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MMETIREE AT O 2-6 %2H L CTBHLD, fiis)
MR 2 & 2 < b T il (SAH © Subarachnoid
hemorrhage) 1%, ¥ EDPTDH 5V ITEE R HBiE
JE% X7 THIFOEVEETH 5%, FFICEo Mk

WZBRENIRIE OB R OBE RIS 5 2 L 54, 20
SRR SN T AT LN EETH S,

DIVOILUIEANBIT S, JIEBHICL 2 A b
T RZIRFE S MR R B IRAG 2812 & 2 AT 15228
b2fFET 52 LI X D IEIREMRE T v M ET IV 2 HE
L7729 REFNVTE, b b EEBL 2 SFEEM (5
SEMBENIR R M BIIR) |2 S A EE TR R M BN IR % 5E
O, BEIFEFMVOMEIIBVWTRKEY - —Thb
interleukin-145 (IL-1p8) °figst~ ) 7 A5 REEHE T
& 5 matrix metalloproteinase 9 (MMP-9) @ F5-% 32
DB EERELTNDET,

Nod —like receptor family pyrin domain containing 3

(NLRP3) inflammasome 3 & H#EAMEKTH Y, Gk
fLi2 & D) IL-18%° MMP-9% A L, RIEXERET 29,
NLRP3 & it 28 DB HR B OB I G ST b
A3 IMEIARIE AR & OB OME LT L A L,
—75, sirtuin 1 (Sirtl) (ZE&{LE! Nicotinamide adenine
dinucleotide (NAD+) KAFMHEHL 7 £ F VLR TH D,

DIMERBIC BT 5 SIERCOEE 2 FIMHE T TH %
L s T, L L, BBIREHEIZBE T

NLRP3& SirtldZENZOWTIE, 2B I hTni

e

*Sirtl O 124 9 NLRP3/IL-14/
7 B
H OB H OB R % H OE R

Vi, £2°C, TAMNOFURZIRETIE, TA MO
Z71K (estrogen receptor : ER) % 7 v L ¥l —
¥ a v &S L7z SirtlofR T2 & 5 NLRP3DIFH AL A,
BRI A 2 2 AR 5 5 AR 2 2 C, M &2 1T o 720

&

TRTCOBWERRL, HERFRFREOMEImHZ
B&O&FE % 521F, National Institutes of Health Guide
for the Care and Use of Laboratory Animals (Z#EHL L
TEHEN L7z,

MBI 5 E 7V TORGT

10:8#5 Sprague-Dawley M= v + (230-260g, 48JE)
%GR LA I o0 A BT IR [ R R (OVX+T v
N EIEREHEE (OVX-F v b)) O 28572, 2D
%, SHBDIRAGZE, SRS EOKGH L WA E B & &
TV, WMERE 2 FE L7z, 3XTO T v ME, WMBIIR
FOFEHZ LY 6 B2 S519AORK (90H ) CTHBIIRE
WHROBIE1T-7- (Fig. 1A). 1BEBLNIZFHR O
BCHRLELATy ME, ARSI L7z (KEES L),
BIEHICT v FHFEC LA i A ) 2 RE T %
Y, BBV, SOg/El (KEDOHKI0%) %2z 514K
FERADE R LA IS INE IR R 2L A EE b AL, ST
T2\ SRR CIMBIIRIE AL 2212 & 5 SAH OF % R L

720 IMERIE L, tail-cuff auto-pickup ¥ (Softron, HIT,
HA) 2T, ST, FHEk28H, 68,
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102 R L 72,

IR aX v kE Y 2 L — % — Bazedoxifene DA
AL
Bazedoxifene (BAZ) % #5935 2 £ 12X % ERs,

Sirtl, NLRP3DFEHDZEALIZ OV TINEIIRE 7 v b€
TOVTHGET L, INENIRIE I DS EEN D28 % AT L 72,
36D OVX+7 v » % MBI RIS 55 6 38 B 12 BAE2
228250, —HIR PR oZEIc &5 1210 mg/
kg/day ® BAZ % (1 H 1M, &) &5L, 59—
J571% vehicle control & L7z,

