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I . ¥

E ey ELEEE, 2 nEo EF A2 EERE T D
THEoBEKREETCHDL, KEOIA FIT A4 2L DE, ALK
BT 5 UL HE B I JE (systolic blood pressure: SBP)72' 130 mmHg Ll k
F R MM E 2 80 mm Hg UL B & & S 5[97], &R T
MU EANCEBE (MR EERE 2009 F)2 8T 225 e M
JERE X, DERBSMES, BALOBHRK 1+ & 72 2 B K 7o i f
KETHLZEENPOMEDODIEK TAZHEHMNE LEBRENLELEL D
[27, 28, 58, 60], & & M & i £ iE O — 5 (K 10%) 1% B 8 )k D Bk
2. REET VR T o VERHABENELR SICHERET H DK
P L R E 7228 L KB (K9 90%) 1 LR R B o K RE Bk i JE E T

b %, b FARERMEG M EE OB EIZIE thiazide & F] JR 38
angiotensin 2 #i ¥ % fH % 3K | angiotensin Il Z A EHEH KLV L
VULF XY XN EREREDS KNI HAVWEA TS, L2L
BEOBEMICERL LEOITBER AT e EREBEHE OB X
Z53%ICED., BEEKEZ 3L EMAAEDLDERLZEATLE L
T 12%DEBEFE THBERICHEPR O N2 WWARRERME)Z & A K
MEZEZHEICIVD RSN TWDH[42], T2 THERBHEERD
& 4l & L T angiotensin Il 5 & {K -neprilysin B 5 3 | " @& M 7
T =@y s T —RBRIBESLIXRTI VAL TF afl FZEEKEH
PRI TWwWaN[4], BEEFTERRBIZEE-> TR
Vo I E B EME o B K. B AR AE o mE (b R E R & VI N I E E

) P A o B OF 2 15 ML X renin-angiotensin & O JU i 1T & & M JE O
EH %50 & 2 9([23,34,39,72], £-FEm. ., B FERIE



RMEM), BE, AP A AFEEHESER FARE S & ME O R
E - ERICEE T EBRMBEN TV D16, 23, 75], L~
L., AEMEBEIMEDORBIEA D =X LICEREAL»ITEIHLTW
MW BN EZL . T OEFBMWHIBRIBFLEEITAL TV D,

/N BB B A% /N B2 (small extracellular vesicles: sEV) I i & —
ERCTHER SN, BN 50~150 nm THE 2 1.13~1.19 g/ml O
YW T H D61, 88], SEVIZMBN O ®B M = K Y — A KR
NEICHM AT S22 & TRRIAL, B FY — 2L faEo
A Ly MmA R E RS, sSEVIFNERIC XY v X T ]
DNA. mRNA., microRNA (miR), JEESLRHEY &L Vv o 7= L B 72
WREESY T2 84, AMOBELEREL»D DO N T2 HR#EL
TW5[6,20,94], MMRAICHIAET D sEVIEZ R A F—v X
(B /A= AR T7 7T F =T AR E)NTX0MBAIZEIDY A
Fhah., BEREZ2ALTANALT 20 2 MNICEXT 5.
Fh, sEVRHEOX XN B TMBEE Lo EKEEKEET D
TN 7T rreiEmied 5, Ko TSsEVIZ, Bz
M EME & LTERIS L TWD, EE. Mm% E [44]. & M
Ja R [69]° M R m 1041 E O A BN REREO AR LT | N
A5, 961, HOAK fhRR B E (15, 33]°0 % R IR R [87]7 X @ JK RE I
I ZERNITEHRRNTHREINRTEBY, KEAAAS I~
— =R T v TV RY = 2T AT D sEV OGS H
FpE L TWwW o, F 7o oD lE AT BR M g <o M 2E R e Ml B ok @ sEV
ITOMEEZLOLEELY LET H[9,43]. BT LI a A FOE
Jorm B U v E ML EEE T L~ v A O M8 sEV X i B

