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Expression of TNF-a mRNA,

but not of TNF-a 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-O and its receptors
(tvpes 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-Q and its receptors at mRNA level.
Results: mRNA TNF-a 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. Gaininginsight 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-a (TNF-a) 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-a and that the onset of oocytic TNF-
o 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-a [11]. Several studies have shown that
TNF-a plays an important role in follicular
and luteal development, ovulation, and
modulation of theca and granulosa steroido-
genesis [19, 21]. Although the presence,
modulation, and possible role of TNF-a has
been extensively explored in ovarian function,
the expression of TNF-a 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-a and its
receptors (types [ and II) in both oocytes with
germinal vesicle and the first polar body in
mice. Obtained data indicated that mRNA
TNF-a 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-
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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
DMEM (“Sigma”, USA), supplemented with
5% fetal bovine serum, penicillin (100 units/
ml) and streptomycin (100 pg/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 Extraction 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 pg/ml Random Hexamer
primer (Fermentas, Lithuania) at 70°C for 1
min. A reverse transcription reaction was then
prepared with the above mRNA/primer mix
in 50 mM Tris-HCI (pH 8.3), 50 mM KCl, 4
mM MgCl,, 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°C for 2 h.
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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-a, its receptors and house keeping
gene GAPDH (tabl). Reaction mixture for
amplification was containing 25 mM MgCl,
0,5 U Taq DNA polymerase, 200 uM 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 pl. 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 pl 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 °C for 20 sec, annealing at 54 °C for 60
sec and then elongation at 72°C for 60 sec.
Thermophrofile for the second round was:
94°C for 40 sec, 55 °C for 60 sec and 72°C
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.

List of PCR primers used for experiments and PCR product size

Gene | Sequence of primers (forward, reverse)

Product size/bp

TNF-a  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 CTGTCA CTG GTG CTC CTG-3 reverse 5-CAC ACA CCG TGT CCTTGT CAG-3' |349
TNFR-II forward 5-GCA AGC ACA GAT GCA GTCTG-3’reverse 5-GGT CAG AGC TGCTACAGA CG-3' 597
GAPDH forward5-GGGTGT GAA CCACGA GAA ATATGA-3reverse S-AGCACCAGT GGATGCAGGGAT GAT-3” | 240

RESULTS

To detect expression of TNF-a gene at
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-a0 mRNA expression in oocytes.

The results of analysis of PCR products
showed that intensity of the band correspon-
ding to TNF-a 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
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oocytes with the first polar body TNF-a
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-a 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-a is ex-
pressed at the mRNA level in single murine
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oocytes at both stages of their development.
TNF-a 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-a 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-0 gene expression between
two stages of oocyte development means that
TNF-a has paracrine action on meiotic
resumption that requires further research. At
the same time our early results have indicated
that TNF-a 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].
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Expression of TNF-o 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-
o gene: lanes 1-5 — oocytes with germinal vesicle; lanes 6-
10 — oocytes with the first polar body. C. Relative level of
TNF-a mRNA / GAPDH mRNA expression in single
murine oocytes
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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-a did not kill oocytes in TNFR-II -
ovaries [6]. It is possible that TNF-a is pro-
duced by oocyte for activation of TNF-
receptors on other cells (cumulus, granulosa),
but not for influence on oocyte directly or
TNF-a action on oocytes is realized by acti-
vation of other TNF-receptors.

CONCLUSION

Thus our results indicate that TNF-a is ex-
pressed at the mRNA level in single murine
oocytes at both stages of their development.
TNF-a 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-a mRNA expression between two stag-
es of oocyte development means that TNF-a
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.
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O.A. llleneas, B.€. /locenko,
T.FO. Bo3necencbka, P.I. SInuiii

AHAJII3 EKCITPECIi MPHK ®AKTOPA
HEKPO3Y ITYXJIMH a TA MTOT'O
PELEINTOPIB Y IOOAWHOKHUX OOIMTAX
MUWIIEA ] YAC MEHOTUYHOT' O
JTO3PIBAHHSI: PE3YJIBTATH ITIOJIMEPA3HOI
JIAHITIOIOBOi PEAKIIII

