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T8 B ZE VR B (chronic obstructive pulmonary dis-
ease : COPD) &, EfTHEOKIHIEZ =8 L 3 2 ik
BTH D, COPD OEMER Tl RIEEIRDHG 2 5 &
BIZIEATY . RAENEZRICE T 53, HENEE RSk GE
BEE 2 SR EER 2 BT 5. F720 £ < @ COPD
B PR EEHEZHET A EELEZRAL T
bo HEIC, REERMEAMIIT Y Y AS L COPD H#
DEF—ERIE L LRI ) H S NS08, ik
AT B & HHVERRAIBRRERR S 4 & SR 2 5 REMEAS
HbHo LAaL., COPDIRET OHL I »HIZ L D HHK
FERNOEEIIHS HTld e v, 22T, AHGEH I
3 YEIZ X S COPD PR3 Ak AE R o FEALAE H % 7 A
T5720, 7 AY —¥iE5 COPD € 7 IVENY) % 1E
LZhFTIz, COPD &7 VEMA MRS (BBB)
BELFEB L., fia) YEOPRBITHEIERT LT &
TREIED, INHDOKERIE, COPDHET BT
% BBB BEREIRT & 2012 fE 5 W o R AT = B K AS
TS QIR RER E 2 BT oRRE 2D 9 52
xR L7, L2 L. COPDJREET IZEB\WT, BBB
PREREL [71& &) & L CMmRIBERES %I T %
AN ZALEIAHTH S,

fii. BBBIC X ) KMIERL DS TBY ., X
O & X R 2 REREL AT L4 ETh S,
BBB (3. KITESR & I o M ALE 3 5 % Mo
KTH Y. BRAANOGT. A4 v, Mo % HE)
LTw5b, 2o BBB Oy fkiz. zonula occludin-
1 (ZO-1). occludin. claudin- 5 D% (tight junc-
tion : T]) B S ¥ /87 BA& A L CHEEISHA L 72K
ANEN AR (BMEC) Td 5. BE¥E3 %5 BMEC [
O T . MRS % &M 5 2 KBRS TR 1 4
YOWEEFIR L, & 5121E, RIETEER D S I~ ik
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HBHEWE R RIEMBORAZIVTW5, §£> T, BBB
DN THEREIE . NSO TE RIS L. RAER
REDZAEIZ 3\ THRMHIE & I 0 0 221 8 B % 46k S T
EhkEl o T,

2y N ED1DTHAHserum amyloid A
(SAA) &, BMERIERCIEBR M2 23 %, Jang,
W.Y. 5 1%, FFIEER S SAA BRIZEH ~ 7 2939 Dtk
TEHBLUMREAELZET LI LM L2, E5I0RK
V. b b ENRE LZBERZEIZB VT, SAA 78 BBB
EEEZET LA BTN 5 2 E2VRENT.
IS0, SAA DSEMMEED S B~ RKIES 7
FIVEEET 20 FL%) ) b2 LR, E5IZIESAA
7% BBB i & 224% & L 7 BRI T & b 72 & 3 RE
%IRRT 5, COPD B# 2B\ TdH., COPD Ay
oM h SAA BEO EAHE S, 2ERO
FEBUME EE K A DR AE O AL S HHE S B, L L,
SAA iR TH 5 BBB I L TED & 9 M
EHTDHEPIERZICES LTI V. E512, £ D
SAAZ, E8 1M TIZHDL & 4 L. SAA & HDL
OB, EVOAEYENEEICHET 5, HDL
1Z. SAAIZ X BN D RKEEVET A4 b 4 > o
IS4 5, — 7T, HDL @ apoA 1 25 SAA 12 &S
HE,HDLICE ALV AT 00— VHEHEEIXIE T3 4,
fit>C. SAA & HDL O HEAEHIZ. SAA B X UVHDL
OEHIEHOBEZE LR AN AL TH 5,
REFFETId. SAA2ST v MK EMAL (RBEC) %
FAWTIESL L 72 in vitro BBB 7))V (RBEC HJgE 5
V) O THEREICH L CEEN B2 670 %
Bt L7z €512, HDL OFEGEET 23 HEETICE
WC, RBEC @31 THEREIZR 5 SAA OIEHIZD W
CRIBR D FEBR A ATV LEBHMGET L 720
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1. v MEARMEROMKESE

F v MKIMEW MG (RBEC) omfEz1E, 38
# D Wistar 7 v b (Kyudo Co.. Ltd. f£8) X b Bk,
L7,