MRz 2 & & LA LODKEZIK F X %5([2], Angiotensin II 3 & 4



I EEE T T v b OMIE sEV IZE F D miR-17-3p 3 8l 13 %t
BB LB LT AL TWVWD[64]E Vo lHmERHDL, 20X
LM EREBEORBEIZE TS sSEVOELERRBREATW D,
T o, MM ERE O KBEEETH D IEE B F O M sEV I
X L L CHIML TV I[25]. AIEMREEZHELZE
WMEET TV~ AHBKOMFE sEVIZA AU % JT S
5[17] LMERBICKH L THRENICEHS T T R A T A
» 1> 7Td 5 adiponectin & 2%, B & OV 0 B ¥ R % € 7 v
(ob/ob)~ 7 A D Ifl & sEV T B W TH A T % [74], =% 8h W2 /% g &
BT U A0 M B R M E NS WS LD sEV I B
IRk S 18 fh A R oo UX A A R T A (1071 Wo @ ENH D, L E

DX, EHESHEIRMK ZIZCO LT DG MEE O KRR AR

T o D AETE EIE W DR BWTH sEVOMGENRIE I LTV
5, L, AREMESMIMEEICBIT 5 sEVOKREIXZZ NLE TIZ
EAEHLENITR o TEBLT . A CIEAREMNE G IME O

uj

JE - HERIZH SEVAEbLLIEORMAENL TR, £ LTI ORD
RFIET D720, KEME®MLEEOREME & IBRE LK T2 W
EFoBRBICED —BAOICAVWOATCELHERRERMDIEZ v b
(spontaneously hypertensive rats: SHR)® I #f sEV 2%, I J£ % ]
TN EZTOHFERF L, SHR A Hhx lcm/EN EF L 7
i LL Bl SBP 2% 130 mmHg ##8 2 2 @M% 2 3 5, SHR @
i £ FoRENRBKRS v ~AREMESMJEE S R RICERZH
5, TR 7R wv[24], KBFFEDOH — & TIE, SHR & £ O IEHF &M%
T & H Wistar Kyoto rats (WKY)IZ B 1F % i J£ il # & O g - 5%
O L BEICHIE sSEVARIETREBZBRHL L, KICMIE



sSEVICE TN 20 FTHOERBEBOKE ZFMICREM T 5 %12
X, EOVWNELMEOS W SEVIHEEFIEOBRXPNLETH D &
Exzbhll, &8 TIEER Wistar 7 v b ML sEV o H §f
HikowEELEMHME LAY R AT, B -8 LE
EOMPEER E A T, B =% T WKY & O SHR M #f sEV 28 &
JE o FGE - &R I D 5 M % H M (smooth muscle cell:

SMC)D B HE (I & M UMM RE)IC KR IT T REZ R L 2,



1. 5 —% J v hM#E sEV B IMLJE I K IF T 2%

1. &

sEV (T kR 2 725y 2 Wal L, I & s 2z 5 B RE Mk kL

il

FThHhd, T/ 7wy ) rFEENmMLEREET VYU X0
BESEVIZ, EFH~ U ACBW OB RKELZERL LAHOBKEZ
X F &+ % [2]. Angiotensin Il FEMH O &2 H M & IMEEET T VT
vy MIZEB W T, MmiE sEVIZE T 5 miR-17-3p 5 Bl 28 % BBt &tk
WL TP T 52 &NIRETRIENM D intercellular adhesion

molecule-1 & plasminogen activator inhibitor-1 3§ ¥l 2% JT #f L i %
N OB B E (&I EE O P A )N S S D [64], F 7o B E

[17,25]°WERFE (74121 X L0 & T o mMLEE O EMBKEE LR D
AGEEBEROBEICB T2 sSEVOESRRBIATWS, L
LD, AEMEEMTEIEICBIT D sEVORE IZIFEALLEHL
MmiZEh TRy, £ZTHE & T, WKY 2T SHRIZE W T

