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ABSTRACT

In this study we used U0126, apotent and specific inhibitor of MEK, to study theroles of MEK/ERK/p90'* signaling
pathway in the meiotic cell cycle of mouse oocytes. The phosphorylation of MAP kinase and p90™ in the oocytes
treated with 1.5 1 M U0126 was the same as that in oocytes cultured in drug-free medium. With 1.5 u M U0126
treatment, the spindles appeared normal as they formed in oocytes, but failed to maintain its structure. Instead, the
spindle lost one pole or elongated extraordinarily. After further culture, some oocytes extruded gigantic polar bodies
(>30 1 m) that later divided into two small ones. Some oocytes underwent symmetric division and produced two
equal-size daughter cellsin which normal spindles formed. In oocytes with different division patterns, MAP kinase
was normally phosphorylated. When the concentration of U0126 was increased to 15 v M, the phosphorylation of
both MAPK and p90" were inhibited, while symmetric division was decreased. When incubating in medium
containing 15 1 M UQ0126 for 14 h, oocytes were activated, but part of them failed to emit polar bodies. M1 oocytes
were also activated by 15 1 M U0126, at the same time the dephosphorylation of MAP kinase and p90' was
observed. Our resultsindicate that 1) MEK plays important but not indispensable roles in microtubule organization;
2) MEK keeps normal meiotic spindle morphology, targets peripheral spindle positioning and regulates asymmetric
division by activating some unknown substrates other than MAP kinase /p90'*; and 3) activation of MEK/ERK/p90'*
cascade maintains M| arrest in mouse oocytes.
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INTRODUCTION

The meiotic cell cycle of oocytesis regulated by a
cascade of protein phosphorylation/ dephosporylation
events. Two isoforms of MAP kinases, ERK 1 (p44) and
ERK2 (p42), appear to play apivotal rolein this orches-
tration[1,2]. MAP kinases are afamily of Ser/Thr pro-
tein kinases that are activated by MEK (MAP kinase
kinase) phosphorylation of both tyrosine and threonine
residues. The activation of MEK isregulated by MOS, a
germ cell-specific Ser/Thr protein kinase. Among many
substrates for MAP kinases, p90™ was the first to be
discovered[3]. In Xenopus oocytes, the main effects of
MAP kinase, including S phase suppression, MII arrest
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maintenance, and spindle formation regulation, are me-
diated by p90'%{4,5].

There is an evidence suggesting that MAPK path-
way isinvolved in the regulation of microtubule organi-
zation during the meiosis of oocytes. Mouse oocytesin-
jected with antibody against MOS failed to assemble a
meiotic spindle[6]. In maturing mos”oocyte MAP ki-
nase could not be activated throughout meiosis, which
resulted in the shape ateration of spindle[7,8]. In mouse
oocytes, MAP kinase is specifically associated with the
microtubul e-organizing centers (MTOCS) present at the
spindle poles and in the cytoplasm[9], which suggests
that MAP kinase might involvein controlling spindle as-
sembly and microtubular configurations. Reportsin other
species also suggested the important roles of MAP ki-
nase in microtubule organization[10]. Our previous study
[11] showed that MAP kinase might be involved in mi-
crotubulenucleationby ¥ -tubulininpig oocytes. However,
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it was reported that mouse oocytes deficient in MAP
kinase activity could still divide and release polar bodies
[6,12-14]. Until now, the targets of MAP kinase in the
meiotic spindle remain unclear. Therefore, the roles of
MAP kinase in spindle organization is still aquestion to
be elucidated.

Oocyte meiosis is characterized by asymmetric
divison. Butthefirst meicticdivisonissymmetricin some
mos’ oocytes[8]. Inwild-type oocytesthe spindle formed
in the center of oocytes and migrated to the cortex be-
fore meiotic division. But in mos’ oocytes that under-
went asymmetric division, the centrally formed spindle
failed to migrate, instead, it elongated in place[14]. Al-
though many reports show that M OS participates in oo-
cyte asymmetric division, the downstream molecul e that
mediates this event is still unclear.

