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AQP4 A A=, o] o] oFst A o & 3]G 7}5 gk IR ol e} o] &

e vbse e T fusE 2 ke e BE YA o)A

et = odr) ol A, N-(1,3,4-E] o} o} F-2-HY Rl o}u| =

Aol d A= Fdg Aol A H HH-& AR&-3he] N-(1,3,4-El o}

Aol =R AT 4 QT

[71] tjo}7}, B ko] up & N-(1,3,4-Elo}r] ol E2-d)y) sl o] = 9f 7+& A 82}
shetE o AQP4 A AIA = A7 e e v AA FejE AlxE = 9
A QR AxE A5 dol B2 F3E A st 5= Tt o7,
o A= N-(1,3,4-El o} o} E-2- )Y sp ¥l ofw| = o] 3} ook 2| #3514
g} opoket Fo] B Rl s ES 23T 4 Qv B e
3ot A el ol AQP4 A A|, o A Tth, N-(1,3,4-E] o} ] o} £-2- ) sL ¥l o} m] = &
L= 3 gEd S E R v gt SuslE RTE

==
o

[72]

(73] CRE shvbe] el B wE e o} ol el 4 AA S R EAROE EH5
2B AT B 290 o EE AREEES AT A,

(741 ¥ge] gof ol FobEl 4 S AA AMAIE Bl AB, ey L
w0z g7]ol A A sk gk

(751 ¥ge] ol nmy RS opsbd 242t fAFSHA A old 4 9

[76]

(771 AT, R wge] 2 ES M4 uhe) o], B ug o] ofFoE el 4 A4

= IL-6, TNF-0, IL-18, HMGBI1, HIF-1a, NOX2, ¥ NOX4 52| 9454 1A}, TGF-
B, MMP9, X MMP2 9] A% #d FAARE 4 H Q27 e Y= &
L o] /el mRNA 23S 74 A1 Z 9= 9141, oFx] @ "4 Il(angiotensin IT; Ang 1)
of o8] Fi¥ = A ol B A E= A HUSE AT o E,
7] o} FolEH 4 AAAE FRAF- OB F3 e AR L AAlE A 2
o
E

O az’s 1o
gl oW iz A 2o f-85H0 AL8E 5 ek,
[78]
9] ETHE She] FEIEA, B oAy e ol Fol ke 4 AAA S FRATOR I
Sz AWM S B AFe] oW i ARG oSy YL ol B AR i
AR ol Folshiz @AE Eahohiz, ARAT e Do) o i X8 PEe

sk,
8] el go ol qobEd 4 o AA", noksld 2 A S A B A
b, ol 9 A R o)A A e vlhek 2,
811
2 ¥ge] go] AT, A7 AEAT B
e} YA
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[90]

[91]

[92]

[93]

[94]

11

ki

& P 2 |4l TI(Ang 1) '2/5E3= o} FLol £81 4(AQP4) A Al Fof o] ul-2
Z4 1 oz gyl gl wrE WsE ek A o]u} GAPDH mRNA ¢}

A EAYE
H] 1 8}e] IL-6, TNF-a, IL-13, HMGB1, HIF-1a, NOX2, 2 NOX4 2] W& =58
AAIZF PCRE &5 th(+p<0.1, vs. d}l? HL-1 A ).

!

523 AAZFPCRE 43 Ang I 2/HE= AQP4 & Al A Folof] ul & A 43}
n}A TGF-B, MMP9, 2 MMP2¢] & F/‘E(A WA C) E ol =2 HAHHF
Hu| A olu| 2| (D)5 LFEFH ol thA WA Coll A #p<0.1, vs. =" HL-1 A
)