2. In vitro BBB EF /b & AW -RIMAKEMRO/NU 7
FeEE D ST

In vitro BBB €7V (RBEC HBET)V) #HHT 5
72912, RBEC (15x10'cells/cm?) % 7 4 70427 F
BLas—r»IVTa—7 4 7 L7 Transwell™
A = M IETE L 72 (A6, 5mm. FLEEO. 4um.
Corning. NY)o RBECHEET LN 7V ¥ i
TS F T, A% 500nM  hydrocortisone (Sigma, St.
Louis, MO) % i1 L 72 RBEC 7 #iCH;38 L 72 RBEC
HEE7 )L Transwell 4 > — b+ @ luminal il L O
abluminal #1%0.1. 1. B XU 5ug/mL ® Apo-SAA (N
Kig AT A= BLUOTIHFERDO AT T DT AT F
COEBEEB, B b ApoSAAle RIS T ATt
Y ASAA GrF) T, 24RF LB L 7z, HDL (Alfa,
Ward Hill, MA, USA) % LE4 535413, Apo-SAA &
RAEL. EIRT300M A »F 2_— b L7z, RBEC Hi
&€ 7 )VIZ HDL & Apo-SAA DRAW) % 24K W ALEE |
726

RBEC HJEET N O/ THEEX R T 572012, HE
BRAT I & OSSR LR £ o0 25 IR [T L 5 1T 5 RPN 2 B ST

(TEER. Qx cm?2) % epithelial-volt-ohm meter 3 X
¥ Endohm-6 chamber (World Precision Instruments,
Sarasota, FL, USA) MW ClllE L7z, F72. RBEC
B E 7OV O BN BB 12637 % sodium  fluorescein

(Na-F) #&#aiz. LTOFIETHE L7z, NaF &
WHEEREBRBT A 72010, MEE Y ELmE RE
L. Na-F100ug/mL % % %» physiological buffer (NaCl
141mM., KCl4 mM. CaCl; 2. 8mM, MgSO, 1 mM, NaH.
PO, 1 mM.d- 7 )V 2 — Z210mM, HEPES10mM. pH7. 4)
% Transwell 4 »H — @ luminal 7 ¥ >~ /¥— (100uL)
2B L7z > 70 (400ul) &, 15, 30. 45. 6045
Tabluminal 7 ¥ * N=H25EI L, T ICHEED
physiological buffer % abluminal 7 % » /SX—IZH1 272
Na-F ORI~V F 7 2V 7L — b — 55— ()
P FE485nm. FEI%E530nm. CytoFlour Series4000 ;
Perseptive Biosystem. Framingham. MA., USA) %
FwCillsE U<, EdREEm L7z,

3. Y RX&E>70Ov Mk

Z0- 1. occludin, 3 & U¥claudin- 5D % > /87 B35
HElE, VoA r7uy MEZHWTER L, Y
MUPH24FEMI 212, 1 % AR AT 74 —VBIHERIS 7 TV 2
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(Sigma. St Louis. MO, USA). 1%FKA7 7% —¥
FHEHI S 7 57V 3 (Sigma) BXO1%7ua77—¥H
EXH 757V (Sigma) & &GEH/NY 77— (10mM
Tris-HCI, pH6.8, 100mM NaCl, 1mM EDTA. 10%
7))t —)v, 1 %Triton X-100. 0.1%SDS. 0.5% 7
FFRa—=)VEEF M) 7 4, 2mM  Na;VO,, 50mM
NaF.20mM V) &+ b 1) 7 210k B X 0%50mg/mL
Tt 7 2 =V AF IV ANk Z)V) & RBECs 12l £
T, Ml Z R L 7o MBI R O S > X7 IR
13.BCA # V3287 v+ A4 % v » (Thermo Fisher Sci-
entific, Waltham. MA, USA) # W TE= L7z, &
TN ERDY N % SDS-RY T )V
T I FTFVTESKE LT, JHEL728 Y8 BNV R
% PVDF [ (Wako) Z#25 L7zc 2O, 15 L7z A
~ 7L » % Blocking One (Nacalai Tesque) T7 1 7
L 72%. ZO-1 (1 :1000. # % 1 7 % 561-7300 ;
Thermo Scientific). occludin (1 : 50074 % 1 7 %533
-1500 ; Thermo Scientific). claudin-5 (1 :1000. 7
1 7% 535-2500 ; Thermo Scientific) # & UF B-actin