The metaphase I arrest is another characteristic of
meiosisin aimost all mammalian oocytes. It iswell es-
tablished that the M1l arrest is maintained by cytostatic
factor (CSF) activity, with MOS/MEK/ERK cascade
being its essential components[4,10,12,13,15]. Although
existing evidence has suggested that MAP kinaseisim-
portant for metaphase arrest, almost all data come from
mos’~ oocytes or other models indication MAP kinaseiis
not activated during the entire maturation process. It is
still unknown whether the MI1 oocytes with activated
MAP kinase could be released from the arrest when MEK
isspecificaly inhibited.

U0126, a potent and specific inhibitor of MEK1 and
MEK?2, has little effect on other kinases such as Cdk2,
ERK, JNK, MEKK and Raf[16]. In porcine oocytes,
the inhibition of ERK activity with U0126 during the
meiosis |/meiosis | transition suppressed chromosome
separation, first polar body emission and formation of
the metaphase 11 spindle[17]. When incubated in a me-
dium with U0126, part of porcine oocytes completed the
second meiotic division and entered into interphase[18].
In cumulus-enclosed mouse oocytes, U0126 produced a
dose-dependent inhibitory effect on FSH-induced mei-
otic resumption[19].

This report shows the novel effects of U1026 on
meiatic cell cycle progression in mouse oocytes, includ-
ing ERK and p90™ activation, disturbance of microtu-
bule organization, PB extrusion abnormality, and Ml
arrest. The findings provide further understanding of the
roles of MAP kinase signaling pathway in the regulation
of meiotic cell cycle progression in mammalian oocytes.
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MATERIALS AND METHODS

Oocyte collection and culture

Fully grown germinal vesicle-intact oocytes were collected from
ovaries of 4-6 week-old Kunming mice 48 h after the females were
injected with 10 IU pregnant mare’ s serum gonadotropin (PMSG).
Cumulus-free and GV-intact oocytes were released from antral fol-
licles by puncturing thefollicleswith aneedlein M2 medium (Sigma)
supplemented with 60 mg/ml penicillin and 50 1 g/ml streptomycin.
All cultures were carried out in M2 medium at 37 °C in ahumidified
atmosphere of 5% CO..

Metaphase |1-arrested eggs were obtained from mice of the same
strain. Females were superovulated by intraperitoneal injection of 10
IU of PMSG, and 48 h |ater, they were injected with 10 U of human
chorionic gonadotrophin (hCG). Mice were sacrificed and oviducts
were removed at 15 h post-hCG injection. Using apair of fine forceps
to tear the oviducts, cumulus masses were collected in M2 medium.
The cumulus cells surrounding the eggs were removed by a brief
exposure to 300 |U/ml hyaluronidase and repeated pipetting, fol-
lowed by three washesin M2 medium.

Parthenogenetic activation

Parthenogenetic activation of mouse oocytes was performed aswe
previously reported[20]. The denuded eggs were treated with5 1 M
A23187 for 5min, and then incubated in M2 medium containing
10 » g/ml CHX. After 2, 4 and 8 h of culture, treated eggs were
examined with a phase contrast microscope. The emission of the
second polar body and the formation of pronucleus were examined.

Confocal microscopy

After removal of zonapellucida (ZP) in acidified Tyrode's solution
(pH 2.5), eggs werefixed in 3% formal dehyde, 2% sucrosein PBS for
30 min and then incubated in incubation buffer (0.5% Triton X-100in
20 v M Hepes, pH 7.4, 3 1 M MgCl,, 50 1 M NaCl, 300 1 M
sucrose, 0.02% NaN3) for 30 min. After being treated in methanol for
5min at -20 °C, the eggs were washed in washing buffer (PBSwith 0.
1% Tween 20 and 0.01% Triton X-100) for three times and then
incubated with 1: 50 diluted FITC-conjugated mouse anti-a tubulin
antibody (Sigma) for 1 h. The eggs were rinsed three times and incu-
bated with 10 mg/ml propidiumiodide. Finaly, the eggs were mounted
on glassdides and examined using a TCS-4D laser scanning confocal
microscope (Leica Microsystems).

