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Involvement of nuclear factor kB in the mechanism
of interferon-o action and its effect on meiotic
maturation of murine oocytes

Ovarian functions of mammals are regulated not only by endocrine
hormones, but also by autocrine and paracrine factors, including cyto-
kines. The role that some of them play in local regulation of ovarian
function is well known [3; 4; 5; 8; 10; 15]. However, one of the least
studied factors is interferon-o. (IFN-a). Earlier we found that in mice
IFN-a inhibits meiotic maturation of oocytes isolated from cumulus cells
[16]. However, the mechanism by which this immunomodulator acts
upon germ cells is not fully identified. According to sources [1; 9; 20]
in somatic cells IFN-a reveals its biological effects by modulating the
expression of certain genes through activation of Janus kinases and Sig-
nal Transducer and Activator of Transcription (STAT). Apart from this
main pathway, IFN-a can act through another signaling system that is
associated with activation of nuclear transcription factor NF-xB [6; 17;
18; 19]. Cell signaling in oocytes is still not sufficiently studied. That is
why the purpose of current work was to investigate the involvement of
signaling pathways associated with activation of NF-«kB in the mechanism
of IFN-a action on oocyte meiotic maturation in mice.

Methods and materials. Experiments were carried out on mature CBA
female mice (18—20 g) in accordance with the International Principles of the
European Convention concerning the protection of vertebrates. Mice were
kept on a 12—12 hour light-dark cycle with free access to food and tap water.

Determination of the oocyte meiotic maturation. Follicles were sepa-
rated from ovaries and cumulus-oocyte cellular complexes were extracted
mechanically. The cumulus-oocyte cellular complexes were cultured for
20 hours at 37°C in DMEM (Sigma, USA), supplemented with 5% fe-
tal bovine serum and antibiotics. The number of oocytes with germinal
vesicle breakdown (metaphase I) was counted after four hours, while
the number of oocytes forming the first polar body (metaphase II) was
estimated by light microscopy after 20 hours of culture. Cells were cul-
tured under the influence of corresponding agents. Were used drugs at
the following concentrations: IFN-a (Biofarma, Ukraine) — 100, 500 and
1000 ng/ml; pyrrolidine dithiocarbamate (PDTC; Sigma, USA) — 0,1 and
1 pM; cyclosporin A (CsA; Sigma, USA) — 40 pg/ml; lonidamin (Sigma,
USA) — 5, 50 and 75 pM.

The data were evaluated statistically using Student’s t-test for pairwise
comparisons. Values were considered significantly different if *p<0,05.

Results and discussion. The results showed that the use of (PDTC) —
an inhibitor of NF-kB activation (prevents degradation of inhibitory
subunit IkBa, which keeps NF-kB in the cytoplasm [13]), in doses of 0,1
and 1 pM inhibits the ability of oocytes to resume meiosis (respectively
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82,25+0,50 and 69,37+2,15% to 89,26+3,01% in control; p<0,05) and
form the first polar body respectively 24,77+1,86 and 12,26+3,32% vs
65,81+5,12% in control; p<0,05) (fig. 1). In addition to that oocytes with
atypical morphology and irregularly localized granules, as well as oocytes
with signs of cellular fragmentation were observed. These cell changes
were more apparent at higher PDTC doses. It should be noted, that IFN-o
(100 ng/ml) itself also suppresses the process of meiosis (fig. 1), but the
action of this cytokine is less pronounced (73,88+4,32% — metaphase I
and 37,74+1,54% - metaphase II; p<0,05). Joint action of IFN-a (100
ng/ml) and PDTC (1 nM) resulted in increased inhibitory effect (compared
with the effect of IFN-a alone): the number of oocytes at metaphase I
and II was 66,83+7,20 and 5,67+4,66% , respectively; p<0,05 (fig. 2).

Thereby, suppression of meiotic process in presence of NF-kB inhibi-
tor suggests that this transcription factor may play an important role in
oocyte meiotic maturation by regulating specific genes. Since PDTC did
not negate the suppressive effect of IFN-a on germ cells, an assumption
can be made that IFN-a acts upon oocytes through an alternative path-
way. It is possible, however, that this path is nevertheless associated with
NF-kB activation. It is necessary to understand that NF-kB is a protein
complex that comprises various combinations of its subunits, which can
combine into homo- or heterodimers. Special inhibitory subunits keep these
complexes inside the cytoplasm in a non-active form, and each complex
regulates the expression of certain genes. For example, the complex p50/
p65 is an activator of transcription, while homodimers p50/p50 and p52/
p52 possess an opposite action, inhibiting the expression of target genes.
Various representatives of IxkBs demonstrate specificity to certain com-
plexes of NF-kB. Thus the following hypothesis arose. Earlier we showed
that IFN-a effects mitochondrial calcium uniporter and is an antagonist
to ruthenium red — a specific inhibitor of mitochondrial calcium uniporter
[14]. Such action of the cytokine, in our opinion, changes calcium ho-
meostasis in oocytes, induces mitochondrial stress and increases activity
of calcineurin (Cn), that induces degradation of inhibitory subunit IkBf
(but not IkBa), which in turn leads to activation of NF-xB (p50-cRel)
and its transportation to the nucleus.