mEE sEV2Ae2HF M/t x2d#E T 2n»ramitL 2,



2. MOB KO ik

2-1. Eh ¥ E B
oM E LR HF0 A B oK 3 B G E
WEOKWRES 17-125, 18-016), kB RF @M EBREZBE VB E

‘ﬂﬂn
8
Bl

LA RT A 2EFLTIToe, FEBRIZETEME WKY KO
SHR (4~10 i #% ) (Hoshino laboratory animals, Ibaraki, Japan) % f#
ML, Zy PEARFH S S 2Bo/NEYEFEICE W T,
[ & & £t (CE-2, CLEA Japan, Tokyo, Japan)Z # ff L H H kK T

fill & L 7=,

2-2. sEV O Hi ff

#8 1% 0 75 (Ultracentrifugation: UC ¥E)IC & W 7 » b M8 2» o
sEV & H B L 72 [8, 37, 49]. A YV 7V T »(3.5%) B T @ M
WKY K 8 SHR (5~10 @ # )2 & O g £8 ML (2 X v ifn ik 2 £ B L 7=,
BHL L 72 1§ & PT%E [E 3 @O heparin (AY Pharmaceuticals, Tokyo,
Japan) E IR E L2 (&IEE 2 Uml), ~ A 7 v & HlxE D o B
(model 3740, Kubota, Tokyo, Japan) C &= /0> 57 Bt (1500 x g, = H, 10
min) L M 8 & 5 B L7, MR RKEFPF cCRaFICHEMSE L., EH
£ CHRFE-80 C)L 7z, (37 C, 5 min)L 721X, SW 55Ti
A 47 a—%— % # L7 Optima XL-80 K # = L 5 B %
(Beckman Coulter, Miami, FL, USA)%Z M \» T = L 4 B (10000 rpm
=9481 x g, 4 C,30min)LKMMAERELE, EBLHEO LIFZH
TRWEHE T 2 — 7108 L HBIEDDBE(M1600 rpm = 164071 x g,

4 C,35min)L 70, LB 2w L7 Y B #% M # (phosphate-



buffered saline: PBS)IZ % ¥ L . 7 B &= L 5 #

)
FEEIR:}
RE

N

T 5 72 (41600

rpm = 164071 x g, 4 C, 35 min), Z O L % W H PBS (2}

B

N
L. sEVELTHEERNREGIZHWE,

2-3. sEV @ ki J& 53 fii

sEV DKL /341X, gNANO Gold (IZON Science, Christchurch,
New Zealand)Z W CTE K PL T /3L X (tunable resistive pulse
sensing: TRPS)VEICEIVHAEL/Z, ARy TF % 46.5 mm (T ELT NP100
F /AR T % gNANO Gold I[CZEAE LIV WG EIZHE ST sEV O H A E
CEAEPEEREL, R (ERN 110 nm OB NLAF T RIAF L

BLF)THRIEL CRE DA REZIEMR LI (K 1A),

2-4. sEV ORI &5 LMk O R

LLFIC/RT 4 D0 sEV &5 REIZ0 10 72: WKY L8 sEV (WSEV) %
BHLZ WKY [W (W)], SHR 4 sEV (SsEV)Z# 5 L7 WKY [W
(S)], SSEV ## 5.L72 SHR [S (S)], WSEV Z# 5 L7 SHR [S (W)]. 4
BEZNZRIC sEV 23 1 A, 6 #E(5~10 BER)ICh-EENE S LT,
MmAEEEEIR L WKY & SHR &, sEV ##& 5. L7z WKY & O SHR (Z[FRIU
oG bdlz, FBEMICBWOT, MUAZOMBFE(S~7 HERF: ) 200 pl,
8~10 W EFE:F 300 pn) DO HEEL 7= sEVEZZNETNHKEGE L, KT H®
IZ urethane (1.5 g/kg, MWFENF 5 ) (Sigma-Aldrich, St. Louis, MO,
USA)TRBRBE T CHOM TR D22 B2 AT N D lig . 30 < 8 Uk & b B ) 8 Uk
FMEmMH L, DIBIZAEALADOLEELEICEL TEELZ M E L, Tris-
buffered saline (TBS) CHlfk A PEf % . O lse KEIRIL 4%

paraformaldehyde (Wako, Osaka, Japan) CEHE((4 C, 1 BE)L 7=, EEL



72 4% % Pathoprep 568 (Wako)IZW L CHEEFZAMITIZMHEHL 72, i H
15 FY R & R 2l o B E IS B T2

