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ABSTRACT

Programmed cell death or apoptosis is associated with changes in K™ concentration in many cell types. Recent
studies have demonstrated that two-pore domain K (Kyp) channels are involved in mouse embryonic development and
apoptotic volume decrease of mammalian cells. In cerebellar granule neurons that normally undergo apoptosis during
the early developmental stage, TASK-1 and TASK-3, members of Kjp channels, were found to be critical for cell
death. This study was performed to identify the role of K* channels in the H,O,-induced or cryo-induced cell death
of mouse and bovine embryos. Mouse and bovine two-cell stage embryos (2-cells) exposed to H,O, for 4 h suffered
from apoptosis. The 2-cells showed positive TUNEL staining. Treatment with high concentration of KCl (25mM)
inhibited H,O,-induced apoptosis of 2-cells by 19%. Cryo-induced death in bovine blastocysts showed positive TUNEL
staining only in the cells near the plasma membrane. Cryoprotectant supplemented with 25 mM KCI reduced apoptosis
slightly compared to cryoprotectant supplemented with 5 mM KCl. However, the combination of antioxidants (3
-mercaptoethanol) with 25 mM KCI significantly decreased the rate of H,O,-induced and cryo-induced apoptosis
compared to treatments with only antioxidants or 25 mM KCI. These results show that blockage of K channel efflux
for a short-time reduces H,O,- and cryo-induced apoptosis in mouse and bovine embryos. Our findings suggest that
apoptosis in mouse and bovine embryos might be controlled by modulation of K* channels which are highly expressed
in a given cell type.
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o7 FA 31, caspase?} nuclease 2 FAE A=
d = 2 s}lck(Bortner 5, 1997; Maeno &, 2000). Z§ E=Z9]

A xS 83 AE JAAA AE AEALE
ZAthBortner 5, 1997; Bortner2} Cidlowski, 1999; Maeno %,
2000; Yu$} Choi, 2000; Trimarchi 5, 2002). Z§F 5& &+
< AMEste 23EdE ATk

Z4F 52 % two-pore domain ZF(Kyp) T2 vl (back-
ground) BEE A9 bgut Ak YAGsHA KFAATI=H
7198tk Kpp & A AlZ 2FAARSE o] =], K 5
2o el TASK =9 Apdte] &y Iy AE 2ADA
& YA A H H(Lauritzen 5, 2003). ©]& TASK T2Z= 7]
Agstd A3 71l ol ERlE n & Iy A A 7]
SHoZ W tH(Han 5, 2002). & Iy AEE TASK
E& o]9¢ TREK 2% %7 23ttt TREK E2= 4
# Ao A BAstAA v el JFS FE AL
2 4#A SltHHur &, 2009; Hur 5, 2012; Kim 5, 2012).
Trimarchi 5(2002)°l ¢Jsl] A3 FA 7] ApPAe] Kyp T2
o] A#go] LT H A= FAR, obF Ky 5E
o |7 AF T A 2AGAR A#E o A=A
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o2 AL FYstaz, YAZRE 24 £ AEE
st FAAZ F A Falste] ARE ST v T4 -
F3l A Azl e 5495 JdeEhlie AR BRIFHJL
™, AlZ AEALES fEeth(Martin 5, 2004; Said &, 2010;
Xu 5, 2010). T2 - gal= A E) &4 A A E Yo
At kst A AES WHAA FEg B4 A E QA
Al shed Mz o] AYE ATt Wang 5, 1997;
Thomson &, 2009; Said %, 2010). Al X, 53] A ] A9
HHo}: Eo]- u]—/nga].k_ :@LH ALAE 71—/\)\]7] 7] ]OH /\]__Q.E] z‘ﬁ-
2+3}A| (B-mercaptoethanol, B-ME)= E&2 02 A 9] A
o] WS FEtHCaamano 5, 1996; Choe %, 2010).
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B A9 FRA QRS EEPY EE PaT 0§53
o WAE AAA ARF S A9 A5 aA

TCM 199 8] o] FSH(10 pg/ml), LH(10 pg/ml)<} 5% FBS
£ 78t 5% CO, 71004 22417 A 8] s & A9
Aol FAISFI, A2 F4-2 BO ol Fd o)A 6A17F <t A
9] FAL Ao, A uldS FHA vl Ao A ulef
stod A 4 F 6dAMA FAHTES WGAI7IL, 7] 6]
HEE 54 AP ARSEATh

4. MTT M

2 HAY MEE 24 well 81 FAloll 7} welld 200 pl(2
x 10* cells/ml)® ¥ 1, 37C, 5% CO,7} SF 5= i 7)ol A
24X 7F v Fate] A2 E Wi F FAl FAAZ & Zh7Ee] A
FES AT T 159 Tt vl vl ket vk &