Calcineurin — is a calcium/calmodulin-dependent phosphatase. A spe-
cific inhibitor for Cn is CsA [7]. Moreover, CsA also inhibits opening of
mitochondrial pores [12]. To exclude the possibility that IFN-a stimulates
the latter effect, experiments with lonidamin were conducted — a substance
that directly activates opening of mitochondrial pores [11]. Both drugs in-
hibit oocyte meiotic maturation [14]. In respect to this we established peak
concentrations of lonidamin (50 and 75uM) and IFN-a (500 and 1000 ng/
ml), further increase of which no longer lead to significant dose-dependent
strengthening of the suppressive effect on metaphase I and II respective-
ly: for lonidamin 63,52+3,20 and 8,37+3,17% (50 uM); 55,2+2,94 and
5,61+3,65% (75 nM); for IFN-a 67,77+3,28 and 25,38+2,35% (500 ng/
ml); 66,08+4,26 and 21,05+1,47% (1000 ng/ml). But as was discovered,
in case of joint action even at a higher concentration range lonidamin
and IFN-a further intensified their inhibitory effect on meiotic matura-
tion, which highlights differences in mechanisms of their action. In other
words, IFN-a does not contribute to the opening of mitochondrial pores.
This means that CsA is an appropriate agent for the study of Cn role in
mechanisms of IFN-a action on oocyte meiotic maturation.

The next series of experiments was conducted using CsA. It was
shown that a 30-minute pretreatment of oocytes with CsA before subse-
quent exposure to IFN-a significantly improved oocytic competence for
meiotic maturation. Thus, percentage of oocytes that reached metaphase
II increased to 50,31+2,68% compared with 37,74+1,54% under IFN-a
action and 58,82+2,23% in control; p<0,05 (fig. 3).
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Basing upon our results with the reference to other published sources
[2], we propose a scheme of IFN-a signaling pathway that describes the
activation of Rel/NF-xB factors via calcineurin-mediated inactivation of
IxBp. IFN-a, acting on oocyte, promotes opening of mitochondrial calcium
uniporter. As a result, Ca2?' ions, driven by electrochemical gradient,
enter the mitochondria. However, an excess amount of Ca?'ions in the
mitochondrial matrix increases permeability of the inner mitochondrial
membrane, which leads to a decrease in the membrane potential and as
a consequence — Ca?' release from mitochondria and increase of ion con-
centration in the cytoplasm. As a result, a so called mitochondrial stress
develops. These changes cause an increase of Cn-level in the cytoplasm.
Growing Cn activity is accompanied by inactivation of inhibitory subunit
IkBpB, which leads to activation of NF-kB/Rel proteins. In more detail,
activated Cn binds to cytoplasmic IxBp-Rel complex and catalyzes de-
phosphorylation of IkBf, which in turn inactivates IkBp and thus leads
to the release of active p50/cRel heterodimers for their translocation
into the nucleus.
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Figure 1. Effect of pyrrolidine dithiocarbamate (NF-kB inhibitor; PDTC)
and interferon-o. (IFNa) on the percentage (mean+=SEM) of oocytes that underwent
germinal vesicle breakdown (metaphase I) and oocytes that extruded the first polar body
(metaphase II) in mice in vitro. Different superscripts indicate significant differences
(* — p<0,05; ** — p<0,01; *** — p<0,001) as revealed by the Student’s ¢ test analysis
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Figure 2. Joint effect of IFN-a (100 ng/ml) and PDTC (1 uM) on the percentage
(mean+=SEM) of oocytes that underwent germinal vesicle breakdown (metaphase I)
and oocytes that extruded the first polar body (metaphase II) in mice in vitro. Different
superscripts indicate significant differences (* — p<0,05; ** — p<0,01; *** — p<0,001) as
revealed by the Student’s ¢ test analysis
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Figure 3. Effect of IFN-a on the percentage (mean+=SEM) of murine oocytes forming
the first body (metaphase II) after their pretreatment with cyclosporin A (CsA;
40 pg/ml). Different superscripts indicate significant differences (* — p<0,05;
#*% — p<0,01; *** — p<0,001 vs control and # — p<0,05; ## — p<0,01 vs IFN-a action)
as revealed by the Student’s ¢ test analysis

Conclusions. It has been shown that inhibition of NF-kB in oocytes
induces the suppression of oocyte meiotic maturation in mice. Thereby
this transcription factor may play an important role in meiotic matura-
tion of oocytes by regulating specific genes.

A new signaling pathway of IFN-a in oocytes is proposed, that acts
from mitochondria to the nucleus, which changes calcium fluxes and,
potentially, expression of certain genes in the nucleus. Increase in Cn-
activity, which is followed by IkBp inactivation, is a characteristic fea-
ture of mitochondrial stress-induced activation of NF-kB/Rel proteins.
Correlation between mitochondrial stress, Ca?' signaling and activation
of NF-kB/Rel factors had been proved in the literature before.