SRR L 9 ZPAIG

BREI AR OB L 13H D T v ML MG L, Fl
47z sham, OVX-, OVX+F v M & BAZ %45
L720VX+7 v b (% 51E) % By RHA#%E 1% 10:8 H
124 %/8T RNV AT VT e FCHlRE, WEFRENE T
B D IEHRIMEINR % M ALAR & & S ICBRILL, YIR %2 1E
% L 720 YIF 1L elastica van Gieson THefn L, Il &
s DAL % #1% L 72 ERa (abcam, rabbit, ab32063),
ERp (rabbit, ab3576), NLRP3 (rabbit, ab214185),
IL-15 (Cell signaling, rabbit, #12242), MMP-9 (rabbit,
ab76003) (Zxf 9 B PufkE M L, m#4LIZ 1L DAB
buffer tablet Z M L, xflgtmiIA~ bF ) T
175720 st 21X, ERa, ERB, NLRP3IZHNZ,
Sirtl (mouse, abl110304) 2k} AHifETUIF % 50K
o Sz, HfRIE, BZ-X7108HMEE (Keyence, Osaka,
Japan) THEA L, 10000um?d 7z V) @ B 1k 1 fi % BZ-
X710 O WHEIAENT Y 7 b7 = 7 TR L 720

IMAFREZ B 15 5 mRNA f#H7 (RT-PCR #id)

Al 2 HE A L 72 4F e 2 & b 8 72 sham, OVX-,
OVX+Z v b (% 8IL) 75 MMEY AR 5 #4108 H (12
RIFFEME TH 5 B RKWENIRZ RN L, mRNA L
NV % RT-PCR # 4 % Fl v TILEL L 720 MagNA Pure
RNA isolation kit (Roche, Tokyo, Japan) & MagNa
lyser (Roche) 7% Fl\» T4 #t O 2L 0T 56 1% @ total
RNA % 578 - i L 72 Total RNA @ cDNA ~ i
#2512 1% Transcriptor Universal cDNA Master (Roche)

T

m
Rl
5

%, RT-PCR (2% LightCycler 20 (Roche Diagnostics,
Tokyo, Japan) ZfHifH L7z, PCR &%, 95T 1047,
95C 10, 60T 10#, 72C 8 ¥ D ¥ 1 7 )V % 40l4T\,
ERa, ERB, NLRP3, IL-18, Sirtl, MMP-98 & O* 7/
VT IVTe R3-) YR e Fu s —+ (GAPDH)
@ mRNA 5 3l & % Wl % L 7. #% £ &, GAPDH &
mRNA FEBIF 0 L TR L 72,

TIA4 <=, LT T ZH\w/2, ERa : Forward : 5'-
TGC ACC ATC GAT AAG AAC C-3, Reverse : 5'-
GTC TCC TGA AGT GCC CAT T-3s ERp : Forward,
5-CTG CAT GGC TGA GCG ACA A-3, Reverse :5'-
AGA GAC TCA TGG GAC TCA GAT-3's NLRP3:
Forward : 5'-TGG ATC TTT GCA GCG ATC AAC-
3, Reverse : 5'-CAC TCC TCT TCA AGG CTG TC-3\
IL-18 : Forward : 5-TGC AGG CTT CGA GAT GAA
C-3', Reverse 5'-AGC TCA TGG AGA ATA CCA
CTT G-3, Sirtl : Forward : 5-CCA GAA CAG TTT
CAT AGA GCC, Reverse : 5'-CAC TTC ATG GGG
TAT AGA ACT TG-3's MMP-9 : Forward 5'-CCT
GGA ACT CAC ACA ACG-3, Reverse : 5-GAG GTC
ATA GGT CAC GTA GG-3's GAPDH : Forward : 5'-
TAC ACT GAG CAC GTT G-3', Reverse : 5'-CCC
TGT TGC AGT CAT A-3,

v A R R T OGS

b M ANIMAE N B MAE  (human brain endothelial cells
HBECs) 4, ScienCell Research Laboratories (Carlsbad,
CA 92008, USA) #» 5, b MIMEFEHME (human
brain smooth muscle cells : HBSMCs) 1%, Cell Biologics

