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ABSTRACT

Endometrium undergoing hormonal change plays important roles in preparation for implantation, fetal growth, and
well-being. During pregnancy, cellular remodeling and hormonal changes in endometrium could change two-pore do-
main K" channel (Kip) expression. This study was performed to identify whether Kyp channel expression is changed
in endometrium of pregnant Korean cattle, and whether the expression level is modulated by progesterone treatment.
We investigated changes in the mRNA and protein expressions of Kyp channel in pregnant endometrium using RT-PCR
and Western blot analyses. The expression levels of all Kyp channel mRNAs tested in this study, except that of TREK-1,
were changed in the pregnant endometrium. mRNA levels of TASK-3 and TRAAK were significantly down-regulated,
whereas those of TREK-2 and TRESK were up-regulated in the pregnant endometrium. In parallel with the RT-PCR
results, Western blot analysis revealed up-regulations of TREK-2 (7.9-fold) and TRESK (2-fold) proteins levels in the
pregnant endometrium. In addition, TREK-2 and TRESK protein levels were up-regulated in bovine endometrial cells
by progesterone treatment (10 x g/ml). From these results, we suggest that the up-regulation of TREK-2 and TRESK
by progesterone may contribute to the regulation of physiological changes during pregnancy.
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o} 813 UTHKim, 2003; Talley 5, 2003; Besana =, 2005; Kim,
2005; Kang Kim, 2006; Sanders$} Koh, 2006). & ¢7321¢]
o}z Ao A TASK-1, TASK-3, TREK-1, TREK-2 2 TRAAK
o] mRNA 2 @gol g9-9) g LAzl FH Y
t}(ﬂ , 2007).
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& AHS-sksTh ZH% Wbl 2 28] B W el = 100 U/ml
penicillin/streptomycin # 10% fetal bovine serum(FBS, Invitro-
gen, Grand Island, NY, USA)¢l &H7He TCM-199/Dulbecco’s
modified Eagle’s medium (DMEM)% AHESIA T Al EIAE BA
7} g HoldA & AloFEE AlLe) ghelerE 3]AKSigma,

St. Louis, MO, USA)& ¥ —TL?; &k,
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FE VIR Ay A Qs 29 89l kE:E 2
AL 0% SF Lo A gy tm TCM-199/DMEM . 2 33]
AE SR A e FE Zepdio] 712 ok
2k AHst T s &9 g8 i 228 AdE %
0.25% trypsin-EDTAE 254 Holwmg| WA HxE a4 A2
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Total RNA¥ TRIzol(invitrogen, USA)S A1&-8lo] Bl &

ol AF e Ao 2R FE5HA FEF total RNA
£ Superscript preamplification system(Invitrogen)# oligo(dT)
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Kp 529 54 949 Zdlo|w(primern)E ©|-&3t9 FZ33
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k= E9lahy] 98ke] vlQlal A kst 14 A ek 24
< PBSE A2 F 15 ml FHo| ¥ ] £ (lysis buffer;
RIPA buffer, Cell signaling technology, Danvers, MA, USA)&
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13,000 rpm(16,609xg, Micro 17TR, Hanil, Incheon, Korea)l
A 3087H40) YAHEYEAT YAEE F SIS O A
28 1.5 ml FEE §7]3 Bradford protein assay(Bio-Rad, Her-
cules, CA, USA) *ekE ol &ste] AeFaidich A we oz
% 30~50 pg 7t Lol ¥l 10% SDS-PAGEAN A A79%
3 % polyvinylidene fluoride(PVDF) membrane(0.45 zm, Mil-
lipore, Bedford, MA, USA)ol 271953 @ 2-S &7 &,
blocking £9(5% fat- free mifk and 0.05% Tween20 in TBS),
12 33 (Anti-TASK-3, -TREK-2, -TRAAK 2 -TRESK; Alo-
mone Labs, Jerusalem, Israel), 27} A&
2 AlFHE & otaloi A enhanced chemiluminescence(ECL Plus
kit, ELPIS, Taejeon, Korea)s ©}-&8}o] &4 viaid g &

A e S B gl 7 el wHES gactin
of wHEgow ek vy FMsiyr}

2] 3137 membrane

HEE 2AM QU MBIl X2
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2+ FoldE A A THp<0.05).
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Table 1. Bovine specific primer sequences used for RT-PCR

Channel name GenBank Acc. No.

Primer sequences

Sense: 5-ACACCTTCGTGAAGTACCTG-3’

TASK-1 XM 597401 .

