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ABSTRACT

Alteration in ion channel or transporter expression levels affects cell volume which is produced by movement of
water and ion across the plasma membrane. In particular, aquaporin (AQP) channels among ion channels play a crucial
role in movement of water across the cell membrane. This study was performed to identify whether AQP expression
is changed in bovine follicular cystic follicles using microarray, RT-PCR and Western blotting analyses. In microarray
data, AQP4 expression was decreased, whereas AQP7 was increased in cystic follicles. Additional experiments were
focused on the AQP7 expression increased in cystic follicles. The microarray data was confirmed by semi-quantitative
polymerase chain reaction (PCR) and Western blot analysis. AQP7 mRNA and protein expressions were significantly
increased in the cystic follicles (p<0.05). Application of estrogen (10 pg/ml) to bovine ovarian cells showed a trend
of increase in AQP7 expression. From these results, we suggest that the increase in AQP7 expression in cystic follicles
may play an important role in movement of water in bovine ovary. In addition, AQP7, a aquaglyceroporin permeating
water and glycerol, could be a good target in development of methods for the cryopreservation of bovine ovary.
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GEFEe FHEEo A WA BAlsts dAaRsE 2 (swelling Al A ME 82 HsE FI3A1Z 4 3tiLang, 2007).
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o SHER(H 5, 2006), THFF AR o8] Ak o5 ER: T TR AE 2 2Ho] ZAUA £
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A AP-da T2EE Fo] FH=H] JsdErt wghe] Ao 78 F549 9L 3tk AQP11F 125 o}~3teb7)(as-
SHHA YEluE 202 484 QlthHamilton 5, 1995; Peter, paragine)- £ Z ¥ (proline)- & 2} (alanine) NPA A A}e] F-+&-7
2004). GEFEE TR MEHA Kot d2IF AE A aol 2 F Fe 431 Zstth(Agre &, 1998; Ishikawa 5,
v AXHA AAZ A G d2xel v AUXA B 2006). TheFst AEo} A A AT AQP91 o 3o H]3
2 oFo] AA= o}FolEH(aquaporin, AQP)F} 2 EEZ AH o Z A2 AAA T AT At 3] Aot
dl o] S WA & Ath(Tiwari 5, 2014). AQP AQP 5E ¥ 9%0] AlS T3 A, AF, &, X A
T Ao B FHET ofyRy, 3 A, Mz, AEF2, &, A 9 AFollA FEE tiHuang 5, 2006; Skowronski
AZL&A 24 nEZEgo} EHA} 2 A ZEAH] FQ23 =, 2009). 93 G2 W (antral follicle) HZ &2 o] F2
TS FEE dxFE AN UHE #Ho] AL Holth AQP7, 8 ¥ 99 93] A HTH(McConnell &, 2002). AQP1
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I AQP5= HIA] dx IEF Wy
(Skowronska 5, 2014). FEFA I T AQP HET} ¥
A Ao T Fostedl, dEF U2 dEN 9] o]F
< St A dx FPAEAA BH= AQPR] =
2 oAk W E (multi-oocyte follicles) @A 2+ ## o] 2 3(Su
=, 2013), AQP8 ©d < 7]t} A(single nucleotide polymor-
phism, SNP)°] thdA HAZF 3 (polycystic ovary syndrome,
PCOS)ol A YelHtHLi 5, 2013). AQP7S thdA Has
oA 1 wrE o] Z=71E thSeow 5, 2013). THEA
FTol Holg YA ZE Azl A A EA
1tHQu 5, 2010). tHdA
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3. Oo|ZZ0{g0] =4

GAERE GEZH(GEE P A AlxE FE
A ¥5)E EE3te RNAE F&5$ ¥ cRNAE FA8HY,
GAG F EAE cRNA 10~15 pgs 24
buffer, Affymetrix Inc, CA, USA)2.E 35 bp
FAAFATE THEol7 cRNA, #8849 9 RNA #3547} ¢l
+ E(RNase free water)= 0.2 ml PCR tubedll ¥ 37, 94°Coll A
3587F kS-S fwalsith 2 4% cRNAE GeneChip® Bovine
Genome Array Chips(Affymetrix)S ©]83}o] A ZzALe] AH
Aol wel KA o o)(array)E-2 streptavidin-phy-

coerythrin complexE 7FAZ |43 &

9 (fragmentation
o4 200 bp7}+X]

GeneChip Operating
Software(Affymetrix, CA, USA)Z 7 =& 2743} GeneChip
scanner 3000(Affymetrix)S o]&3te] 2708y, Ud HES &
M3k, slolARoleo] B4 A HHL A vlo] 9o o

ATHAgency of Affymetrix Gene Chip, Seoul, South Korea).