% 32 HL-1 M| 3o A Ang Il f- % Ca™ 3= 3-8 e &=

Z4r T A7) Fluo-4 AM O 2 2% A ] A 7F A} 24 o

ol 2kl 2& vt Alo®, 7} tol A o] 2pkA 2] )
1 715 YEbTE (B)i= 2 woll A A F B FabarE @ oF gk Sot) X &2
Ang II& A 2] gk vl A - o 84 A] F-718 2™, Ang 119} $H7] AQP ) A A &
A7EgE wtoll M A7 F7h= A A ] AT (O)= X1 3Z Atol o] Zh+y ~3b=
(sparks) i-H| #4-S HERAT (D)= 2 el A o] 2 29 5 YEIT Ang
I A 2] gk el A 2371 5 7FeE S 1, Ang 119} §H] AQP Al A & 71k
ol A 7] S AA 8] A TR #P<0.001 vs. 2 FH E - @ A o] uhE o)
A+, n=5.

L 4T 47 59 Ang I1Z 7528 w92 AAlEs Ed o A AQP4 S A A 2] &
22 vebd Solth o 2= A nhe- A5 Ang I 3 O R E Ang ITHS
A gk v 25, AP 023 4] Ang I A & gF vh--220] AQP4 & A A & A
g npe- 25 54 Ao Z2 = AV] 7] Ang T A 2] g nhg-220] AQP4 &I A
Al Al PBSE A 2] &k vp 25 AR IY (A= 4 o R Z 53 14

i,

ofi

A A on X &, (B)= 7 vt vk A tiEl SA S M-EE 53 o] 1| X
£, (C) WA (B 471 ZF 9] mbg-2~of tisl] S48 A 250 9 4 A9
Z YERITE #P<0.001 vs. T2+, o @ n=5. H] o] B = H 7 +SEM 22 ¥ A %]
=3

L 5E ks B LR i VA A7FsEe] F RS A A ol
o 31 b %] @ E’lAl IT Z/E= AQP4 A A A 9] &5 Vel Zolth (A= T2
A g A7) 2=l o &l ZF wrell A FE = Ul o v A E, (B)= Y] A71A
O 2 Fiyg Z; o npg-of gk MEEE, ()= 7T 78] vhg-2o] tiE 5
AR A7 AEAE e F EEAEA Y] AIREE YERATE #P<0.001 vs. T2
-, 7 & n=5. Ho] B = HA+SEM O 2 FA| ] AT}
o] AAIE 913 FH
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[95] olsl, AA| ol & Eote] & S B A3 Arg stz ghrt o] & A Ao &=
LS Bo A A o ® HAystr] fe Ao, o] T olE A
of o] o] 3l $+4 =)= A& ofth

[96]

[97] AN 1 AALPWANNE F 2T ARAT AETEDY Al 2 FHAUSE
37}

[98]

[99] HL-1 A ¥ A 425 M| 3 (atrial cardiomyocytes)©ll 9F4]  ®l Al [I(Ang I E

A gl sho] 4 ‘%”ﬂi Fo AlER S A2 i oR Ang 15 55
(100, 1000, 2 5000 nM) =& 513l a1, | EZ=glo} g4 9] 2H-8-9l 93] MTT7}h
FEnpzkAdg 2 Y E = AL 7|k o 2 S CellTiter 96 B] HHAL
4] 7] E(Promega, Madison, WI, USA)E A}-&3}o] A X AEES 435300
Hup A4 02 96-4 Z Y ol Eo HL-1 M| EE 1x10'7)] Al E/he] d g K5
8taL 37°C 5% CO,oll A HEAN vl 3ttt A7) wl Fgk Al 5 A~
1000 Z 5000 nM) 2] Ang I1= 24A] {F & 9F A 2] gk 3, 570 nmol| A ZF € o] &3 %=
& Z435te] & 19| Aol =AEFSI T f-AFSH W © & HL-1 Al 0] Ang IS &
502 I Ang 119} AQP4 & A Al (1 uM), TGN-020(/H]_L°1] 3l 10 uM/L, 7F-5-2~
of| 3l 200 mg/kg)-S A &3] Z=0] 3k Al 7(ZZ Ang IT 2 Ang 1T + AQP4 & A|

