
ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 2 27

ÓÄÊ 612.622:577.215

O.A. Shepel, V.E. Dosenko, T.Yu. Voznesenska, R.I. Yanchiy

Expression of TNF-ααααα mRNA,
but not of TNF-ααααα receptors mRNA, is detected
in single murine oocyte and decreases during oocyte
meiotic maturation: single-cell RT-PCR data

Background: The present study was conducted to investigate the expression of TNF-α and its receptors
(types I and II) in both oocytes with germinal vesicle and the first polar body in mice.
Methods: Oocytes with intact germinal vesicle were isolated from mouse ovaries and subjected to in
vitro maturation to obtain oocytes forming the first polar body. A reverse transcription polymerase
chain reaction (RT-PCR) was used to examine the expression of TNF-α and its receptors at mRNA level.
Results: mRNA TNF-α was expressed in single oocytes and its level was decreasing during transition
from germinal vesicle to the first polar body stage. At the same time the expression of TNF-receptors
was not observed in single oocyte.
Conclusions: These data are the important link in understanding of the molecular mechanisms
regulating oocyte maturation as well as follicle development.
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BACKGROUND

Understanding of the molecular mechanisms
underlying oogenesis is quite important for both
reproductive biology and regenerative medi-
cine. Deciphering the complex series of reg-
ulatory events that occur during early oocyte
development depends partly on the ability to
accurately define gene expression pattern for
certain stages of gamete development. Prior
to ovulation, the metabolism of the oocyte is
characterized by active gene expression. Sub-
sequent to fertilization, a complex series of
gene regulatory events occur that result in
fundamental alterations in nuclear transcrip-
tion [1, 24]. However, the interplay  between
the factors mediating development is not yet
understood, precluding the elaboration of pre-
cise regulatory pathways. Gaining insight into
how early developmental processes are con-
trolled and mediated will require specific in-
formation regarding molecular events during

this period. Some authors have detected ex-
pression of certain genes in oocytes [3, 5, 10,
15, 20, 25, 26]. However the technique of gene
expression definition in single cells practical-
ly was not used. It is connected with a num-
ber of methodical problems particularly ex-
traction of RNA in single cells. The scarcity
of the biological material derived from single
cell (oocyte is about 100 micrometers in di-
ameter) and related to low quantity of avail-
able cells (only a few to tens of oocytes from
each ovulation in mice) has hampered the
molecular analysis of oocytes. Classical tech-
niques of RNA analysis such as Cot (the pro-
duct of nucleic acid concentration and time)
value assays [2], Northern blotting [22] and
dot- or slot-blots [23] lacked the sensitivity to
detect mRNA in single cells. Due to its un-
precedented sensitivity, the reverse transcrip-
tion polymerase chain reaction (RT�PCR) al-
lows the detection of low quantity mRNA in
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individual cells [16]. Several studies have been
performed on single oocytes [4, 7, 8, 9, 13].
But these works did not relate to cytokines
which play an essential role in oogenesis and
folliculogenesis.

Tumor necrosis factor-α (TNF-α) is the
cytokine produced not only by various cells
of the immune system, but also by various cells
in the reproductive system. It was demon-
strated that oocytes are an important source
of TNF-α and that the onset of oocytic TNF-
α  expression occurs around birth.  TNF-
receptors are localized on oocytes, granulosa
cells and interstitial cells allowing for the pos-
sibility of autocrine or paracrine actions of
TNF-α [11]. Several studies have shown that
TNF-α plays an important role in follicular
and lu tea l  development ,  ovula t ion ,  and
modulation of theca and granulosa steroido-
genesis [19, 21]. Although the presence,
modulation, and possible role of TNF-α has
been extensively explored in ovarian function,
the expression of TNF-α and its receptors has
not been investigated in the murine single
oocytes on two stages of oocyte development
(germinal vesicle-intact oocytes  and oocytes
forming the first polar body). Thus, we first
examined the expression of TNF-α and its
receptors (types I and II) in both oocytes with
germinal vesicle and the first polar body in
mice. Obtained data indicated that mRNA
TNF-α was only expressed in single oocyte
and its level decreased during transition from
germinal vesicle to the first polar body stage.
That is the important link in understanding of
the molecular mechanisms regulating oocyte
maturation as well as follicle development.