4. 3 JTUANSE2 LS EEHS(QRT-PCR)

Total RNA+ TRIzol(invitrogen, Carlsbad, CA, USA)= A}
L3l slte dAhoA AAY xRS Hols UE X3F
S Z2HE FE2FAY. FFF total RNAE Superscript pream-
plification system (Invitrogen)3} oligo (dT)E ©]%-3}4] cDNA
2 34U FAE cDNAE X(bovine)oll EAZ 07 24
3l AQP7 Zz}o](sense: 5'-ATCTACGGCCTCTTCTACA-
AC-3', antisense: 5-AAGAACAAGTAGATGATGGCA-3")E ©]
Solo] ZZAUT. ZHNTE P71ND BAL Foje] B9l
St ZF F-3 k2] mRNA 28 ZF-2 glyceraldehyde 3-phos-
phate dehydrogenase(GAPDH, sense: 5'-CAGCGACACTCAC-
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TCTTCTAC-3', antisense: 5-GGAAGTCAGGAGATTCTCAG-
T-3)9 wago 7 k. uyw EAsch

5. CHHZAL 24 (Western Blot Analysis)

dxzd g gGausAEd A AQP7S wuld wH S &
Q18t7] 918te] Western blot 415 A8k th Al &5 D-PBS
2 AL F 1.5 ml FHo| Ea&A(lysis buffer; RIPA buffer,
Cell signaling technology, Danvers, MA, USA)S ¥ F &
At B F, ZAEES 4TColA 3087 mlkst & 4T
E fA3EA 13,000 rppm (16,609 x g, Micro 17TR, Hanil,
Korea)oll A 307+ 944 EAIHTE 94 28 & A5
AMZE 1.5 ml FEZ £7]3, Bradford protein assay(Bio-Rad,
Hercules, CA, USA) A2k o] &3l el AHE &
WA 2= 50 pgS 7t Yol Y7 8% SDS-PAGES A A7 %
g % polyvinylidene fluoride(PVDF) membrane(0.45 um, Mil-
lipore, Bedford, MA, USA)ol A7|Q53 G &7 5,
blocking &9 (5% fat-free milk and 0.05% Tween20 in TBS),
1#} Al (Anti-aquaporin7, Chemicon International (Temesula,
CA, USA) 2%} 3| (Anti-rabbit 1gG-HRP, Sigma)E # 2|3},
membraneS Al 23k - 2o A enhanced chemiluminescence
(ECL Plus kit, ELPIS, Taejeon, Korea)S ©]-43}o] AQP7 Y
AL FEAA D EAE Akt 7t D] HE T
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Fig. 1. Up-regulation of AQP7 in follicular cystic follicles. (A) An up-regulation of AQP4 and a down-regulation of AQP7 in follicular cystic
follicles by microarray analysis. (B) RT-PCR products for AQP7 derived from bovine ovaries. The mRNA expression of AQP7 was
normalized to that of GAPDH. (C) Western blot analysis of AQP7 in bovine follicular cystic follicles. The expression levels were
normalized to /3-actin. Each bar represents mean + S.D. of three experiments. The asterisks indicate a significant difference from
the corresponding control value obtained for normal ovaries (p<0.05).
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H1} AQP7S mRNA 23 KT} vhilz 4=
7t A2 A YEETHAE Y T

W 2.1 + 0.5, n=3, p<0.05).

3. | AEZZO0| St AQP7O| HHHHA die ZT}

GExGE dxd | 2EZAY s A dExdo)
HlE] fre]¥ o2 £, HAEXHE FEv WrkFig 24). 5
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3t7] 98t AAdAe BIAMZEE Bgsle] o 2EZA(10
pg/ml)E 2447 A2 3 F AQP72] whl A WS FAlEY
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Fig. 2.

Z

Estrogen-induced up-regulation in AQP7 expression in
ovarian cells. (A) Changes in concentration of sex ste-
roid hormone in follicular cystic follicular fluid. (B) Up-
regulation of AQP7 by estrogen treatment in normal
ovarian surface cells. The cells were treated with 17 8
-estradiol (E2, 10 pg/ml) for 24 hours. The expression
levels were normalized to (-actin. Each bar represents
mean + S.D. of three experiments. * p<0.05 compared
to the corresponding control.
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