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Involvement of nuclear factor κB in the mechanism 
of interferon-α 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-α (IFN-α). Earlier we found that in mice 
IFN-α 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-α 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-α can act through another signaling system that is 
associated with activation of nuclear transcription factor NF-κB [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-κB in the mechanism 
of IFN-α 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 DМЕM (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-α (Biofarma, Ukraine) – 100, 500 and 
1000 ng/ml; pyrrolidine dithiocarbamate (PDTC; Sigma, USA) – 0,1 and 
1 μM; cyclosporin A (CsA; Sigma, USA) – 40 μg/ml; lonidamin (Sigma, 
USA) – 5, 50 and 75 μM.

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 IkBα, which keeps NF-kB in the cytoplasm [13]), in doses of 0,1 
and 1 μM 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-α 
(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-α (100 
ng/ml) and PDTC (1 μM) resulted in increased inhibitory effect (compared 
with the effect of IFN-α 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-α on germ cells, an assumption 
can be made that IFN-α 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 IκBs demonstrate specificity to certain com-
plexes of NF-κB. Thus the following hypothesis arose. Earlier we showed 
that IFN-α 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 IkBβ 
(but not IkBα), which in turn leads to activation of NF-κB (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-α 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 75μM) and IFN-α (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 μM); 55,2±2,94 and 
5,51±3,65% (75 μM); for IFN-α 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-α further intensified their inhibitory effect on meiotic matura-
tion, which highlights differences in mechanisms of their action. In other 
words, IFN-α 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-α 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-α 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-α 
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-α signaling pathway that describes the 
activation of Rel/NF-κB factors via calcineurin-mediated inactivation of 
IκBβ. IFN-α, 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 Ca2+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 – Ca2+ 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 
IkBβ, which leads to activation of NF-κB/Rel proteins. In more detail, 
activated Cn binds to cytoplasmic IκBβ-Rel complex and catalyzes de-
phosphorylation of IkBβ, which in turn inactivates IkBβ and thus leads 
to the release of active p50/cRel heterodimers for their translocation 
into the nucleus.

Figure 1. Effect of pyrrolidine dithiocarbamate (NF-kB inhibitor; PDTC) 
and interferon-α (IFNα) 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 t test analysis

Figure 2. Joint effect of IFN-α (100 ng/ml) and PDTC (1 μM) 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 t test analysis
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Figure 3. Effect of IFN-α on the percentage (mean±SEM) of murine oocytes forming 
the first body (metaphase II) after their pretreatment with cyclosporin A (CsA; 
40 μg/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-α action) 
as revealed by the Student’s t 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-α 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 IkBβ inactivation, is a characteristic fea-
ture of mitochondrial stress-induced activation of NF-κB/Rel proteins. 
Correlation between mitochondrial stress, Ca2+ signaling and activation 
of NF-κB/Rel factors had been proved in the literature before.
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ЗАЛУЧЕННЯ ЯДЕРНОГО ТРАНСКРИПЦІЙНОГО ФАКТОРА κB У 
МЕХАНІЗМ ДІЇ ІНТЕРФЕРОНУ-α НА МЕЙОТИЧНЕ ДОЗРІВАННЯ 

ООЦИТІВ МИШЕЙ

О.А. ШЕПЕЛЬ
Інститут фізіології ім. О.О. Богомольця НАН України, м.Київ

Досліджено залучення сигнальних шляхів, пов’язаних з активацією NF-κB у меха-
нізм дії інтерферону-α (ІФН-α) на мейотичне дозрівання ооцитів мишей. Застосування 
інгібітору активації NF-kB, піролідиндитіокарбамату (PDTC) пригнічує здатність ооци-
тів відновлювати мейоз і формувати перше полярне тільце. Це свідчить про те, що 
транскрипційний фактор може відігравати важливу роль у мейотичному дозріванні 
ооцитів, регулюючи певні гени. Запропоновано новий для ІФН-α сигнальний шлях від 
мітохондрії до ядра в ооцитах, який залучає зміну кальцієвих потоків, внаслідок чого 
розвивається мітохондріальний стрес. Останній призводить до підвищення концентрації 
кальциневрину у цитоплазмі. Зі зростанням рівня цієї кальцій/кальмодулінзалежної 
фосфатази пов’язана активація NF-κB/Rel білків і зміна в експресії генів.
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ВОВЛЕЧЕНИЕ ЯДЕРНОГО ТРАНСКРИПЦИОННОГО ФАКТОРА κB 
В МЕХАНИЗМ ДЕЙСТВИЯ ИНТЕРФЕРОНА-α НА МЕЙОТИЧЕСКОЕ 

СОЗРЕВАНИЕ ООЦИТОВ МЫШЕЙ

Е.А. ШЕПЕЛЬ
Институт физиологии им. О.О. Богомольца НАН Украины, г.Киев

Исследовано вовлечение сигнальных путей, связанных с активацией NF-κB, в 
механизм действия интерферона-α (ИФН-α) на мейотическое созревание ооцитов мы-
шей. Использование ингибитора активации NF-κB, пирролидиндитиокарбамата (PDTC) 
угнетает способность ооцитов возобновлять мейоз и формировать первое полярное тель-
це. Это свидетельствует о том, что транскрипционный фактор может играть важную 
роль в мейотическом созревании ооцитов, регулируя определенные гены. Предложен 
новый для ИФН-α сигнальный путь от митохондрии до ядра в ооцитах, который 
вовлекает изменение кальциевых потоков, в результате чего развивается митохон-
дриальный стресс. Последний вызывает повышение концентрации кальциневрина в 
цитоплазме. С увеличением уровня этой кальций/кальмодулинзависимой фосфатазы 
связана активация NF-κB/Rel белков и изменение в экспрессии генов.

Ключевые слова: ооциты, интерферон-α, ядерный транскрипционный фактор κB.