METHODS

Animals and cells
Experiments were carried out on mature CBA
female mice (18-20 g) in accordance with the
International Principles of the European Con-
vention concerning the protection of verte-
brates. Mice were kept on a 12-12 hour light-

dark cycle with free access to food and tap
water.

Follicles were separated from ovaries and
then cumulus-oocyte cellular complexes were
extracted mechanically. Oocytes were me-
chanically denuded from cumulus cells by re-
peated pipetting [5] with flame-drawn glass
pipette tips, whose inner diameters were
slightly larger than oocytes� diameters [18].
Oocytes were washed three times with matu-
ration medium. Atretic oocytes, as determined
by their granulated appearance, were sepa-
rated from healthy oocytes [12]. In order to
obtain oocytes with  the first polar body oo-
cytes were cultured for 20 hours at 37°C in
DÌÅM (�Sigma�, USA), supplemented with
5% fetal bovine serum, penicillin (100 units/
ml) and streptomycin (100 µg/ml); (�Sigma�,
USA). Thus in experiments were used oocytes
with intact germinal vesicle just after collection
from their follicles and oocytes forming the
first polar body after 20 hours of culture.

RNA Ex t rac t ion  and  Reverse  Tran-
scriptase Polymerase Chain Reaction (RT-
PCR)

Total RNA was obtained from fully grown,
germinal vesicle-intact single oocytes and
oocytes forming the first polar body using the
mRNA extraction kit (Invitrogen, USA). Iso-
lation of total RNA from oocyte before reverse
transcription (RT) was absolutely necessary
because RNA in oocyte formed complexes
with specific message ribonucleoprotein.

First-strand cDNA synthesis was carried
out by incubating of total mRNA from single
oocyte with 0.2 µg/ml Random Hexamer
primer (Fermentas, Lithuania) at 70°Ñ for 1
min. A reverse transcription reaction was then
prepared with the above mRNA/primer mix
in 50 mM Tris-HCl (pH 8.3), 50 mM KCl, 4
mM MgCl

2
, 40 mM dithiothreitol (DTT), 1

mM of each dNTPs (Fermentas, Lithuania),
40 U of RNase inhibitor RiboLock (Fermen-
tas, Lithuania), 20 U M-MuLV Reverse Trasc-
riptase (Fermentas, Lithuania).  The samples
were incubated at 37°Ñ for 2 h.

Expression of TNF-α mRNA
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First-strand cDNA of single oocytes ob-
tained after RT was used for carrying out of
two rounds of polymerase chain reaction
(PCR) with application of specific  primers
for TNF-α, its receptors and house keeping
gene GAPDH (tabl). Reaction mixture for
amplification  was containing 25 mM MgCl

2
,

0,5 U Taq DNA polymerase, 200 µM of each
dNTP, 5 pM each of primers (or 20 pM at
carrying out of the second round of amplifi-
cation) and deionized water to  receive  total
reaction volume of 25 µl. At carrying out of
the second round of PCR were used the same
components of reaction mixture with addition
in each test-tube of 7 µl product from the first
round of PCR. The first round of amplification
consisted of 25 cycles and it was carried  out
with the following conditions: denaturation at

94 °Ñ for 20 sec, annealing at 54 °Ñ for 60
sec and then elongation at 72°Ñ for 60 sec.
Thermophrofile for the second round was:
94°Ñ for 40 sec, 55 °Ñ for 60 sec and 72°Ñ
for 60 sec repeated for 45 cycles for all pair
of primers. PCR was performed in termocyc-
ler GeneAmp System 2700 (�Applied Biosys-
tems�, USA). Each experiment was repeated
nine times. The resulting PCR products were
then assessed by electrophoresis in 2.5% aga-
rose gel containing ethidium bromide. Visua-
lisation and luminance estimate were per-
formed with application of transilluminator and
software ViTran (�Biokom�, Russia).