A= 57hel AT AEE S S50 £ 19 Bel ¥l el

[100]  ob7k 7] mi<kd HL-1 Al £ 258 £¢] 3 RNA &5 AHg-sto] 15
H F A A 9l S 431} IL-6, TNF-a, IL-18, HMGBI, HIF-1a, NOX2, 2
NOX42] Tel-& Ang T A 2] & A A E591 HL-1 Al 3204 2] € RNA =&
Apaaho] walakgle

[101] HL-1 M| 3£ (ATCC)= 12.5 ug/mL B2 El 2 0.02% A 2} ¥l (Sigma-Aldrich;
Merck KGaA)2. 2 FH ¥ Zdo]lE Oﬂ 41 10% FBS(Fetal Bovine Serum), 1% |
YA A AEEnto] 2l 100 uM = 2ol 3] ] 3 2 (Sigma-Aldrich, Merck KGaA,
Darmstadt, Germany) 2 4 mM L-=5E}21(Gibco, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA)©] B.5¥ ¢ & o] F vl %] (Complete Claycomb medium,
SAFC Biosciences, Lenexa, KS, USA)E AF-&314] 5% CO,2F 21% 0,7} 3 += 715
Aol Bl ol A 37°C =71 & =2 Hlj 3t

[102] L A3 HL-1 AlZEol A 5 4 A ake] HdlS a2} Ang 11 70l A
U %8 78S e a1 10), Ang I (1uM) + AQP4 & A1 A 2] HL-1 A 3%
N A A Ang I “LEol A o 8kA] A 2la &2l O}Oﬂu} 8t7] & 19l +=

7ZF AFA Ao S glstr] el AeE Zefol A& T AT
[103] [3£1]
x4 Ak > 2l o] ™ (forward primer)| €} W &F 3 2} 0] H (reverse primer)
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[104]
[105]
[106]

[107]
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IL-6 CGTGGAAATGAGAAAAGAG |TCCAGTTTGGTAGCATCCAT
TIGT(AEHZ 1) CHEHz 2)

TNF-a. |CCATTCCTGAGTTCTGCAAA |GCAAATATAAATAGAGGGG
GAEH IS 3) GGC(AEH = 4)

IL-1p |AAACGGTTTGTCTTCAAC(A |ATGGTGAAGTCAATTATGTC(
AT 5) A EHZ 6)

HNGBI1 |TGGCAAAGGCTGACAAGGCT |GGATGCTCGCCTTTGATTTT
CHEHZ 7 GG(A €T 8)

HIF-1o. |CTCCCTTTTTCAAGCAGCAG( |GCATGCTAAATCGGAGGGTA
AEAHT 9) (M EH 3 10)

NOX2 |CCCTTTGGTACAGCCAGTGA |CAATCCCAGCTCCCACTAAC
AGAT(AEHE 11) ATCAAEHZ 12)

NOX4 |GGATCACAGAAGGTCCCTAG |GCAGCTACATGCACACCTGA
CAG(MEH = 13) GAA(XEH T 14)

GAPDH |CCGTGAAAAGATGACCCAG( |TAGCCACGCTCGGTCAGG(A

AAHF 15)

dH 3 16)

AN o 2: A% A3k 3ol O3 AQP4 A A €] B

o2,
~
>,

Aol 1ol A oF F-AFSHAl HL-1 Al E£01) Ang TE A 2] 8he] Al 23 A A

F FE AXEAA AHFF5 A {7221 TGF-, MMP9, 2 MMP22] uH& -8
gelstr] fete] 447] HL-1 M EZFH F2]H RNA A& FA 8k, 1 A3

5 529 A WA Coll YEFHRITE & 29 A WX] Coll e vhef ol AR/ F

8 #-A A}, TGE-, MMP9, 2 MMP2 5.52] 23l t) 2 Bt} Ang I ol A

U & 78-S YERNRIAL, Ang 1T (1000 nM) + AQP4 & A A| ol A= Ang I i
o} oA Ak Al o= vyt