Perxomendosano do Opyxy komicieto 3 6ioemuru
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Crarrs Hazgidmuia go peaxoserii 12.04.13

3AJYYEHHA AJEPHOI'O TPAHCR’PHHI[IﬁHOI‘O DPARKTOPA xB Y
MEXAHI3M A1I IHTEPDEPOHY-o HA MEHUOTHYHE JO3PIBAHHA
OOLIUTIB MHIIIEH

O.A. IIEITEJIb

Incmumym @isionozii im. O.0. Boeomoavys HAH YVrpainu, m.Kuie

HocaigkeHo 3aJlyuyeHHS CUTHAJbLHUX IIJISAXiB, OB’ A3aHuX 3 akTuBaiieo NF-kB y mexa-
Hism nii intepdepony-o (I®H-o) Ha MeitoTHUYHe O3PiBaHHSA OOLUTIB Mullleii. 3aCTOCyBaHHSA
imri6iropy axrusarii NF-kB, mipoxiguuauriokapbamary (PDTC) npurniuye sgaTHicTb 00I1u-
TiB BigHOBIIOBaTHM Melio3 i dhopmyBaTu mepiie moJsigpHe Tinble. Ile cBiguuTh mpo Te, m10
TPAHCKPUIIIHHUHN (HaKTOp MOYKe BifirpaBaTu BajKJIUBY POJIb Y MEeHOTHYHOMY [JO3piBaHHI
OOITUTIB, PEryJa0YU MeBHI reHr. 3aIpONOHOBAHO HOBUil Aid IPH-o curHaJabHUMN MIIAX Bif
MiTOXOHZDII KO Axpa B 00IIMTAaX, AKUH 3ajydyae 3MiHY KaJIbI[i€eBUX IIOTOKiB, BHACIILOK YO0
PO3BUBAETHCA MiTOXOHApiaabHUI cTpec. OCTaHHINM MPU3BOAUTH A0 IiABUIIEHHA KOHIIEHTpAILil
KaJbIIMHEeBPUHY y IUTOIIa3Mi. 3i 3pocTaHHAM piBHA Ifiei KaJblliii/KaJabMOIYJIiH3aIEKHOL
tdocharasu mos’asana aktusaiia NF-kB/Rel 6inkis i amina B excmpecii rewnis.

KarouoBi cioBa: oonutu, iHTepdhepoH-0, AXEPHUI TpaHCKpuIIifinuii dpaxTop «B

BOBJIEYEHHE AJEPHOI'O TPAHCKPHIIITHOHHOI'O ®AKTOPA «B
B MEXAHH3M JEUCTBHA HHTEPPEPOHA-o HA MEHOTHYECKOE
CO3PEBAHHE OOLIHTOB MbIIIIEH

EA. IIEITEJIb

Hucmumym @usuonozuu um. 0.0. Bozomoavya HAH Yrpaunwt, 2.Kuee

WccnenoraHo BOBJIeUEeHUE CUTHAJBHBIX IIyTel, CBA3aHHBIX ¢ akTuBainueir NF-xB, B
MexaHusM gaedicTBusa mHTepdepona-a (MPH-o) Ha MeloTHUECKOe CO3peBaHMe OOIMTOB MbI-
meti. Ucnosb3oBanue nuarudturopa akrusanum NF-«B, nupporuanaaunrnorapbamara (PDTC)
yTHETaeT CII0OCOOHOCTb OOIUTOB BOBOGHOBJIATEL Meiio3 1 ()OPMUPOBATH IIEPBOE MIOJISIPHOE TeJIhb-
me. 9TO CBUAETEJIBCTBYET O TOM, UTO TPAHCKPUIIMOHHBIA (haKTOP MOKET HUIPaTh BasKHYIO
pOJIb B MEMOTHMUYECKOM CO3PEBaHUU OOIMTOB, PETYJIUPYSA OIpejesieHHble T'eHbl. IIpemioxken
HOBBIN niA WMPH-o curHambHBIA IYTh OT MUTOXOHAPHUH OO0 SApa B OOIUTaX, KOTOPBIHA
BOBJIEKAET M3MEHEHUE KaJbIIMEBHIX IIOTOKOB, B PE3YJIbTATe UEr0 Pa3BUBAETCSI MUTOXOH-
IpuanbHBIN cTpecc. IlocmenHuii BHISHIBAET IIOBBLINIEHWE KOHIEHTDPAIIVMM KaJIbIIMHEBPUHA B
nuromiasme. C yBeInYeHHEM YPOBHA 3TOM KaJbIlWi/KaJbMOLYJIUH3aBUCUMON (ochaTassl
ceszana aktuBanusa NF-kB/Rel GenkoB m msMeHeHUe B 9KCIIPECCUU TI'€HOB.

KaroueBsie c1oBa: 0OIUTHI, MHTEP(HEPOH-O, AAEPHBIN TPAHCKPUNITUOHHBIN (hakTop kB.