- Antisense: 5°-GGATGTAGACGAAGCTGAAG-3’
TASK-3 XM 588194 Sen.se: 5-CTACGTGGCCTTTAGCTTTA-3

- Antisense: 5’-GTCGGTAAAGCTGTGTAACC-3’
TASK-S XM 588262 Sen.se: 5-CAAGGTCTTCTGCATGTTCTA-3

- Antisense: 5’-GAGGATGTACAGGAAGCTGA-3’
TREK-1 NM 174686 Sen-se: 5-CTGATTTGCTGGATCCTAAG-3

- Antisense: 5’-CTGATTTGATTGGAGGTGTT-3’
TREK-2 XM 603455 Sen.se: 57-GAAACTCTTCCAACAACAGC-3

- Antisense: 5’-GAGAGTGACCACCACAAAGT-3’
TRAAK XM 869390 Sen'se: 5’-GACACCAACTCAACCAGTAAC-3

- Antisense: 5’-GTCACCACCACGAAGTAGAT-3
TWIK-1 XM 581868 Senée: 5’-TCAGAGAGCTCTACAAGATCG-3

- Antisense: 5’-AAAGCTTCTTTTGTTCCATTT-3"
TRESK XM_582736 Sense: 5’-GAGTTCTTGGAGAAGCTCTGT-3

Antisense: 5’-TGATTGTAGGACGTGGATAAG-3’

5, TREK-1, TREK-2, TRAAK, TRESK & % TREK-1 £2
E A% B2 fHx B il W @ WaE Bt
(Fig. 1A). 9941 22 W=l TWIK-1, TASK-1, TASK-3, TASK-
5, TRAAK®] mRNA ¥&#2 f-o]Ho 2 7H4Asl 3, TREK-29}
TRESK ¢] g2 f-22 02 £/ th(p<0.05). £3], TREK-
2+ A A Wl A 9.6 Wi 7EA] & gRo] 18T ¥
Y4l A WER(7.7+1.5); D4l A3 Wi BR(74.3£10.0). TRAAK
EEY mRNA ZE2 Al A3 Ui=helA] 14.90) Z2Asdch
(Fig. 1B). 941 A3 Wete A &) mRNA 2 Hals o
ol A A &5t =, & Walrl 34 Vel TASK-3,

TREK-2, TRAAK, TRESK®] &l 8d S 9126 =3 £4&
ol ZAMSIRITE TASK-5& 74 o2 485 40| Hof

UA o Ty Aol A Al =] 9tk TREK-29F TRESK
+ mRNAS 2H Pt FAdsA dA A detellA
o] fFo]Hos Zubaled thFig. 2). g4 22 a4
TREK-27 7.98], TRESK+ 28} Z7Fakiny, T8ty TASK-3%
TRAAK Wl &L fofgh ato]lE Holx] ekghth(p>0.05).

2. ZEAAHZ0| 28 TREK-22F TRESKS| wal =7}

Al Az el A ddbd d8lE H9w TREK-29
TRESK®] @i o] ZZAAHEo| &g B=xg 987
2 A A WMo 2R AXE Felsy wiuksie] =
EANZHEZA0 pgmh)S 247178 E9F X2 sk & TREK-2¢
TRESK®] 28 W3tE SAstadch A4l Az U7k 22 e A
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Fig. 1. Changes in mRNA levels of Ky channels in pregnant en-
dometrium. (A) Comparison of Kz channel expression in
non-pregnant and pregnant endometriums. RT-PCR am-
plification of Kz channel mRNA from endometrium. NP
and P represent non pregnancy and pregnancy, respec-
tively. (B) Summary of changes in Ko channel mRNAs.
The mRNA expression of Ky channel was normalized to
that of GAPDH. Each bar represents the mean + SD of
three independent experiments. *p<0.05 compared to the
non-pregnancy.
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Fig. 2. Western blot analysis for Kz expression in pregnant endometrium. Whole-cell lysate was used as total protein. Each bar repre-
sents the mean = SD of three independent experiments. The protein expression of Kz channel was normalized to that of £ -actin
expression. NP and P represent non-pregnancy and pregnancy, respectively. *p<0.05 compared to the non-pregnancy.
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Fig. 3. Progesterone-mediated up-regulation of TREK-2 and TRESK
expression in endometrial cells. Western blots of TREK-2
and TRESK proteins in bovine endometrial cells treated
for 24 hours with vehicle (DMSO) or progesterone. The 30
mg of total protein per lane were loaded. The bar graphs
show the progesterone-induced changes in TREK-2 and
TRESK protein expressions in bovine endometrial cells.
Each bar represents the mean + SD of three independent
experiments. *p<0.05 compared to the control (vehicle).
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TRESK®] W&o §o]8 oz 271519 thp<0.05, Fig 3).

TREK-29] @i o Z2A ~gE AT T 10 F71sh]
3 TRESK< 64l 57181 ti(Fig. 3).