(Chicago, IL, USA) 5 ATF L7z,

I b0y REZREOMPBEFEICIE, A tar s
Bde L7z DB IRIME % 3N L 725528 (phenol red-
free minimum essential medium) #f#/H L 729, &KIZ,
HBECs 3 & " HBSMCs 1210°M @ ERaZE1E AT
& 5 propylpyrazoletriol (PPT, Sigma, H6036) £ & O°
ERB < & 4K 1 H 38 ¢ & % diarylpropionitrile (DPN,
Sigma, H5915), Human Angiotensinll (Sigma A9525),
17B-estradiol (107M) %@L, 24FE[ALEE L 7214,
Western Blot #4728 | 2l & [RIIX L 7z vehicle control
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1%, 17B-estradiol, PPT, DPN B & UF Angiotensin II &
FEEETTCOZA My yeg&Ey VRBIMELZRNL
TR A VW 72

Western Blot f##T
PUTNIE, T T =B/ RAT 75— BHEAR
277 )V (Cell Signaling Technology #:, #5872) % &ir
RIPA buffer THEILL 7z, ¥ > 787 HiltkL, BCA kit
(Thermo Fisher Scientific, USA) % Fl\vCTH#llE L,
5 2578 (30ug) % SDSPAGE T4 L, polyvinylidene
fluoride membranes (immune-blot PVDF membrane,
IO-RAD) 2% L7z —¥ifkE LT, ERa (rabbit,
ab32063), ERA (rabbit, ab3576), MRERI—F LERE

i (endothelial nitric oxide synthase:eNOS) (mouse,

ab76198), Sirtl (mouse, abl10304), NADPH oxidase
4 (NOX4) (rabbit, ab133303), NLRP3 (rabbit,
ab214185), IL-15 (Cell Signaling, mouse, #12242),
MMP-9 (rabbit, ab76003), p-actin (Sigma-Aldrich,
#A5441) % J 72, Amersham ECL prime Western
blotting detection reagents (GE Healthcare, UK) T
Hi L, Lumino W % 45 #7 %€ i (Image Quant LAS4000
mini, GE Healthcare, UK) # & F NIH Image] 1.52
V7 b T TR L7z,

AT

HEEH#AT 1213 Prism version 7. 0 software (GraphPad)
V720 IMBYIRIE A 2L O 56 R B O T 121X Fisher's
exact test Z [ L 720 SAH 7 L AEFF 31X logrank &
ETHA L 72e £ DT — %1%, one-way ANOVA
FEAT L2 C, Kruskal-Wallis 1T - 720 2 BER D
7 — %1%, Student’s t-test * WV THMT L7z, 77— % 1
FIfiE+SD TR L, P <0004 ICHEIAE EAEDS
HbHELT,

® R

C BRFFEMAE (B RKNEIR) (2B T NLRP3DFEH
W& ERaDRIUKT %2872,
OVX+F v b & OVX-F v b & INENIRE F S E %
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19k, 20 28ME2S, BIMLESFES N, JIE
WHOFEIZ L L2 MEDEITR SN a2 o7 (Fig. 1B),
OVX+T v MEOVX-F v MIINTHEREOHINZ 720D
7z (Fig. 1C) o MMBIARIEHEZL 1L A28 B IR R 12 K EDIR 12
AL (Fig. 1D), OVX+J v ME OVX-F v b & Ibig
L CHHBIIRE R OB ESHEIZE < 47% vs 16%,
p=0.03:Fig. 1E), SAH IZ X 2B % Emh o 72 (Fig.
1F)s

OVX+7 v + OWESFFEIMNE TdH 2 HAMBEIIRIZ B0
T, ERa 38 H & T & ERp, NLRP3, IL-18, MMP-9
DOFEBEH %O (Fig. 2)o mRNA LX)V T,
OVX+7 v b OB RIFIMNE Tld ERa DT & NLRPS3,
IL-15, MMP-9D bE5 % 58572 (Fig.3),