I, 2 Ang II+AQP4 AAA 2] ZHHL-1 A EE i}
-1 8t ol 14 2] 4=&7](flexible energy harvester)°l] A 0l &F&} 31 T}
5 4% WYY X2 AU S| Z(pH 7.2-7.3) 2 Ao A A7 Eet a1
A A e Z03% EFE X-1000. % 305-7F A FA Z v} A5 A A 81aL PBS =
5% BSA(Bovine serum albumin) 2 0.3% E ¢} & X-1002. 2 30+ 59t i}?}é}i{it},
A EE A3 0.3% E7]E X-100 2 1% BSAS ¥3}3}:= PBSE A
o] A2 of| A WA 52 & TGF-f, MMP9 2 MMP2 12} @A) &2 4 43} *E} A E S
A A AL A 2ol A 3A1 L 59 0.3% E 8]l E X-100 2 1% BSAE ¥ §31= PBS&
AL-&-5Fo] AL &5 Q Z(Alexa Fluor) 488 2 & A} 555 23} &) &2 4 A1 5H3A
oloJ A, A& 53 &<t 33] Al A stal H & Al A &<k DAPI(4',6-diamidino-2-

=
o2
o O
>
m jg‘ g PL 001'
[¢)=]
Ja—

o2
e
x
ke
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o

Ahgto] %

flia?

o5t

r |

1 ANE 5 29 Dell YR AT
[108] 5 29] Dol e ko) 2o], Ang II ol 4 TGE-B, MMP9 2 MMP23= 5.5 tf
Ztol vl &l 2 WA 3u) Z7F8ER 2, Ang 1T + AQP4 & Al Al & A7 A 7%
I FRAAEY F7HE 294 05 o A 63t (p<0.001). 0}7] #20)= 2 A
fre I Ao A S Felstr] Y El ARSE Zefolw A L& V] Alskl ok
[109] [3£2]
XA Ak > 2l o] ™ (forward primer)| €} W &F 3 2} 0] H (reverse primer)
A7 A}
TGF-f |CCACCTGCAAGACCATCGAC [CTGGCGAGCCTTAGTTTGGA
FEHZ 17) CHEHZ 18)
MMP9 |GGACCCGAAGCGGACATTG( |CGTCGTCGAAATGGGCATCT
D35 19) (A EHF 20)
MMP2 |CCTGGACCCTGAAACCGTG( |TCCCCATCATGGATTCGAGA
M3 21) A EHZ 22)
GAPDH |CCGTGAAAAGATGACCCAG( |TAGCCACGCTCGGTCAGG(A
A s 15) AWM Z 16)

[110]
[111]
[112]

AR 3 AZANE] ZE F= @7 g AQP4 J A A o] &7

teo g pu-E 5= gl s AQP4 A A o] &5 A7) 9 S,
HL-1 A3 & 35 mm ZJA| He| 1 mLe] S o] F jA] o A Y skar, AQP4 & A A
£ HL-1 Al 320l F-olsfe], 37°Cell A 24 A XL &<k Q15| o] A sto] Al Z <) 53
NAT AEE $27 A1 0= Baksto] HL-1 AE ol A4 miRNAZF 2] 2
Ao f3trk 9= Belsha a1 39 B A Dol Brhek gt

old], &4 Ca™ ol v A= T x4 Av|ZH(LSM700; Carl Zeiss, Germany)2 A&

sto] 253tlth 2", Ang 11, Ang 1T+ AQP4 A A] 7] ZH HL-1 Al £ & ©]
1] 7 -2 M (live cell imaging solution, 140 mM NaCl, 2.5 mM KCI, 1.8 mM CaCl,, 1
mM MgCl,, 20 mM HEPES-Na, 5.6 mM ¥~ 5%, pH 7.4) 2.2 33| M| #3315 uM
fluo-4dAME 23} T} 37°Coll A 204 E<F AHEHE | mL 85 Ao A=)
531 488 nm I o} = Hlo] A Hl i HE] A AEHI O R o] 7] B F Y =AH S
L&l A n] A ol v 2] 8t Tk, Fluo-4+= o} = & o] #] ©] 488 nm 1 0. =& o] 7] A] 7]