2-5. SBP, LA EAEEHEONE
7 H(4~10 HEs)IZHZVIE 1 [\, B T SBP &LmieT AL
71 73 (Softron, Tokyo, Japan)IZEVMEL[63, 92], IKEM ED [AFE I

7 EENZH0E 1 |47 o 7,

2-6. JEREFHYfRAT

A5 I/ 2 h— A(PR-50, Yamato Kohki, Saitama, Japan)% H
THHLEREIRELALDEMBEOET O (2 XIT 4 pm)Z/ER L2, KER
DY) Y] 1L hematoxylin and eosin e ba o — S U EOMIT O =D T
picrosirius red A Z 7o/, L LEMBKICB T 22T —F7 v BEOMHT
DI=® T, picrosirius red Yefa L azan e EITo7-, YA LMD X
BMEBER T Y Z NV AZ(DP74, Olympus, Tokyo, Japan) & 25 L7262 R
MBE(BX-51, Olympus) CHLEZ -k L. cellSens standard Y7 hY =7
(ver. 1.18, Olympus)ICEVEBZIA LI (KT 70 3 )., BB IX
Image J Y77 =7 (ver. 1.80 112, Rasband, W.S., U.S. National
Institutes of Health, Bethesda, Maryland, USA,
http://imagej.nih.gov/ij/, 1997-2014)IC X VENT L7-[38], K EHR 1 5 B
JBeag—r U Bl E& LU, EO0ELEEMICE T8O Cid. 1 &
YINHTEY 3 OB EE R L,

2-7. 4 H i A oo IHE BE S R E

7w h% urethan (1.5 mg/kg, MEMENE G) TERMREL ., iz L0 %%



B L, EIBFEEBIR EMAMEL, EE2SK 1 mm, REAFK 2 mm DY
VI IRBEARZAER LI, IRAZ EH KEIE[(mM): 136.9 NaCl, 5.4 KCl,
1.5 CaCl,, 1.0 MgCl,, 23.8 NaHCOs3, 5.5 glucose, and 0.001
ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich)]HIZEE L
2o NaCl Z[RIUIRED KCl TEMBTHILICLVEREMESIEE K i (high-
K*; 72.7 mM KCH)ZA/E® L7, INHE R TR T AT 22— —(Nihon
Kohden, Tokyo, Japan)Z H W T%H RMHEIZH EL ., PowerLab ¥ 27 A(AD
instruments, Dunedin, New Zealand)Z H\WT7F —¥ZH&EL 72,
Prostaglandin F24 (PGF24: 100 nM~30 pM) (CAYMAN CHEMICAL,
Ann Arbor, MI, USA), noradrenalin (NA: 1 nM-30 uM) (Sigma-
Aldrich)E£721% 5-hydroxytryptamine (5-HT: 1 nM-30 pM) (Sigma-
Aldrich)Z 2 #5425 2 LIS L0 IUE O 3 BE SO i 8 2 oR 0 72, IUHE 5k )

T RO E & CTHIEL/7(g/mg wet weight) [63, 92],

2.8. Rt HY R AT

F = H T E - HEUEFR 5 [means + standard error of the mean
(SEM)]TRL7z, ZHMOBREICIET, VKL DOH L — Ll E 575 B
(one-way repeated measures ANOVA)ZITWH BEEZDBRBOOLNTZLG AT
Bonferroni {£ICk2 L\ A2 A7z, 2 BEM O E 1L Student D ¢-
test Z MW7z, WECHMBRICBITL2ZHMOBREIIT, BOKLOHD 5T
B & 0 #X 0 BT (two-way repeated measures ANOVA)Z 1T\ A & Z iR
SN2 G IC Bonferroni {KICEDZ B EE W7o, fEBRE(P)DS 5% K i
DELARCAEZEZDV LML,