Western blot analysis

Eggs were collected in SDS sample buffer after treatment with
different stimuli at different times, heated to 100 °C for 4.5 min, and
frozen at -20°C until use. Each sample contained 30 eggs. The total
proteins were separated by SDS-PAGE with a 4% stacking gel and
10% separating gel at 90 V, 0.5 h and 120 V, 2 h respectively and
electrophoretically transferred to nitrocellulose membrane (Gelmen,
poresize 0.45 um) for 2 h, 200 mA, at 40C. Following transfer,
washing in TBS (10 1 M Tris, 150 1 M NaCl , pH 7.4) twice and
blocking in 5% skimmed milk in TBST (TBS containing 0.1% Tween-
20) at 4°C overnight, thememberanewasincubated in TBST containing
1:1000 polyclonal anti-phospho-ERK antibody (Santa Cruz
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Biotechnology, Santa Cruz, CA) at 37 °C for 2 h. After washing three
timesin TBST, 10 min each, the membrane then was incubated with
HRP-conjugated goat-anti-mouse 1gG (Jackson Immunoresearch
Laboratories, INC, PA) diluted 1:1000 in TBST at 37°C for 1 h. The
membrane was washed three times in TBST, 10 min each, and was
processed by using the ECL detection system.

For reprobing, the membrane was washed in stripping buffer (100
u M b-mercatoethanol, 20% SDS, 62.5 v M Tris pH6.7) at 50°C for
30 min to strip off bound antibody after ECL detection. The mem-
brane was reprobed with polyclonal rabbit anti-ERK 2 antibody (Santa
Cruz Biotechnology, Santa Cruz, CA) diluted 1:300 and polyclonal
rabbit anti-p90rsk antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) diluted 1:500, using the same procedure as described above. All
experiments were repeated at |east three times.

Satistical analysis

All percentages from 2 or 3 repeated experiments were expressed
as mean=+ SEM and the number of oocytes observed was labeled in
brackets as (n=) . The rates of PB1 emission and symmetric division
were subjected to arcsin transformation. The transformed data were
analyzed by ANOVA followed by Student-Newman-Keuls test. Dif-
ferences at p<0.05 were considered to be statistically significant.

RESULTS

Division patterns and activity of MAP kinase and

p90™ in oocytes treated with U0126

In order to study the effects of MEK/ERK/p90"
cascade inhibition on meiotic maturation of mouse
oocytes, cumulus-free and GV intact oocytes were in-
cubated in M2 medium containing 1.5 v M U0126[19].
The culture medium containing U0126 was renewed
every 12 h to prevent the possible degradation of U0126.
Some oocytes were cultured in drug-free medium as
control. As shown in Fig 1A, there was no significant
difference in PB1 emission rate between oocytes cul-
tured with or without U0126 14 h after maturation cul-
ture (74.942.4% (n=307) in U0126 treated groups, and
75.710.44% (n=162) in drug-free groups. Although part
of treated oocytes underwent asymmetric division asin
control oocytes, 8.4+0.32 % oocytes (n=307) under-
went symmetric division, resulting in the formation of 2-
cell-like oocytes, and 36.2+1.4% (n=307) extruded ex-
traordinarily big polar bodies (>30 v m) that did not un-
dergo degeneration but divided in thefollowing 10 h. To
detect the changes of the activity of ERK and p90'%, the
oocytes at different developmental stages were collected
for Western blot analysis. ERK activity and thefull phos-
phorylation of p90'* could be detected in oocytes after 4
h incubation with U0126 (Fig 2), the same asin oocytes
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Fig 1. Effect of U0126 on polar body emission and symmetric
division of mouse oocytes. Cumulus-free GV oocytes were treated
with different concentrations of U0126 (1.5 and 15 1 M) for 14 h.
Ascontrol, oocytesat GV stage were cultured in adrug-free medium
for 14 h. (A) The PB1 emission rates in mouse oocytes treated with
U0126. (B) The symmetric division rates in mouse oocytes treated
with U0126. The rate was shown as percentage (mean+SEM). Dif-
ferent superscripts (a, b, and c) denote statistical difference at a P
<0.05 level of significance.

cultured in a drug-free medium (Fig 3). After 8 h
incubation, ERK of the oocytes was completely activated
and its activation maintained until 24 h after incubation in
both 1.5 1 M UQ126 treated and drug-free medium.To
detect whether the oocytes with unusual division pat-
terns were more sensitive to U0126, the oocytes with
different division patterns (2-cell like, 2-PB like, normal-
MI like, no-PB) were collected at 15 hisincubation with
1.5 1 M U0126 and the ERK activity was analyzed. Just
asinthe control, high ERK phosphorylation was detected
in each sample (Fig 4).