X R buS Y RZAREO R MR BT
NLRP3® E51d Sirtl DK FIZBE# L 72,

OVX+7 v b OBZIFFEIMAE T Sirt] DT % 5295 T
BY (Fig.3), TA bur v RZIKE (E2-) @ HBECs
& HBSMCs 12 B \» T & ERa & Sirtl®d & T, NLRP3
O LA EZFED 7 (Fig. 4A and B)o HBSMCs 128\ T,
Angiotensin Il DRMNIC & » THIMMEIKRGE % 558 L 72
W Angiotensin Il Tl&, Sirtl%° NLRP3MDFSH |2 #2248
FRED o7z (Fig 4A)e 2O L XY, BIELD
TA BT Y RZDTH Sirtl DT 22 NLRP3D 512
WL TWA I EHPRIEBENT,

T AMOF YRZIZE S ERa L Sirtlo KT I,
NLRP3, IL-18, MMP-9D3EH 2 ¥m S €72,

I A buy /R ZIKFED HBECs TlX, ERa & Sirtl
DT L, eNOS DT & NOX4 EHIZHM L TH
0, LA ML AOES2RE SN/ (Fig. 4B). F 72
NLRP3® E&- & —F L T, IL-188 L " MMP-9D %8l
FREZRO (Fig 40).

IA has v RZIKFED HBECs Tlid, = A hasr >
TdH 5 17B-estradiol #i{MT 4 Z & 12 & - T ERa, Sirtl,
eNOS DT & NOX-4, NLRP3® F&i3dezE L7- (Fig.
5A)e T A MuF YR ZIKEED HBSMCs 2B\ Td,
ERa, Sirtl®f&F & NLRP3, IL-18, MMP-9® k5%,
17p-estradiol ZIN$ 5 2 & 12 & - T3 L 72 (Fig. 5B) o
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Figure 1 : OVX+5 v b & OVX-F v b IC BT 5 BhIRE O Frii
A FEETO Na— v, B WMEREFENS L OFES 2, 6, 1008 HoUGHWIME. C: MBIk
JEFE 10 H R E (FHE160L), *p<0.05, Student's t-testo I =SDo D : OVX+F v h OHi
ZEBBENHR & P2 RIMEIAR OB BB IRFE . E : OVX+ 5 v b & OVX-F v b ORBIIRIE 24 0 J8 4 5
#*p=0.03, Fisher's exact testo F : OVX+3B L N OVX-TF v MIZBIF % SAH (Subarachnoid hemor-
rhage) 7 L OAEFESR,
sham OVX- OVX+ sham OVX- OVX+
. - . — —
-\ = Slaen,  TOm e = 2,
ERo NS = NLRP3 = T— 3 <
\ . lumen —~ ‘ W <
: - —_ -
ERB N IL-1p = \
N
AR IS MMP-9 - N\
X bl R
(EVG) X ]

bS 15 ERp E 15 MMP-9
13 )
S S S =
3 10 —— 8 1.0 R
:
o &
2 0.5 *§ 0.5
8 c
o

0.0 0.0 0 0 0.0

sham OVX- OVX+ sham OVX- OVX+ sham OVX- OVX+ sham OVX- OVX+ sham OVX- OVX+
Figure 2 :

ERa, ERf., NLRP3, IL-18, MMP-9® % iEflfkdts & Elastica van Gieson (EVG) 4eft, YIH 13#
BOMTRT LI ITEBRMEIIR CERE AN L 720 REIIMAEDHZ L RdWiln2mRd. Bk
1813 BZ-X710Cf#MT 3 +SD. *p<<0.05, Kruskal-Wallis 5o

Rl
5

INnesDZ kX, SirtlB X OERa DK T MR L A
ML A%B|&#Z L, MEEIZHIT S NLRP3/IL-1/
MMP-9EH O L% & 729 &% 2 517 (Fig. 5C) o