Jocnimxeno excrpecito MPHK dakropa Hekpo3y myxius O
(PHII-a) Ta ftoro peuerrropis I i Il Ty y mooauHOKHX oonurax
Ha CTaJisX 3apoaKoBOro myxupiy Ta meradasu I (hopmysanHs
TEpIIOro MOJIIPHOTO Tinbls) y Muiuei ninHii CBA meronom
noiMepasHoi JaHIroBoi peakiii. Bussiaeno ekcrpecito
MPHK ®HII-a, ane He #ioro penentopis, Ha 000X cTamisix
BI/THOBJICHHS MEHO3y, IIPU [IbOMY B OOLIMTAX i3 3aPOJKOBUM
IyXHpLEM ii piBeHb OyB BipOTiJHO BUILIUM, HDX y KIIITHHAX 3
TEPIINM HOJIIPHUM TiJIBLIEM, IO BKAa3y€e Ha MOXJIUBY POJIb
@OHII-a y MeiiornuHOMY 103piBanHi. OTpUMaHI pe3ysbTaTu €
BAXJIMBUMH JUIS PO3YMIHHS MOJEKYJSIPHUX MEXaHI3MiB, sKi
PEryIIoITh 0OreHes i otikyorexes.

KirouoBi ciioBa: ¢akTop HEKpo3y MyXJIHH O, PEeLEenTopu
(hakTOpa HEKPO3y IyXJIUH O, OOLIUTH, MEHOTHYHE 03PiBaHHS
OOLIUTIB.

E.A. Hleneas, B.E. /locenko,
T.FO. Bo3necenckas, P.U. SAnumnii

AHAJIN3 DKCIIPECCHUU MPHK ®AKTOPA
HEKPO3A OITYXOJIEM a U ETO
PELIEIITOPOB B EJJUHAYHBIX OOILIUTAX
MBIIIEXA BO BPEMSI MEMOTUYECKOI'O
CO3PEBAHMS: PE3YJIBTATBI
TMOJIMMEPA3HOM IEITHOM PEAKIIUU

HUccnenosano sxcnpeccuro MPHK akTopa Hekposa omyxomneit
o (PHO-a) u ero peuenrtopos I u I Tuna B eTMHUYHBIX OOLUTAX
Ha CTaJuAX 3apOJBILIEBOTO My3bipbka u MeTadassr 1
(popMupoBaHmE IEPBOTO MOISPHOTO TEIBIIA) Y MBIICH JITHIN
CBA meTozioM nonmmMepasHoii ienHoi peakuun. OOHapyxkeHa
sxcnpeccust MPHK ®HO-0, Ho He ero penientopos, Ha 00enx
CTaJMAX BO30OHOBICHHUS Meil03a, IPU 3TOM B OOLMTAX C
3apOABIIMIEBEIM ITy3BIPHKOM €€ YPOBEHb OBLI JOCTOBEPHO
BBIIIE, YeM B KJIETKAaxX C MEPBBIM MOJSPHBIM TEIbLEM, YTO
yKa3bpIBaeT Ha BO3MOXkHYI0 poib PHO-O B MeifoTnueckom
co3peBanuu. IlomydeHHbIe pe3ysIbTaThl SBISIOTCS BaXKHBIM
3B€HOM B TIOHHUMaHHHU MOJIEKYIISIPHBIX MEXaHU3MOB, PETyIH-
PYIOLIHUX OOTeHe3 U (hOITHKYIIOTEHE3.

KiroueBsie citoBa: (hakTop HEKpo3a OIyXoJiei o, pelenTopsl
(dakTop HEKpO3a omyxosed O, OOLUTHI, MEHOTHYECKOE
CO3pEBaHUE OOLUTOB.

Hn-m ¢uzuonozuu um. A.A.bocomonvya
Hayuonanvuoii akademuu nayk Ykpaunul
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