Since 1.5 1 M U0126 does not inhibit the MEK/
ERK/p90rsk cascade, higher concentrations of U0126
were used and PB1 emission was observed. We found
that there was no significant differencein PB1 emission
rates between the oocytes treated with 1.5and 15 1 M
U0126 [74.942.4% (n=307) and 76.0+1.8% (n=200),
respectively](Fig 1A), However, the rate of symmetric
division in oocytes treated with 15 v M U0126 (3.02+
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Fig 2. Effect of 1.5 1 M U0126 on MAP kinase and p90rsk
phosphorylation in mouse oocytes. Samples for immunoblotting
were collected after the GV-intact oocytes were treated with 1.5 p

M U0126 for 0, 2, 4, 8, 12, 14, and 24 h. M1l oocytes were also
collected as a positive control. MAP kinase was activated 4 h after
maturation. A basic phosphorylation of p90' was observed in GV
oocytes and the full phosphorylation was detected 4 h after culture.
Each lane represent the protein extracted from 30 cells.
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Fig 3. MAP kinase and p90'* phosphory!ation during mouse oocytes
maturation. Samples for immunobl otting were collected after the
GV-intact oocytes were cultured for 0, 2, 4, 8, 12, 14, and 24 h.
MAP kinase was activated 4 h after maturation. A basic phosphory-
lation of p90"* was observed in GV oocytes and the full phosphory-
lation was detected 8 h after culture.

90% (n=200))was significantly lower than that in those
oocytes treated with 1.5 1 M U0126 (Fig 1B). Western
blot analysis showed that the activity of MAP kinase and
migration of p90'* could not be detected within 24 h after
incubation with 15 1 M U0126 (Fig 5). Therefore, 15 1
M isthe effective concentration for U0126 to inhibit MAP
kinase and p90™ activation.

To examine whether both daughter cells of the 2-
cell-like oocytes were able to undergo the second mei-
oticdivision, the oocytesweretreated with A23187+CHX.
Both cells divided 2 h after activation and no obvious
asymmetric division was observed. (Fig 6)
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Fig 4. MAP kinase activity in oocytes with different division
patterns. Cumulus-free GV oocytes were cultured in medium con-
taining 1.5 » M U0126 for 15 h. The oocytes with different division
patterns (2-cell like, 2-PB like, normal-MI like, no-PB) were col-
lected respectively. GV oocytes cultured in a drug-free medium for
14 h and then collected as control group. MAP kinase phosphoryla-
tion in the oocytes with different division patterns. MAP kinase
was fully phosphorylated in the oocytes with different division
patterns and drug-free control.
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Fig 5. Effect of 15 1 M U0126 on MAP kinase and p90'* phospho-
rylation in mouse oocytes. Samples for immunoblotting were col-
lected after the GV intact oocytes were treated with 15 1 M U0126
for 0, 2, 4, 8, 12, 14, and 24 h. M1 oocytes were also collected as a
positive control. 15 1 M U0126 inhibited MAP kinase activation
and full phosphorylation of p90™.

Microtubule Dynamics in Oocytes Treated with U0126

Since MEK/ERK/p90'* cascade affects the division
pattern of the oocytes, microtubul e organi zation was ex-
amined in oocytes treated with 1.5 or 15 1 M U0126. In
oocytes treated with 1.5 p M U0126, spindles formed
normally asin drug-free control 8 h after incubation (Fig
7A). However, when the incubation time was prolonged,
the intracellular position or morphology of the spindle
changed. Three phenomena existed: 1) the spindle elon-
gated and one pole closest to the cortex moved while 2-
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A Fig 6. The second meiotic divi-
sion of the 2-cell-like oocytes acti-
vated by A23187+CHX. Green, &
tubulin; red, chromatin; yellow,
overlapping of greenandred. (A): A
2-cell like oocyte; (B and C): Both
daughter cellswere dividing.