-ERaZHMIEHIEEZ, =AMy Y RZIZX 5 ERa
L SirtlOK B X NLRP3D 7 2 dE 3872,
I A has /R ZIREED HBECs 3 £ U8 HBSMCs 12
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Figure 3 :
OVX+Z v F, OVX-7 v b, sham 7 v MIZHB1] 5 ERa, ERS, Sirtl, NLRP3, IL-15, MMP-9®
mRNA f##t (RT-PCR#2E) o “PH+SD (&HESIL), *p<0.05, Kruskal-Wallis #7E.
A
ERa Sirt1 NLRP3
HBSMCs 15 ¥
ERc W o “* 60kDa * * N
ERB ‘ L e - : - *
Sirt] s s s bl 110kDa g
NLRP3 - 1350n § 0.5
B-actin w 42kDa -- l' ’J_‘
An;ﬁf::; o P + o+ - - + o+ - -
(105M) (1/3:%:; -+ -+ -+ -+ -+ -+
B C.
HBECs
ERo. Wil % 60kDa 15 r ERa eNOS Sirt1 NOX4 NLRP3 HBECs NLRP3 IL-1B MMP-9
15 «
ERB SN e 5902 * * NLRP3 S | 135kDa

eNOS| M W 130Da

X
IL-1B W e 17kDa
g "0 g 10
2
. & MMP-9 W oDa £
Sirt1| W S 110kDa g
© v
k] -actin A 42kDa O
NOX4 Wiy SN o702 © 05 . a&f 05
+ -
NLRP3| g 9 135k0a ' ’_L‘ E2
B-actin 'e—— 202 (o o
- + - + - + -

E2 + - +

E2 + -
Figure4 : HBECs, HBSMCs I8BT4 T A bu s v /RZDF%E:
AT A bOr yRZIREE (E2-) C, Angiotensinll (AngIl, 106M) #00ZE 72 1ZIEA0N L 72 HBSMCs 128
7% ERa, Sirtl, 38X U°NLRP3® Western Blot fi##i, B: TA Masrrdh by (E2+) &, Flldz Aoy
> 7L (E2-) TH;3E L 72 HBECs I28B1J 5 ERa, eNOS, Sirtl, NOX4, # X ¥ NLRP3® Western Blot fi##T.
C : HBECs 12813 % NLRP3, IL-15, B X1 MMP-9® Western Blot f##iT. 3 £SD. *p<0.05, Students
t-test, Kruskal-Wallis #% o
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ERC. S w— 50kDa & Estrogen deficient
k Kk
* m/rm I * % e
Sirt! g S @ 110kDa r mr
21.0 ERa 1 I—Ez ERa modulators
ENOS sy s s 133kDa
5
NOX4 NS uums s 167kDa 2 eNOS
Los5 Sirt1 ‘ Rupture |As
NLRP3 . g g 135kDa I NOX41 = 3"‘}’.},_
B-aCHN K S W 42kDa () NLRP3 T
B2 4+ _ ERa Sirt1 eNOS NOX4 NLRP3
. _ - E2- /17p-estradiol .
17B-estradiol + [ E2+ I E2 [} B-estradiol ro-IL-1p IL-1B MMP-9
B. HBSMCs
15
ERa ™ o . s 60cDa * ok
M * k £ %
Sirt M g W 110kDa UL 5
$1.0
NLRP3 s #1550, 5
<
IL-1B| S — 17kDa 8 o
MMP-9 - 92kDa ﬁ
p-actin -- 42kDa g I_LI
ERa Slrt1 NLRP3 IL-1B MMP-9
E2 +
17p-estradiol - - + []E2+ N E2- [ E2- /117B-estradiol

Figure5 : = A b1 ’7’77{2&(;’;@ (E2-) T» HBECs 3 X U HBSMCs |2
BT % Western Blot fi##T.17p-estradiol (10°M) OFEMIZL D, T A }\ o4y REZKETRS

At HBECs (2

N7z ERa, Sirtl, eNOS O & NOX4, NLRP3® 525t L7z, B : HBSMCs (2

*3 % 17p-estradiol DHZEE,

BT % Western Blot f#

Mo 17B-estradiol (107°M) ORMIZ L > TTA a7 R ZIKAETH 572 ERa, SirtlOZFUKT, % 5 N

NLRP3, IL-18, MMP-9® FH-258# L7z, ¥ £SD,

BB My RZOEEORAIA,

B W T, ERa, Sirtl®o & F & NLRP3® I 5 1, ERa
ZHEBERE (PPT) O
6A and B), ERAZZEMRIEHZE (DPN) OUINTILR2E
EN7%» o7z (data not shown)e T A b O 7V ZHAK
V2L —F—THsBAZ ZNBEIRIES v b ETIVIC
BETHILIZLY), TAMAF U RZIREEIZ L - THI
2Nz ERa & SirtlOfK T & NLRP3D FAIZIEFILL