3-1. M#4E sEV O KL & 75 4h

INETITHEIN TS SEV OEZIZH 50~150 nm THH[61,
88], WKY KO SHR O ifi#f EV (F3L1T 100~150 nm 2 ¥ — 7 &3 DR 4
iz "L, sEV THHAZENHRINT(K 1A, n = 5), £7= WSEV & SsEV
OM TR FREICAERZETIRDONN->72(K 1B, n = 5),

3-2. IM4E sSEV 28 SBP, D AE SR EIC R IT T &

WKY K& O° SHR I WSEV KO SsEV ## 1 [B], 6 [ I2h7=0 g
PERN G Uiz, 10 BHEFRFIZIH VT, W (S)FED SBP 28 W (W) REL kL T
BEEIZEALEZ(X2A, n =6, P <0.05), £7= 7~10 HmEIZB VT, W
(S)BED SBP EHME(ASBP)IT W (W)L EL TAHEICEN>TZ(X 2B,
n=6,P <0.05at7-and 9-week-old, P < 0.01 at 8- and 10-week-
old), S (S)HEL S (WD T SBP ICHEREITRDOLNRN -T2 (K
2A,n =6). 8 WEFIZBWTS (W)BHEDASBP 23S (S)FELHELTHE
AKXy 572 (K 2B, n = 6, P < 0.05), W (W)BEE W (S)BEDE, KT S
(SYFEE S (WO TLMEEAREBEBICHERZTIRDON L >T2 (X 2C,

D, n=6),

3-3. MM AE sEV 23 M R B R o0 AL Rk A 3 1T M1 T R

M4 sEV ICEDMEZEAMOEITFEZHOLNIZT D702, M sEV A
Ha 5 R B R O A AR S R E TR EERFI L, S (S)FEO T REER X W
(WBEL I L CAHBEICHMLZ(K 3A, n =6, P <0.05), L»»"L W (W)#f

EW (SHBEDOM ., LS (SHHEE S (WYBORB CTHIEEEEICH B2 ETRD

10



LALLM oTo(n = 6), WICMHE sEV B KRENRICH T 27— 7 U BEL &
WCARETRELZHRF LI, ZNETO®RE L —HL T[54]. S (S)#E DO KBk
IBT2aT7—FUREEITW (W)HEEBELTAEICKTFLZ(X 3B, n =
6, P<0.01), /= W (Y FEDOREBARICE T 227 —F U BBLEIX W (W)
CHEBLTHEICIK FLZ(n =6, P<0.01), S (WHOKREIRICB TS 2T
—FURBLEIX S (LWL THEICHMLZ(n =6, P <0.05),

3-4. MLHE SEV 23 I &) IR 0 IR 12 &I T 2

4% sEV 254 15 B I E R 12817 5 high-K* (72.7 mM), PGF,,
(100 nM~30 pM), NA (1 nM~30 pM) &% O® 5-HT (1 nM~30 pM)#% % 1%
IAEIC R ETHEBEZRFALL, 2 COHEGHOM T high-K* 7% 8 M o xh i
MICHEBEREZTROLNR N >72(K 4A, n = 6), S (S)BET PGF,, i 8 M
IWHEA W (WHBEL L CHEICH ML (XM 4B, n =6, P < 0.05 at 10
uM, P < 0.01 at 30 uM), £72 S (W)BE T PGFa, A B MEIMEA S (S)REL
L CHBEICHS LZ(n =6, P <0.05 at 10 and 30 pM), W (W)EEL
W (S BEOM THEREZITIRDLN ) >72(n = 6), ETOEERORMT
NA FHEMENAICAEBERZIRDOONR -7 (K 4C, n =6), S (S)FET 5-
HT &8P W (W)L L TH B ICH ML (X 4D, n = 6, P <
0.05 at 3 uM, P < 0.01 at 10 and 30 uM), L22L W (W)BE W (SHEED
B, RS (S)BEL S (W)REOR T 5-HT BE MM ICABERZZRDLN