<1 Fig 7. Microtubule dynamicsin
the oocytes treated with 1.5 1 M
U0126. (A) aspindle in the oocyte
treated with 1.5 1 M U0126 for 8
h; (B) an elongated spindle and one
pole closest to the cortex while the
other poleremained in place; (C) an
elongated spindle with each pole
moved to its proximal cortex, re-
sulted in agigantic spindle running
through the entire oocyte; and (D)
adeformed spindle with only one
pole near the cortex.

Fig8. The GV oocytesincubated inamedium containing 15 1 M U0126. (A and B) the oocyteswere activated
after 14 h incubation; and (C) an oocyte with two pronuclei.
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cell-like oocytes or oocytes with abnormally big polar
bodies were formed. The oocytes arrested at M| stage,
with normal the another remained in place (Fig 7B); 2)
the spindle elongated but each pole moved to its proxi-
mal cortex, resulting in agigantic spindle running through
the oocyte(Fig 7C); and 3) the spindle was deformed
with only one pole near the cortex (Fig 7D). Microtubule
dynamice were the same in oocytes treated with 1.5 or

15 v M U0126 before 12 h incubation (data not shown).
However, alarge proportion of the oocytes [68.94 1.
45% (n=153)] incubated with 15 1 M U0126 did not ar-
rest at M1 stage, but entered interphase with formation
of pronuclei and diffusion of microtubules (Fig 8A-B).
The PB2 emission was blocked in some activated oo-
cytes[11.0+0.15% (n=91)]. As aresult, two pronuclei
were observed in these oocytes (Fig 8C).

Fig 9. Microtubule dynamics in the oocytes with symmetric division. (A, B and C) spindles elongated
extraordinarily; (D and E) oocytes with symmetric division; and (F) each daughter cell formed a normal
spindle.

Microtubule dynamics were also traced in the oo-
cyteswith equal division. After 8 hincubationin 1.5 u
M U0126, the spindle formed displaying normal morphol-
ogy (Fig 7A). It elongated during metaphase | /anaphase
| transition rather than migrated to the cortex as observed
in normal oocytes (Fig 9A-C). As aresult, spindlesin
both daughter cells (Fig 9D-F).

MAP kinase and p90™ activity in MIl eggs treated
with U0126

To examine the effect of MEK inhibition on MlI
arrest and MAP kinase/p90'* phosphorylation, M1l eggs

380

Mt 4h 8h 12h

i pERK1/2

ERK2

a pg Orsk

Fig 10. Effect of 15 u M U0126 on MAP kinase and p90™
phosphorylation in mouse oocytes at M1l stage. Samples for
immunoblotting were collected after the M1l oocytes were treated
with 15 1 M U0126 for 0, 4, 8, and 12 h, respectively. MAP kinase
and p90"* were dephosphorylated after 4 h treatment.
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were treated with 15 1 M U0126 and collected every 4
h for nuclear status examination and for Western blot
analysis. After 12 h of incubation, pronuclei were formed
in 38.8+7.8% (n=131) of the treated eggs. The results
of Western blot showed that MAP kinase activity was
decreased and the p90'* was gradually dephosphory-
lated (Fig 10).