(Fig. 6C), SAH Oz & vy R Ak Sz

(Fig.6D)o T A NOF VZHREEY 2L —F—12L 5
ERa & SirtlD s % 4 L 72 B IR o 1 2L o 7] fig
PEATRIE S 7z,

E

AL TIE, SIEMHHICL > T A b RZE
FHE L WMEIRE S v P ETF IV OBBIFEMETH S
HBAMEIIRIZ BT, ERa & Sirtld & T & NLRP3/
IL-18/MMP-98 I O iH AL A L T % 2 & & 3
L7z F72, ERa & Sirtlof&F, NLRP3® E&1x, —

Ly shzy (Fig

*p <0.05, Kruskal-Wallis #5€. C : BMEIIRIE O 1L

A bar U RZIKFELTEY, Angiotensin I D #IN

B I NG hoTe INHOZEIFZA MU UK
ZI2 &% ERa & SirtlOfKT 25, @IMEOFZE L35I
NLRP3#% i LT 2 W fEtE 2 R L CWvWb, = A b0
YR ZIREETHi#E L 72 HBECs Tl&, ERa & Sirtl®
BTIZEY, NOX4D L&F & eNOS DK T %789, ik
FE# 0412 X - T NLRP3, IL-15, MMP-9%° 5§
LEEZ LN, IS DZE{IE, 17p-estradiol, & %
Wi ERaZ B ARERSETH 5 PPT 2N % Lo L
7275, ERBZHAMRMEMIETH 5 DPN TREILL %2>
7zo DLE XD, MREIREHZNL, D7 < LB ESIICIE
IAMBTYURZIZED ERazra;U“Sirﬂm&T%ﬁ\L
72 NLRP3/IL-18/MMP-9%% s O iEHALICERK L T %
T EHIRIE I NI,

ERa & ERBIZH 7 2 Mg LMk L TS F & F I
fEM L, NLRP3% ERs & OBIfRITFEELHMIZ L - T
R LEHEINTWAEE9, Zhang 1%, B2 L 720K
YR O I BE 12 NLRP3DSEHLAS A4 2 & & % 35
LTWaH, bbb ORI LY TiE, NEIIREICS
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. ERa Sirt1 NLRP3 T . . 4 ERa Sirt1 NLRP3

[JE2+ ME2- []E2-/PPT []E2+ ME2- []E2-/PPT

D.

700 100 *
o 600
t g 8
g 500 3
§ 400 g 60
5 a
2 300 8 40
8 200 z
& @ 20 A

100 -4~ OVX+ (VC)

0 o |0 OVX+BAZ 1mglkg
ERa Sirt1 NLRP3 0 30 60 90
W\Vvc [BAz days

Figure 6 : HBECs, HBSMCs B X S BEIZ BT AT A PO X U ZFEEY 2L — ¥ — DR R

ABEXUB:ERaxzHERIEHHE TH % PPT (propylpyrazoletriol, 10M) %y F 72 13 IEARMI TR 2 L 72
HBECs (A) 3 X O"HBSMCs (B) 2815 ERa, Sirtl, 3 X 08 NLRP3® Western Blot f##T, -3 +SD,
#*p<0. 05, Kruskal-Wallis #7E.

C : vehicle control # (VC) 3 X U Bazedoxifene (BAZ, 1.0 mg/kg/H) %#¥%%5 L72MENIRIE S v b oifiE
BET® ERa, Sirtl, B L U NLRP3OHCHEGM, C: BAZ ##% 535 &, WMEIREZ v PETVIZBWT
SAH (Subarachnoid hemorrhage) 7 L OAEFHIM AR L7z, *p <0.05, log-rank testo