The data were evaluated statistically us-
ing Student�s t-test for pairwise comparisons.
Values were considered significantly different
if *P < 0.05.

RESULTS

To detect  express ion of  TNF-α  gene a t
mRNA level we developed an amplification
scheme to generate mRNA from single oo-
cytes separated from preovulatory follicles.
In each of nine experiments, RT-PCR amplifi-
cation of RNA obtained from oocytes with
germinal vesicle yielded a band 230 bp in size.
Amplification of RNA obtained from oocytes
forming the first polar body also produced
identical results (Figure). Figure shows the
results of TNF-α mRNA expression in oocytes.

The results of analysis of PCR products
showed that intensity of the band correspon-
ding to TNF-α mRNA expression in oocytes
at the stage of germinal vesicle was signifi-
cantly higher than in oocytes at the stage of
the first polar body. In two of nine samples of

oocytes with the first polar body TNF-α
mRNA expression was undetected.

Expression of mRNA for TNF receptors
in single oocytes was not detected in our ex-
periments.

DISCUSSION

The aim of this investigation was to develop
the method of gene expression detection in
single murine oocytes and to identify the ex-
pression of TNF-α and its receptor systems
within oocyte at two development stages (at
the stage of germinal vesicle and the first po-
lar body), that would provide important clues
for understanding regulation of this cytokine
and perhaps its potential function in ovary.

Our results indicate that TNF-α is ex-
pressed at the mRNA level in single murine

List of PCR primers used for experiments and PCR product size

Gene Sequence of primers (forward, reverse) Product size/bp

TNF-α forward  5'- ATG AGC ACA GAA AGC ATG ATC -3�reverse  5'- GTC TGG GCC ATA GAA CTG AT -3' 230

TNFR-I forward  5'-CTG CTG TCA CTG GTG CTC CTG-3�reverse  5'-CAC ACA CCG TGT CCT TGT CAG-3' 349

TNFR-II forward  5'-GCA AGC ACA GAT GCA GTC TG-3�reverse  5'-GGT CAG AGC TGC TAC AGA CG-3' 597

 GAPDH forward 5'-GGG TGT GAA CCA CGA GAA ATA TGA-3�reverse  5'-AGC ACC AGT GGA TGC AGG GAT GAT-3� 240
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oocytes at both stages of their development.
TNF-α mRNA expression in oocytes at the
stage of germinal vesicle was significantly
higher than in oocytes at the stage of the first
polar body.

TNF-α expression decrease in the first
polar body oocytes can be explained by suffi-
cient quantity of the synthesised protein due
to higher expression of its gene at the stage
of germinal vesicle. However it is only hy-
pothesis as we measured cytokine mRNA and
not its protein, but transcription and transla-
tion of cytokines are independently regulated,
therefore mRNA detection might not mirror
cytokine production. We suggest also that the
difference in TNF-α gene expression between
two stages of oocyte development means that
TNF-α  has  paracr ine  ac t ion on meiot ic
resumption that requires further research. At
the same time our early results have indicated
that TNF-α in high concentrations (relevant
for inflammatory processes) exerts an inhibi-
tory influence on meiotic maturation both in
denuded oocytes and in cumulus oocyte
complex [17].