[113]

¢5%mnﬂJﬂ 1% 252 et 4] @9l 27l o] ul A &= AE 2] A
o upe} skl oM, 7 bl e 0,14 um 7FA O] 5127 ¥ A2 T E )

%}i}x—i 2270 % 512x10,000 2FQ1 HE= 512x20,000 21| 22191 ol w| x| & A A 5}
a1 @3zl FAS 918l A4S T NIH 2 A 2~ AZ E 9 o] Imagel & AF
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[114]

[115]

[116
[117
[118
[119

—t e e

[120]

[121
[122
[123
[124

— e e

15

25 BAs g o, AE U Ca & 7 A dF FEo o
HE EASA T

ule} 7ho] th %+, Ang II, Ang IT + AQP4 &} A A 2] HL-1
A Ca™ B % ko] dl A QL 2kl 270 oA & 53518

rUfU

rﬂ

o] ol | A
Y el

T 39 A9 e}

EoA A A}

l

rOX' oo
ot
O

(o]

r Hm

e

Tx

Ca™ X% 9 ub5 Fub= o 27 o) ¥] Ang I 7(P<0.001, 1.0+0.0 F/F, to
3.5+0.2 F/Fy)oll Al 5-7F3F3 a1, Ang IT v T H| Ang II + AQP4 & A Al ¥-(P<0.001,
3.5+0.2 F/F, to 1.240.1 F/Fy)°ll A 3] 38A th(% 32| B). np27E X &, Ca™ 229}
o] A% Ang II v THH| Ang IT + AQP4 < A A 7-(2.840.2 F/F, to 1.240.1 F/Fy)°ll A
P a fALE FEOE B8 HE A¢e Yeh g

AN 4: v 92 AT TE R A AQP4 A A A &3}

)2, Ang II, Ang I + AQP4, ¥ Ang Il + PBS -2 & 717} suleg] ¥ ul9-~5
A5l Th Ang 11 -l = 4H5-%F 3 32 (Osmotic pump, Alzet 2004)E ©]-8-319] Ang

IIE 1500 ng®] X2 473 Y451 A1, Ang 1T + AQP4 S A A| +2 Ang I v
‘rr/\}opﬂ S S0l A" AR HE2E 8 Ang IE FolshaL, A5
234 F 8 AQP4 J A A& H 7 ol FALete] A3 F5E& Al 2SSl th Ang 1T+
PBS & &4 thw S 24 AQP4 & A A th 2l PBSE ol 8tz 41& Al 9l 8t
315 Ang 11+ AQP4 A A| -3} F-AFsEA A 2FsEA T, 7] 9F ol Al z&3k 7

ol A EEES AANA A GE AFsto] B2 BAEA, 1 AT E = 40 YEL
ek,

5 4] Ac] hehd vhe} o], 8153 A S St R BT Ak th il
]3] Ang II 2 Ang IT + PBS w0l Al @ %] ¢ A4 o) & 215131 21, Ang 1T +
AQP4 A A ol M= A7 9F & Al ol 7F A 3] ZHAE Sl geld 4
AT Bk ek gl g 95 ﬁz%ﬂéa%?@aﬂ¢12ﬂ234
o B WA Eoll ERH AT A4 4 o =2, 2t o] mpe-2 5 X|ALatr] 7 ofo]
oz 55 b3 AN T ASEee 9e A G AE 289 A AS o8
aho] Agel ozt ubE S-S olsha o] & Eoh2 2414 o ¢y A A (Left

ventricular end diastolic diameter; LVEDD), 412 =271 2] 7 (left ventricular
end-systolic dimension; LVESD), 7-&] = E-(fractional shortening; FS), B} = 7 4~
(ejection fraction; EF) 52| A4 7|5 #d H4E A5

AA A 5 QA W 2D ADEAlE R o o3 AQP4 A A A & &7}

URETRE P

Al
s (e}
34 BA s ol el = g0 59

A}
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[125]