(1 :10000, # % 1 7 F“5 A1978. Sigma) (Zxf 9 %
— kYA R L CRE 7Oy b &4 o 72 HRP &
2 RPUR LB L 72, S09E SUGE N~ R % Immnostar
LD (Wako) THEALL. FluorChem SP £ x—2 v 7
VAT LAEHCCT YIS NI TPV EXR Y T F v — L
720 TOH. WSV 7 by 27 TdHhAHImage ]

(NIH) #%MH L CERfbL 72,

4. WEETEEIR

RERILTFHMEESEM & L OR L. 2B L U4
HEH OMEHENAE BEOIEIZOW TR, 212N, stu-
dent's t g L O—ICHE S EGHT (ANOVA) %D
Tukey-Krame % (Graph Pad Prism6. 0 (GraphPad.
San Diego. CA) |Zfit > 72, PEH0. 05K D&, H
Bl L7,
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1. RBECHEETINICE T2 BBBEBMICHT S
Apo-SAA D&

A, BBB /YY) 7HEREIZ R 3 % Apo-SAA D IE
By 7 5B % Mat 3 5 72012, RBEC HE €77V % hydro-
cortisone % & o #1557 M © Apo-SAA (0.1, 1.
S5ug/mL) |ZHEFE L 720 Apo-SAA I, FRR & IR
£ LC RBEC @ TEER % g4 &7z (Ref] F (2, 186)
=80.76. p<0.0001 ;7 FE:F (3. 186) =80.76. p
<0.0001 ; #HHEAEH F(6. 186) =20.59, p<0.0001))

(Figure 1 A) . 24 [ @ Apo-SAA JLFE . Apo-SAA
(1BXUV5pg/mL) (ZZ 121 TEER %26.3% 8 &
044, 4% £ 872 (Figure 1 B)o & 512 BBB #llfiE
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Figure 1. Apo-SAA impaired brain endothelial barrier via decreased levels of occludin and claudin-5 in RBECs.

(A) Time-course of the changes in TEER of RBECs after addition of Apo-SAA during a 24 hour period. Apo-SAA (0.1, 1 5ug/
mL) was added to both the luminal and abluminal chamber of RBEC monolayers, and then TEER of RBECs were measured just
before (0), 6 and 24 hours after addition of Apo-SAA. Results were expressed as a % of the values in corresponding vehicle-
treated RBEC monolayers at indicated time point (0 h: 48.0+84 Q x cm’, 6 h: 50.3+8.1 Q x cm’, 24 h: 81.2+14.1 Q x cm?). Values
are the means+=SEM (n=16-17). ****p<0.0001 vs each corresponding vehicle.

(B). (C) Effect of Apo-SAA on TEER (B) and Na-F permeability (C) in RBEC monolayers. RBEC monolayers were treated with
Apo-SAA (0.1, 1 5 pug/mL) added to both the luminal and abluminal chamber of RBEC monolayers for 24 hours. Results were ex-
pressed as a % of vehicle (vehicle: 0.086+0.012 x 10”cm/min). Values are the means+SEM (n=16-17). ****p<0.0001 vs vehicle.

(D) Representative images of Western blots showing ZO-1, occludin and claudin-5 in RBECs treated with 5 ug/mL of Apo-SAA
for 24 hours. B-actin was used as a loading control.

(E)-(G) Quantitative analysis of the protein expression levels of ZO-1 (E), occludin (F) and claudin-5 (G) in the RBECs. Values are

mean+SEM (n=4). *p<0.05, **p<0.01 vs vehicle

B DIRIECH 5 Na-F O FE @R & L7z, Apo-
SAA 1. RBEC HJgE T WVIZB W CEEKRIERIZ RBEC
O Na-F i % #0 & 72 (Figure 1 C) o & OHIIME .
5ug/mL @ Apo-SAA THEZRZENRRD LTz WIZ,
RBEC T A o v r 7 ayMly o878 (ZO-
1. occludin, claudin-5) ® % > /87 F 5B w125 §
% Apo-SAA OFEF 2 #ET L72s 5ug/mL @ Apo-SAA
. RBEC ® occludin & Fclaudin-5® % > /¥ 7 &
BHE T GEI E87: (Figure 1 Fand 1 G) 2%, ZO
-1 DY Yy BB IIELARRD Sk b o 72 (Fig-
ure 1 E)o
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2. Apo-SAAFE #BBBE & (C Xt § % High-density
lipoprotein (HDL) DiMil{ER