8 %, Z welloll PBSOl =91 5 pg/ml 5= MTT (3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide)& 20 pl
A A7HE F, 150 ipmol A 5E7F EEo4 MTTE & 4]
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Cell death detection ELISA plus kit(Roche Diagnostics, Mann-
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heim, Germany)E
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1. D8k ZE N 2st M= X} AHApoptosis) A =1}

AH(79%) 2 Y AEE V5 ALFQRS5 mM KC))

o] Z&H ujgAo A wlkd A 5 mM KClol E£FH H)
FAANA Bt 52 AEES HAhFig. 1A). &3 F7 Al
X5 5mM KClo] g ui Aol s HaH oz 797k
AZS Holx= ¥, 25 mM KClo] H7Hed wikl A= 15
4 ool AES BAKFig 1A). MY 15UA = 25 mM
KClo] 7 v FHe A A&t 4x 3y M E7F S5 mM KCI
of vl 20 A& =2 AE AYEES EAHFig 1B, p<0.05,
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0.08 + 0.05 vs 0.16 + 0.03). A1 AEAF 94 25 mM KCI
e FolA F9Fe 7 74 FAkFig. 1C, p<0.05, 2.89 +
0.41 vs 1.61 = 0.16). &3] 3§ A Zo| A TASK-1, TASK-3,
TREK-2 E29¢ 2d S WY gaoz golst Az TASK-3
SE27F 7P A B s AtkFig. 1D). 2 24 A
ol A B A& FHRE] Al E ALl oW FFe vA
ﬂ% Yot 72 FAbstFAE o] &ate] A2 AEAE &

% 25 mM KCl 37} 245 243kt A4aska2(500
pM)Oﬂ 427 Ft =EE FAY%S I AA TUNEL 94 <
AAE AR, 25 mM KCIE A& T1ElA A EA}
A = ATHFig. 2). & FH T ME AHAL| X 25 mM KCl
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TASK-1 TASK-3 TREK-2

Effect of high concentration of KCI on apoptosis of rat
cerebellar granule neurons (A) Representative microphoto-
graph of cerebellar granule neurons cultured for 15 days.
Treatment with 25 mM KCI showed high survival compared
to regular medium (5 mM KCI) (B and C) The bar graphs
show the percentage of cell viability and apoptosis. Data
represent the mean + SD of five repeated experiments.
* p<0.05 compared to 5 mM KCI. (D) High expression of
TASK-3 in cerebellar granule neurons. Green fluorescence
(FITC) signals represent TASK-1, TASK-3 and TREK-2
antigens. The scale bar represents 50 pum.

Fig. 1.

Fig. 2. Inhibitory effect of high concentration of KCl on H;Oinduced
apoptosis of mouse 2-cell stage embryos. The 2-cells exposed
to H,0, for 4 hours showed TUNEL-positive. Green and
red fluorescences show apoptosis (TUNEL) and nuclear
staining (propidium iodide), respectively. The scale bar
represents 50 «m.
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Table 1. Effect of 25 mM KCI and [-mercaptoethanol on the

development of mouse embryo exposed to H,0,

No. of embryos

Treatment No. of developed to
2-cells
blastocyst (%)
Control 100 97 (97.0 £ 4.5)°
H,0, 100 33 (33.0 = 21.1)°
H,0, + 25 mM KClI 100 52 (52.0 £ 8.4)°°
H,0, + B-ME 100 54 (54.0 £ 11.4)°

H,0, + 25 mM KCIl + B-ME 100 78 (78.0 = 8.4)™

*4 Values with different superscripts within each column are
significantly different (p<0.05). Percentages are the means
+ S.D. of five independent experiments. Each treatment was
administered for 4 hours, and then cells were cultured in
the fresh medium.
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TUNEL A& AAlgt A3}, AE 2AEAE Al 29 LA oA
Uehes 2S & AATHFig 3A). e ZE4 dkst
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E& 19% S7HA#H tHFig. 3B).
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Fig. 3. Inhibitory effect of combination of high concentration of

KCl and [3-mercaptoethanol on cryopreservation-induced
apoptosis of bovine blastocyst (A) Representative TUNEL-
positive cells of blastocyst after cryopreservtion and thawing.
Green and red fluorescences show apoptosis (TUNEL)
and nuclear staining (propidium iodide), respectively. The
scale bar represents 50 w«m. (B) The bar graphs show
the percentage of blastocyst survived after thawing. The
survived cells are TUNEL-negative cells. Data represent
the mean = SD of five repeated experiments. * p<0.05
compared to cryopreservation.
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HekCh(Martin 5, 2004; Said 5, 2010; Xu 5, 2010). 25
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