[126]
[127]

16
st #|o]d 2 doly R & 75 sk A= FHE B & AFESESI T B dlo]
A= -2 7] Aol Aol E 100 msQ] | AREE AFE38Ee] 2% 1) 10 ms
A ARG SRt TR ESE ALESIGIT B HAE Fo] 4] ALolof = 30

T2 g AHES-o] 1ol A &= A - AR &
! ] 10-E e A &HH A&
) WA R & ) F A EAI RS BE A HAlE o] Am e &

A= g ol = Aot
SS5AE HAE ol REESS AMGst] Al e S sk AR RE
el 277 Ang 1T+ AQP4 & A A| ol A = 2F2 #) o] 4] G714 o] of] A
AHEA 5 o] YEFA] 3= WHH ) Ang T19} Ang IT + PBS w0l A &= & F=7]Z o] o) A

A AEAE ol 75 ¥ A5 5B), AEAlE ol el Ao A A &E s &

o] o] Ar o 2R e, ¥ o] Sahiz 7] & okel §elxiz & o] 11 7]
%4 Abgolut A5 542 WS g thE TAH Frhz AN E 5
Az AL ol a3 5= Q& Aol th. ol s} B ste], o Aol 4 7| &7 AN o5
o BE A o)A H Flolw] @A Zo] ohdl Ao o] s aokwt T,
Bouhg ol el A7) A S A Rt Foe 535 A7 oln o
9l 1) 1 Fh Ao R E BEEE BE W £l wEE G
W ol elel E3Ei= 20 4 ofof dhrt
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[ 3]

[7d - 4]

[ 5]

[ 6]

(7478 7]

[ 8]

17

T4

o}Fto} 3£ | 4(aquaporin 4; AQP4) A A & FraAd o2 L3l A
=

M| & (atrial fibrillation; AF) ¥ & A 2+o] o ¥} o= X 7 & oFeh 4 A&,
Aol JofA,
A7 AAlE B S A A B A AE el AR D A,
oFeh2 A&

Al18kel] 9lof A,
A7) 2458 1L-6, TNF-q, IL-1p, HMGBI1, HIF-10, NOX2, NOX4, TGF-p,
MMP9, ¥ MMP2& A ¥ 70 2 H5 A8 %= 51} o] 2] mRNA 9
%%i1lbﬁﬂﬁﬂﬁiﬁ%
A1kl oA,
A7 24 E-& FA] L 'l A I(angiotensin II; Ang IT)ol] 9] 8] F- % &= Z&
ﬂ%ﬁE@MHH:1Pmmﬂamﬂ&k7hL%@@£@%.
| 13}e] Qlof A,
”ﬂA@M“ﬂﬂt§ﬁﬁi%ﬂﬂEﬁﬁW€%%ﬁSRMXMWA
miRNA, ¢FE] Al ~ &-2] a1 E ¢ Q. Efo] = = slEp <l A<l oFsh4] %
A &
A 16101 0] A,

71 AQP4 A A Al = N-(1,3,4-E] o}t o} Z-2- )Y ZEl o} 1] == (N-(1,3,4-

thiadiazol-2-yl)nicotinamide)$! A1 Q1, oFst 4] A =,

olFtol L&l 4 AAAE FEA T2 Tz 2B AT B
Agho] o i X LG
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[5=3]
A C
iz I
Ang I+ Ang I+
AQps ojx| x| RN 10,y Aqps of x| KRN 5,
2sec 200ms
] 4 8 D 3 ‘
Hr i S - m L] o=
R =) =)
o L RE %2 , M Angl
DU iﬁ 2 i iﬁ 1 B Ang 11+ AQP4 YA
0 " o *p<0.01 vs. | =7
#p<0.01 vs. Ang |l
[5=4]
A ng Il Ang I1+PBS

A
Control - Ang Il Aqp4 Blocker
05¢cm

Ang I

8 Control

o

A9l g I+PBS

AiP4 Blocker
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