B Aol A A g A W 2 Ky B2 FA
ZF 3 o by aro] Wisle-S F9lshith 187 TREK-29}
TRESK ¢ L -2 ZZA 2 2] oJs)] 2= UTh g4 )
FEd ZEAZHES FAHA S1e A2 Z2A 2

52 2 GABAA ?ﬁ —z— iAl 7] =(Kelley$t Mermels-
tein, 2011) ¥HH, Aol Eo)stA] LHE= CatSper T2E &
AAZIcKStrunker &, 2011). £ G745 TREK-22F TRESK ]
S FT 2HE T Wi ZF B2 S0 ZRAL

HEo] ofd g EXAF BE et fele 2ALYA
TREK—29Jr TRESK7} Z2A| e &of ofaf &4dshd Aojzty
%3 2ok TREK-29+ TRESKE M ZAE S A5 3

.§_ ENE 23] AR B3 EEE oA 7] bl 4l
7 BE EAR JAYE ZZA2HEC] AxY TEAS
Aangiedl N93ke olg EEE €43 A 1 988 7
shAlZ 3 olz} A EHKim et al, 2011; A3 <

B Aol M ZAFR Ky B8 & TREK-1& Al 9»} 61 ﬁi}-”-
mRNA &4 9agE Yy 11 mRNA 98 ¥albr} o
Wby WEE eEhRE @k mRNASH vl b o
zpolz G 7re] BA7IA o8] Uehd £ ¥, e

A2t Balgol oAl M ERE velg & olg Aot
TREK-29} TRESKE mRNASH @) 4o} U A 718k
%S B9tk TREK-29 TRESKA ¥ mRNAS}H gl d w3 o)
593 oz Ve £ o g4 11 4d Wl AR F
AA T, mRNASH @ o] g o] BhEA vevdE A
Bl ol B3e 711 A3t Bed A0 g Aztd

Ky $27} A% 24 2 A XA g¥dchs B 97
A#HEo] B EHYL W, o]H e A7 Ao gl o] Al
AgzAelA 3 =i o TASK-17 TREK-10] gA1g &
o) ApFE A AFEA L=, °l& TREK-19] Al
T el 23 BAHEE A B AAHE AFIE



A 2pFE Watell A Two-pore Domain 2§ £2¢ 24 wish 213

ol A TREK-1 529 H&& 7|08l h(Bai 5, 2005a). Al
T dale] )RR A ¥ AFdT EFolA TREK-13
TRAAKC] BE3G 2, 1 F TREK-12 A" 22 oA
g o] Z7}3}5] W Tichenor 5, 2005). TASK-13 TREK-12
A1t AMghel Al 32 o oFebA E(cytotrophoblast)oll 4] -4 817
e 5L THBai %, 2005b). B8] TASK-19 A o okuba 2
of AlEwe] BEZEHA &3 o WebH E(syncytiotropho-
blast cel)] 84 9@ 24 S0 B o7 oASAT
(Bai &, 2006). TASK-1 Abghe] eyt oM H& =]
S, Bivke} 83 71 S (vascular tone)E Z=78 31 tH Wareing
5. 2006). v 2 AT Al AbgSolA] Eeld
Ko T2 HE g g -39 A3 U=elA = TASK-1
#F TREK-19} 2d 9slt7) 9al 22 Wl 34 a2 o
Atk ol Al ge-9] Ao] i AFEE Ak e
Aolg AWEE 4 g AHoluh
A 712 ohE AFaEe of8) Ky 52 5 Y8 TREK-1
o] A9 B2 d X drl(adrenal zona fasciculata cel)oi*
BT FATE A A A7t dErjeE 7E
=%t Enyeart 5, 2002). ¥ ArAE] M -2 AF
bAoA TASK-1, TASK-3, TREK-1, TREK-2 & TRAAK
o] mRNA 3 o2 W o] SRIHAI( &, 2007), 352
Vi, Aa, v 2 A m w3 iy gl whel
I wdo] wshe g ISk v Hur F, 2009). £ A7 2
E Ky B27F 94 A7 el A] Wslgg #elean,
TREK-28} TRESK7} ZE2 A 2H £ o) 22g-2 oA =3
ok olEA SR k-] YAV R Ky E2Y L 9
= A Ay TS & AR /Ysioh
TREK-13} 7+& 189 £25}= TREK-2E <Al 2pZ Uik
A Wt FAA Z7189th TREK-13 TREK 2=
eFEl ekl EAdo] Wl fAlSte] ¥ BEE Bele)7 EHE
o} SEE ®aye F 5EY @45 E S48}
FEE e NEE dE
Feleh 7] TREK S2 o $23 3
< Zelth TRESK Ei—;: sz 22 2 7}
| So¥(Sano et al., 2003) B AF7}t AP H
Ao A7E g O E TRESK £29 g
7bgdol AT & A7 ZHE Ky 52
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