We have not detected the expression of
TNF-receptors in single oocytes at the mRNA
level. At the same time other scientists de-
tected TNFR-II expression in human oocytes
by RT-PCR, but not in single cells [14] and
expression of both TNF-receptors in murine
oocytes by immunohistochemistry [6]. In our
case the absence of TNF-receptor gene ex-
pression probably can be explained: 1) by us-
ing of different research methods; 2) by spe-
cies features; 3) by various stages of oocyte
development (in our studies we have used
oocytes obtained from large preovulatory fol-
licles); 4) by extremely small quantity of
mRNA, which is generated as a result of gene
activation. The lack of TNF-receptor gene
expression results in reduced influence on
oocyte during oogenesis. It has been observed
that TNF-induced death of oocytes requires
TNFR-II. This was demonstrated by the fact
that TNF-α did not kill oocytes in TNFR-II -/-

ovaries [6]. It is possible that TNF-α is pro-
duced by oocyte for  act ivat ion of  TNF-
receptors on other cells (cumulus, granulosa),
but not for influence on oocyte directly or
TNF-α action on oocytes is realized by acti-
vation of other TNF-receptors.

CONCLUSION

Thus our results indicate that TNF-α is ex-
pressed at the mRNA level in single murine
oocytes at both stages of their development.
TNF-α mRNA expression in oocytes at the
stage of germinal vesicle was significantly
higher than in oocytes at the stage of the first
polar body. We suggest that the difference in
TNF-α mRNA expression between two stag-
es of oocyte development means that TNF-α
could have effect on meiotic resumption (for
example, through paracrine interactions be-
tween granulose cells and oocyte), but this
assumption needs additional studies.

The work was supported with a grant �Funda-
mental bases of genomics and proteomics� of
National Academy of Sciences of Ukraine.

Expression of TNF-α mRNA in single murine oocytes at
different stages of meiotic maturation. A. Electrophoresis
of PCR products of GAPDH gene: lanes 1-5 � oocytes
with germinal vesicle; lanes 6-10 � oocytes with the first
polar body. B. Electrophoresis of PCR products of TNF-
α gene: lanes 1-5 � oocytes with germinal vesicle; lanes 6-
10 � oocytes with the first polar body. C. Relative level of
TNF-α mRNA / GAPDH mRNA expression in single
murine oocytes
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Î.À. Øåïåëü, Â.ª. Äîñåíêî,
Ò.Þ. Âîçíåñåíñüêà, Ð.². ßí÷³é

ÀÍÀË²Ç ÅÊÑÏÐÅÑ²¯ ìÐÍÊ ÔÀÊÒÎÐÀ
ÍÅÊÐÎÇÓ ÏÓÕËÈÍ ααααα ÒÀ ÉÎÃÎ
ÐÅÖÅÏÒÎÐ²Â Ó ÏÎÎÄÈÍÎÊÈÕ ÎÎÖÈÒÀÕ
ÌÈØÅÉ Ï²Ä ×ÀÑ ÌÅÉÎÒÈ×ÍÎÃÎ
ÄÎÇÐ²ÂÀÍÍß: ÐÅÇÓËÜÒÀÒÈ ÏÎË²ÌÅÐÀÇÍÎ¯
ËÀÍÖÞÃÎÂÎ¯ ÐÅÀÊÖ²¯

Äîñë³äæåíî åêñïðåñ³þ ìÐÍÊ ôàêòîðà íåêðîçó ïóõëèí α
(ÔÍÏ-α) òà éîãî ðåöåïòîð³â I ³ II òèïó ó ïîîäèíîêèõ îîöèòàõ
íà ñòàä³ÿõ çàðîäêîâîãî ïóõèðöÿ òà ìåòàôàçè ²² (ôîðìóâàííÿ
ïåðøîãî ïîëÿðíîãî ò³ëüöÿ) ó ìèøåé ë³í³¿ ÑÂÀ ìåòîäîì
ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿. Âèÿâëåíî åêñïðåñ³þ
ìÐÍÊ ÔÍÏ-α, àëå íå éîãî ðåöåïòîð³â, íà îáîõ ñòàä³ÿõ
â³äíîâëåííÿ ìåéîçó, ïðè öüîìó â îîöèòàõ ³ç çàðîäêîâèì
ïóõèðöåì ¿¿ ð³âåíü áóâ â³ðîã³äíî âèùèì, í³æ ó êë³òèíàõ ç
ïåðøèì ïîëÿðíèì ò³ëüöåì, ùî âêàçóº íà ìîæëèâó ðîëü
ÔÍÏ-α ó ìåéîòè÷íîìó äîçð³âàíí³. Îòðèìàí³ ðåçóëüòàòè º
âàæëèâèìè äëÿ ðîçóì³ííÿ ìîëåêóëÿðíèõ ìåõàí³çì³â, ÿê³
ðåãóëþþòü îîãåíåç ³ ôîë³êóëîãåíåç.
Êëþ÷îâ³ ñëîâà: ôàêòîð íåêðîçó ïóõëèí α, ðåöåïòîðè
ôàêòîðà íåêðîçó ïóõëèí α, îîöèòè, ìåéîòè÷íå äîçð³âàííÿ
îîöèò³â.