DISCUSSION

In both vertebrates and invertebrates, meiotic divi-
sions of oocytes are typically asymmetric. The size dif-
ference between two daughter cellsistypically a conse-
guence of asymmetric positioning of the spindle before
cytokinesis. In mouse oocytes, the meiotic spindle forms
in the center of the cell, which does not elongate during
anaphase but migrates to the cortex just before polar
body extrusion[21]. In mos’™ mouse oocytes, the spindle
shape is altered and the spindle failsto translocate to the
cortex. As aresult, in these oocytes the first meiotic di-
vision resembles mitotic cleavage and produces two cells
of the same size[22]. Inhibition of protein synthesis fre-
quently resultsin a similar phenotype[23] in starfish
oocytes. In the present study, when the oocytes were
treated with 1.5 © M U0126, abnormal division was
similar to that observed in mos’” oocytes. However, in
oocytestreated with 1.5 1 M U0126, even in those with
typical abnormal division patterns, MAP kinase was till
activated as in control oocytes. Furthermore, although
MAP kinase could be inhibited by a high concentration
of U0126, therate of symmetric division did not increase.
It is apparent that MAP kinase activity does not insure
the asymmetric division in oocytes. Interestingly, the
mos’ oocytes have the same phenotype as oocytes
treated with U0126 shown here. Since MEK is adown-
stream molecule of MOS and it is the only target of
U0126, it is clear that the depletion of MEK activity,
rather than MAP kinase activity, is responsible for the
abnormality inmeioticdivision. Itispossiblethat MEK is
involved in the asymmetric cytokinesis of oocytesthrough
substrate of unknown nature and MEK could activate it
by the domains different from those responsible for MAP
kinase activation. Different concentrations of U0126 may
exert diverse effects on MEK configuration and make
MEK activate one of its substrates, but not the others.
This may be the possible reason of why the incidence of
symmetrical division was decreased after the treatment
of U0126 with high concentration.

Inanimal cells, the position of spindle determinesthe

plane of cleavage[24,25]. In our experiments, some
spindlesin U0126-treated oocytes elongated extraordi-
narily at metaphase I/ anaphase | transition rather than
trand ocating to the cortex as seen in normal oocytes. As
aresult, symmetric division took place. During mitosis,
spindle positioning involves a cortical-microtubul e cap-
ture mechanism and several proteins are involved in the
interaction between microtubules and the cortex[26,27].
In Saccharomyces cerevisiae, microtubule cortical at-
tachment includes mediation by actin, Kar9p, Budép and
Bni1lp[28,29]. Verlhac et a[14] found that actin distribu-
tion was disturbed in mos’ oocytes, which lends strong
support to our data. The presence of an actin-rich plague
covering the meiotic spindle appears to be a common
feature of animal corticeq30-32]. In wild-type oocytes,
the actin-rich cortical domain appears progressively, con-
comitant with spindle migration[33,34]. In mos” oocytes
[14], signs of cortical polarization are present only at
anaphase and no obvious actin-rich regionisfound. MEK
and its downstream molecules may act on these proteins
and regulate the spindle positioning. Further work is nec-
essary to elucidate these interesting results.

We have shown that the M1l eggs were released
from MII arrest and MAP kinase and p90rsk were de-
phosphorylated after MEK had been inhibited, suggest-
ing that MEK activity is necessary for maintaining the
activity of MAP kinase and p90rsk as well MII arrest.
Since MAP kinase dephosphorylation is protein phos-
phatase dependent, it is possible that there is an equilib-
rium between MEK and MAP kinase-specific protein
phosphatase in the meiotic cell cycle: if MEK activity
overcomes protein phosphatase activity, MAP kinaseis
phosphorylated; alternatively, MAP kinase is
dephosphorylated. Verlhac et a[35] showed that MOS
activated MAP kinase through two opposite pathways:
activation of MEK and inhibition of protein phosphatase.
Weand othersfound that inhibition of protein phosphatase
by okadaic acid (OA) induced precocious MAP kinase
activation in mouse and pig oocytes [36,37]. OA treat-
ment of fertilized mouse or pig eggs resulted in prompt
phosphorylation of MAP kinase, disassembly of micro-
tubules around the pronuclear area, chromatin
condensation, and nuclear membrane breakdown[38,39].
Although very little is known about the physiological
M A Pkinase-specific protein phosphatase, the work in
Xenopus oocytes shows that a tyrosine phosphatase and
a PP2A-like threonine phosphatase mediate MAP kinase
inactivation[40]. At MII arrest, both MEK activity and
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the MAP kinase-specific protein phosphatase activity
may exist, but the MEK activity isin dominance. When
treated with U0126, MEK activity wasinhibited and thus
MAP kinase was dephosphorylated, causing release of
MII arrest.

