in PKA inhibitors [17]. In our experi-
regulatory subunit of PKA (Tab. Il). Data ments, KT5720 inhibited the completion
from both immunocytochemistry and but not the resumption of oocyte matura-
immunoblotting suggest that all three of thetion; in other cases both Rp-cAMP
growth factors studied affect PKA, but thatand KT5720 given alone had no effect.

reduced the expression of the 40 kDa fr
tion, while IGF-1 prevented EGF-induce



568

Nevertheless, the blockade of growth factol
tor action by these substances suggests that
they are specific rather than non-specific
modulators of growth factor-induced pro-[1o]
cesses and that active PKA is required for
IGF-I, IGF-1l and EGF to influence oocyte
maturation.
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