VT ERs ZIBULT & B L 72 NLRP3iG AL Dt 13 A
5N 7o 720 Novella & D in vitro TFZE T, BIRA)
MoxabaryoREICZL) KEETA NI AL 2D
HREUPBRT T2 e2MELTHEY, =2 barro
WRIIE KR TH D AR SN T WD, AR
JEOMENIRIE S v P EF IV TIE, IIERHEAIICE ) =2
FEFYRZAFELEINTE D, IR LA RO R
FAEMREEICEDLREZ L0 L Tnis eEZHN
7oo SirtlOE AL, b b ERIR N MR 12 BT
NLRP3DOFEMZ T 5 Z LAVREN, & 512, & Ml
BEEHMICB W T Sirtlid, DNA BE & NREZ %
MOREL, BIIRELZEIHS 2 L HE SN Tn5Y,
Sirtl DT %S NLRP3D & 144k, IL-18%° MMP-99 L5
FIEEL, WEIIRIEWREO—DDOBERIIR DL I ENER
b7z,

I AU N7 YT A17S-estradiol DFG1%, KEIIRD
Sirt1ZH % [E &2, eNOS ZiEMH L L, JHHEFR LI X

LEROEA L BIRELOEREESE, A sy
ZEMREY 2L -5 —THAHBAZOKG b F72, Bk
DAL & BIRBEAL D AR 2 B L 2% A% 5 Sirtl O 5Bl %
B L7z 25X NTwDEY, Lzd>C, =Abasr
Y F 2L BAZ O 5%, SirtloKTFIZ L - Tl &R
ENDLEELRENZBYSEDLEEZ LMD,
AT, WO DRERD S %o BXBEDIRIE (£ 11
B OIS % SRR ENIRE AT S, £ DRI
WL C, SAHZ 2723, CORMEREZ v MET WV
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Activation of NLRP3/IL-18/MMP-9 pathway via depletion of ERa and Sirt1 contrib-
utes to intracranial aneurysm rupture in estrogen-deficient rats

Tadashi Yamaguchi, Izumi Yamaguchi, Masaaki Korai, Kenji Shimada, Yoshiteru Tada, Keiko T.
Kitazato, Yasuhisa Kanematsu, and Yasushi Takagi

Department of Neurosurgery, Graduate School of Biomedical Sciences, Tokushima University, Tokushima, Japan

SUMMARY

Objective : Subarachnoid hemorrhage (SAH) due to rupture of intracranial aneurysm is
often a devastating event. Since the incidence of SAH increases, especially in menopause, it is
crucial to clarify the detailed pathogenesis of these events. We tested our hypothesis that, under
estrogen-deficient conditions, activation of vascular nucleotide-binding oligomerization domain-like
receptor family pyrin domain-containing 3 (NLRP3) inflammasomes via down-regulation of estro-
gen receptor (ER) and sirtuinl (Sirtl) facilitates the ruptured intracranial aneurysms.

Methods : Ten-week-old female Sprague-Dawley rats with and without oophorectomy (OVX*
and OVX  rats, respectively) were subjected to hemodynamic changes and hypertension and fed
a high-salt diet. Using human brain endothelial cells (HBECs) and smooth muscle cells (HB-
SMCs) , we tested the effect of estradiol, ER agonists.

Results : In OVX™ rats, the frequency of intracranial aneurysm rupture was significantly
higher than in OVX™ rats (p=0.03). In the left posterior cerebral artery prone to rupture in
OVX™ rats, the levels of the mRNAs encoding ERa and Sirtl, but not of that encoding ERS, were
decreased and the levels of the mRNAs encoding NLRP3, interleukin-18 (IL-14), and matrix
metalloproteinase 9 (MMP-9) were elevated. Immunohistochemistry, the expression profiles of
these proteins were correlated with their mRNA levels. Treatment with an ER modulator, ba-
zedoxifene, normalized the expression profiles of these proteins and improved SAH-free survival.
In HBECs and HBSMCs grown under estrogen-free conditions, the elevation of NLRP3, IL-15,
MMP-9, and the depletion of ERa and Sirtl, were counteracted by exposure to an ERa agonist,
but not an ERf agonist.

Conclusions : The down-regulation of ERa and Sirtl by estrogen deficiency may contribute
to the activation of the NLRP3/IL-18/MMP-9 pathway, facilitating the rupture of intracranial

aneurysms.

Key words : estrogen deficiency, estrogen receptor, intracranial aneurysm, NLRP3 inflam-
masome, Sirtl