RBEC HiJg £ 7 )V IZ BT % Apo-SAA #H% D Na-F &
WPETCHENL Apo-SAA ZBVEM S Z & THIfl S 7

(Figure 2 A)o Apo-SAA (X, IMiEIZ% < fF1E9 5 HDL
DT RVEY VIRV ETHLIEDRHESNTBY,
HDL I2#5 A& L 72 SAA I, MEHERS & 13587 2 A 2
2R, F 2Ty Apo-SAA ASHEMLEIRAE & [FIAf 12
MEFTE T T BBB O THREREMEH A AT 500 %
Et U720 10%IiE % & & RBEC ¥4 H1 12 3T Apo-
SAA IE, RBECH.EE T )V O Na-F & @iz w28 %2 5
Z 7o 7z (Figure 2B)o HA£12. HDL (50ug/mL)
ORI, MBS 1251 5 Apo-SAA FHED Na-
F &# M cErEH 290 L 72 (Figure2C)o, F 7. HDL
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Figure 2. HDL abrogated Apo-SAA impaired brain endothelial barrier in RBECs.

(A) Na-F permeability in RBEC monolayers. RBEC monolayers were exposed to Apo-SAA (5 ug/mL) or heat-inactivated apo-
SAA in both the luminal and abluminal chamber of RBEC monolayers for 24 hours. Results were expressed as a % of vehicle.
Values are the means=SEM (n=10-12). **p<0.01 vs vehicle, #p<0.05 vs SAA treated group

(B), (C) Non-effect of apo-SAA on the permeability of RBECs to Na-F in presence of serum or HDL. RBEC monolayers were in-
cubated with Apo-SAA (5 ug/mL) added to the luminal and abluminal chamber of RBEC monolayer in absent or present of se-
rum (B) or (C) for 24 hours. Results were expressed as a % of vehicle. Values are the means=SEM (n=11-15).

(D) Representative images of Western blots showing ZO-1, occludin and claudin-5 in RBECs co-stimulated with Apo-SAA and
HDL. RBECs were treated with 5 pg/mL of Apo-SAA with or without 50 pg/mL of HDL for 24 hours. 8-actin was used as a
loading control.

(E)-(G) Quantitative analysis of the protein expression levels of ZO-1 (E), occludin (F) and claudin-5 (G) in the RBECs. Values are
mean=SEM (n=5). **p<0.01 vs vedicle.

3. Apo-SAA WLFRZ X % RBEC @ occludin & claudin-
50 % 8y BBE O % RIE S &7 (Figure 2F
and 2G) o

(%]

KB ERARIEUTO2 5 TH D, (1)
SAA . occludin & claudin— 5 D& 2B S5 =2

&ETL WIMEANEAE DN THEEZ EET 5, (2)
SAAFRIC L AMENEMIBOE#EITEL L O
RBEC ® occludin B8 & Fclaudin-5 D % > 73 7 E 558

FEOWANR LT, HDL IZEIHHWER 2773,
TEER ff1d. ML B A RS % 3% F'J?‘Zo A4 v EwE

M %, Figure 1 A IZ/RT X912, Apo-SAA ALEE

(4)

(k. FRR & R ICKAF L € RBEC H.J8 € 7 )V @ TEER
%D SE7. ORI, SAA A RBEC Hig €7
2B WT, MRS R RS o0 3 W & U & B W] RE
RET 5, £2 T, RBEC HEETVIZB VT, SAA
TR O M BRI E B O TUE R ERR T A 72012, Bl
OB EBLE B~ — 7 —TH b Na-F (5 1E367) %
w7z, TEER % & —3 L C. Apo-SAA X RBEC H
J&E 7D Na-F &k % g AR I2m s (Fig-
ure 1 C). 25 OFERIE. SAA S A Rz I I B
1’1&%@/\'} THEZ IS L I EE2REL L, T
Faﬁ%@“% BMEC DT & 41, BBB Ol g [ i
%3 ARG F O Hif Mf%ﬁl%%ﬂﬁﬂ@“% Apo-SAA