The datain Xenopus oocytes suggested that the ac-
tivity of MAP kinaseis essential for maintaining the ac-
tivity of p90'[41,42]. Previous work by us and others
also showed that in mouse and rat oocytes, the change
of MAP kinase activity isawaysfollowed by the change
of p90'* activity during meiotic maturation, fertilization,
and parthenogenetic activation[43-45]. However, there
isno direct evidence that the inhibition of MAP kinase
activity at MII arrest leads to the dephosphorylation of
P90". In our experiments, when MAP kinase activity
was inhibited by U0126, during the interphase transition
of oocytes, dephosphorylation of p90" was detected by
Western blotting, which supports the previous sugges-
tion that p90™ is one of the direct targets of MAP kinase
and a key mediator of CSF in oocytes.

In conclusion, the meiotic abnormalities caused by
U0126, aspecificinhibitor of MEK, imply important regu-
latory roles of MEK in asymmetric division and the re-
lease of the MII arrest induced by U0126 impliesan im-
portant role of the MEK/ERK/p90™ cascade in MII
arrest of mouse oocytes.
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Inter mittent hypoxia attenuates ischemia/reperfusion induced apoptosisin
cardiac myocytes via regulating Bcl-2/Bax expression
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ABSTRACT

Intermittent hypoxiahas been shown to provide myocardia protection against ishemia/reperfusion-induced injury.
Cardiac myocyte loss through apoptosis has been reported in ischemia/reperfusion injury. Our aim wasto investigate
whether intermittent hypoxia could attenuate ischemia/reperfusion-induced apoptosisin cardiac myocytes and its
potential mechanisms. Adult male Sprague-Dawley rats were exposed to hypoxia simulated 5000 m in a hypobaric
chamber for 6 h/day, lasting 42 days. Normoxia group rats were kept under normoxic conditions. Isolated perfused
hearts from both groups were subjected to 30 min of global ischemiafollowed by 60 min reperfusion. Incidence of
apoptosis in cardiac myocytes was determined by terminal deoxynucleotidyl transferase mediated dUTP nick end
labeling (TUNEL) and DNA agarose gel electrophoresis. Expressions of apoptosisrelated proteins, Bax and Bcl-2,
in cytosolic and membrane fraction were detected by Western Blotting. After ischemia/reperfusion, enhanced re-
covery of cardiac function was observed in intermittent hypoxia hearts compared with normoxia group. |schemial
reperfusion-induced apoptosis, as evidenced by TUNEL-positive nuclei and DNA fragmentation, was significantly
reduced in intermittent hypoxiagroup compared with normoxia group. After ischemia/reperfusion, expression of Bax
in both cytosolic and membrane fractions was decreased in intermittent hypoxia hearts compared with normoxia
group. Although ischemialreperfusion did not induce changesin the level of Bcl-2 expression in cytosolic fraction
between intermittent hypoxiaand normaoxiagroups, the expression of Bcl-2 in membrane fraction was upregulated in
intermittent hypoxia group compared with normoxia group. These results indicated that the cardioprotection of
intermittent hypoxia against ischemia/reperfusion injury appearsto be in part due to reduce myocardia apoptosis.
Intermittent hypoxia attenuated i schemia/reperfusion-induced apoptosis viaincreasing the ratio of Bcl-2/Bax, espe-
cialy in membrane fraction.

Keywords: intermittent hypoxia, apoptosis, cardiac myocytes, Bax, Bcl-2.

attempted to define the mechanisms of this phenomenon
and several potential factors have been proposed to be
involved in the protective mechanism afforded by inter-
mittent hypoxig[3,5-7,9-11], however, the precise mecha
nisms underlying the protective effects of intermittent
hypoxia on ischemic hearts are far from clear.
Apoptosis, a form of death characterized by cell
shrinkage, plasma membrane blebbing, chromatin con-

INTRODUCTION

Intermittent hypoxia, or periodic exposureto hypoxia
interrupted by return to normoxia or less hypoxic
conditions, occursin many circumstanceg1]. Many stud-
ies showed that intermittent hypoxia might have the
cardioprotective effects similar to those observed in is-
chemic preconditioning[2-8]. A number of studies have
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densation and genomic DNA fragmentation, is essential
for development and maintenance of tissue homeostasis.
On the other hand, apoptosis has been implicated in many
diseases such as congestive heart failure and ischemic
injury. Although alarge portion of the cell loss during
cardiac ischemia and reperfusion occurs through