Å.À. Øåïåëü, Â.Å. Äîñåíêî,
Ò.Þ. Âîçíåñåíñêàÿ, Ð.È. ßí÷èé

ÀÍÀËÈÇ ÝÊÑÏÐÅÑÑÈÈ ìÐÍÊ ÔÀÊÒÎÐÀ
ÍÅÊÐÎÇÀ ÎÏÓÕÎËÅÉ ααααα È ÅÃÎ
ÐÅÖÅÏÒÎÐÎÂ Â ÅÄÈÍÈ×ÍÛÕ ÎÎÖÈÒÀÕ
ÌÛØÅÉ ÂÎ ÂÐÅÌß ÌÅÉÎÒÈ×ÅÑÊÎÃÎ
ÑÎÇÐÅÂÀÍÈß: ÐÅÇÓËÜÒÀÒÛ
ÏÎËÈÌÅÐÀÇÍÎÉ  ÖÅÏÍÎÉ  ÐÅÀÊÖÈÈ

Èññëåäîâàíî ýêñïðåññèþ ìÐÍÊ ôàêòîðà íåêðîçà îïóõîëåé
α (ÔÍÎ-α) è åãî ðåöåïòîðîâ I è II òèïà â åäèíè÷íûõ îîöèòàõ
íà ñòàäèÿõ çàðîäûøåâîãî ïóçûðüêà è ìåòàôàçû II
(ôîðìèðîâàíèå ïåðâîãî ïîëÿðíîãî òåëüöà) ó ìûøåé ëèíèè
ÑÂÀ ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè. Îáíàðóæåíà
ýêñïðåññèÿ ìÐÍÊ ÔÍÎ-α, íî íå åãî ðåöåïòîðîâ, íà îáåèõ
ñòàäèÿõ âîçîáíîâëåíèÿ ìåéîçà, ïðè ýòîì â îîöèòàõ ñ
çàðîäûøåâûì ïóçûðüêîì åå óðîâåíü áûë äîñòîâåðíî
âûøå, ÷åì â êëåòêàõ ñ ïåðâûì ïîëÿðíûì òåëüöåì, ÷òî
óêàçûâàåò íà âîçìîæíóþ ðîëü ÔÍÎ-α â ìåéîòè÷åñêîì
ñîçðåâàíèè. Ïîëó÷åííûå ðåçóëüòàòû ÿâëÿþòñÿ âàæíûì
çâåíîì â ïîíèìàíèè ìîëåêóëÿðíûõ ìåõàíèçìîâ, ðåãóëè-
ðóþùèõ îîãåíåç è ôîëëèêóëîãåíåç.
Êëþ÷åâûå ñëîâà: ôàêòîð íåêðîçà îïóõîëåé α, ðåöåïòîðû
ôàêòîð íåêðîçà îïóõîëåé α, îîöèòû, ìåéîòè÷åñêîå
ñîçðåâàíèå îîöèòîâ.

Èí-ò ôèçèîëîãèè èì. À.À.Áîãîìîëüöà
Íàöèîíàëüíîé àêàäåìèè íàóê Óêðàèíû
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