i RBEC O TJ B # % > /X 7 % T & 5 occludin &
claudin- 5 ® % ¥ /X7 EFEHEH KT 472 (Figure 1
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D-1G)o Occludin & claudin- 5 @ 3£z, BBB % &
B\ AT (5 F= 3kDa) OFE@EMEETHET S &
DHEEN TS, L7zd¥> T, SAA 2L S RBEC®
N T REBEREE L, occludin B & U claudin- 5 D % ¥ /¥
JERBEORTICL 20 LERSIND, SAADE
TAYEEREIL. formyl peptide receptor 2 (FPR2). Toll
-like receptor 4 (TLR4). TLR2. CD36. P2 X recep-
tor 7. RAGE 2 &5 LW OO ZHERIT X o THES
& 1. phosphatidylinositol-3 kinase (PI3K) /Akt.
mitogen-activated protein kinase (MAPK). B & O nu-
clear factor kappa-light-chain enhancer of activated B
cell (NFkB) 7 EOMBLN > 7 F VB IRInERL B O I
WAL % #5389 5. PI3K/Akt #£i%1X. BBB /Y1 7 1Ak
DO CEE 2 &EEH 2 £72 L, PI3SK/Akt ¥ 7 F V&
FEDOEMAL I occludin B & O claudin- 5 5B 2 LT &
5%, £72. FPR2O#EME TV AL > v 7. SAA
¥ < F 794 b o PI3K/Akt #& oG E L % B
T5ZET, FIF /A OB LA M A >
B ZIHT 5, v =AY 7 ay MEZ VT, RBEC
2B 5 FPR2 % 87 BB 2 M2 L 7> (data not
shown) o B3 DOWFZE & ff & CARIFFERE R 2 E824 5 &,
SAA IZ FPR 2 /PI3k/Akt #&i# % /- L T occludin 3 &
W claudin- 5 ® ¥ ¥ 37 BEEBlE % WA S &, AR
Ja 3 TREBE R B S & LA S B0 FPR 2 12T
A CMOZHFEEROHA R AT 4 T— % —ZRUS LT TJ
Ay V7 BRI T A2 L ME SN TS, Apo
SAA OBEAREHEALAS, RBEC HEETIVIZBIT 5 SAA
FHEO NaF E#MEI L HESED 2 L 2L 72w
(Figure 2A), & O SAA T HKASAA IZ X % BBB
FRREPEED X 1 = X A5 3 20IEAHTH 5, SAA
12 & 2 BRI N B Z /N 7 HERERE o FEM 72 431 A
B =X LDRIZ, SEROMGHRETH S,
10%IMiE % & L E M2 Apo-SAA % iR L 7234
RBEC Hi@E T WVIZBT 5 Apo-SAA DiMIME RN
DFEBVETCHEME BRI N 2> 72 (Figure 2B),
SAA IFEICHFIECEE S, TRBRIMHICHR S (G
H. SAA DI L ~N)V 1320 -50ug/mL). & A LD
SAA I CHDL &#A L TH 0. & MR
SAA ® T —i# (#50ng/mL) AR & L CHAEL
Twhb, HDL IZHEAE L7 SAA X, fEERl & 135 7% 5
AL TR T I ENHON TS 720, IiETFO
HDL 78 RBEC Hi.Jg@ € 7 )V IZ BT 5 SAA #5580 i 4%
ANz AINE D E A TTHEVE %2 3 2 W REMESSE 2 51
%o 2T, HDL @OIAFAET F 721 3AETE T O BG5S
M W, RBEC HEE T WVIZBIT 5 NaF &l
2% 3 % Apo-SAA ORR % I L 72, HDL % & &
M55 #Cid BBB 23 7 #ae U A B2 IS o0 o2
PETCHEB LN T BE Y v 87 BORA) 1233 5 Apo
SAA DVEHDEES L 72 (Figure2C-2G)e TN H D

(5)
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L, HDL S BBB /N 7HEBEIC X 974 SAA BEE(E
FICHRT L CHIIWER 2B3 5 2 L 2REB L7z, AldiE
M, I SAA JEEEIZ1000f5 L B 8m$ 5 —J5 ¢, I
W HDL 3R (X RGeS 3 v 7 o2k TR I M
TLZENHEINTVE, T2, KB RERSR
T HHERFIZBWTH, HDL Oifd & SAA OB
PIRREAE I IC 55 %, T &b B, SAA & HDL OB
REMIAIGM 1L, BlEB L e 2E T4 U 5 RSt
FIZEZLN D, 512, SAA L HDL OFERER AN
i 12 BBB BEsE & 225 & L 7= Pl w8 2 R0 bt J8 o o
BIZHG T 500 Ltz v,

AHFZETIE, in vitro 12BN T SAA A3 I A Rz
FaoN) 7HREAEET L Z L e @l L, 512,
HDL X SAA 12 X 2 i & Ao 3 ) 7 B aE R %
L 7=

4. COPDJREE T ICBI B MIEFEDI T, SAA B
L OHDL ¥ EDOZEE B & " BBB # ek % 0 B # (2
DWTETFTIVEWZ W Tia%ET 4L & 512, COPD
GHFREORBITIEREWH EEHREIC G 2 2 82 R
FLTwn,