2o 72(® 4D, n = 6),

3-5. A% sEV 250k 0 5 & &R RS & 12 K IFE TR
S(SHYBICBIAELERLOCELEOEREIT W (W)RLELELTH

B INL7=(Table 1, n =6, P <0.01), W (S)BEIZB T ELE K4

11



DEOBHERREITW (W) HLLERLTAHARICHEMLZ(n =6, P <0.01), S (S)
LS (WIHOB TELERORELEOERBEICAEREIZRDODONRN-T-
(n = 6), WICTHMFHIMATIZEY, MAE sEV 230 i O # ik # & 12 R F T8
BEARFTI LI, S (SYBOLLEITK T HIME JE B OBRMEAIT W (W)L
L CAHBICHELZ(® 5A, n=6, P<0.01), W (SYHOEL=RIZEBITSH
% & P O RHEL T W (WHREE LI L CTHEICTLELZ(n = 6, P <
0.05), £72 S (W)BED 2L E 2RI 2104 J8 A O RRAE I S (S)BEE L
THBEICIKTFLZ(n =6, P<0.05), EL0FEICBITA2MEORMEIIZ. £T
DO GRETBEIND) 572 (K 5B, n = 6),

12



Table 1. Effects of plasma small extracellular vesicles (SEV) on heart

weight in Wistar Kyoto rats (WKY) and spontaneously hypertensive

rats (SHR).

W (W) W (S) S (S) S (W)

Right ventricle (mg/cm) 8.95+0.44 9.37 £ 0.67 9.34+£0.22 9.58 £0.40
Left ventricle (mg/cm) 39.98+1.25 4245+1.02" 50.93+1.12" 51.02+0.65"
Ventricle (mg/cm) 48.92+£1.11 51.52+1.61" 60.26+1.09” 60.61+0.96"
Total heart (mg/cm) 53.58 +1.20 56.40 +1.61  64.01+1.02" 64.42+1.09"

Heart was isolated from WKY and SHR (10-week-o0ld) treated with
plasma sEV weekly for 6 weeks and dissected into right and left
ventricle. Wet weight was measured (n = 6) and normalized to tail
length (mg/cm). W (W): WKY treated with plasma sEV isolated from
WKY. W (S): WKY treated with plasma sEV isolated from SHR.

S (S): SHR treated with plasma sEV isolated from SHR. S (W): SHR

treated with plasma sEV isolated from WKY. ** P < 0.01 vs. W (W).

13
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Fig. 1. Size and concentration of plasma small extracellular vesicles
(sEV) derived from Wistar Kyoto rats (WKY) and spontaneously

hypertensive rats (SHR).

sEV were obtained from plasma in male WKY and SHR (4~9-week-
old) by an ultracentrifugation (UC) method and resuspended in
sterilized phosphate-buffered saline. sEV-size distribution and -total
concentration were measured by a tunable resistive pulse sensing
(TRPS) analyses using a qNANO Gold instrument (n = 5). (A) Bar
graph represents the particle-size (nm) distribution for sEV contained
in 1 ml plasma. (B) Total concentration of SEV contained in 1 ml
plasma was shown. Results were expressed as means + standard error
of the mean (SEM).

WsEV: plasma sEV isolated from WKY. SsEV: plasma sEV isolated

from SHR.
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Fig. 2. Effects of plasma sEV on systolic blood pressure (SBP), heart

rate (HR), and body weight (BW).

HR and SBP in male WKY and SHR (5~10-week-old) treated with

WsEV or SsEV (isolated from 5~10week-old rats, n = 6) were

measured by a tail-cuff system once a week. SEV were
intraperitoneally administrated to WKY and SHR weekly for 6 weeks.
Results were expressed as means £+ SEM. W (W): WKY treated with
WsEV. W (S): WKY treated with SsEV. S (S): SHR treated with SsEV.
S (W): SHR treated with WSEV. A SBP: change in SBP from each SBP
at 4-week-old. b. p. m.: beats per minute.

* P <0.05, ** P <0.01 vs. W (W); # P <0.05 vs. S (S).
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Fig. 3. Effects of plasma sEV on wall thickness and medial collagen

abundance of thoracic aorta in WKY and SHR.

(A) Representative hematoxylin and eosin stained sections (4 um) for
thoracic aorta isolated from WKY and SHR (10-week-old) treated
with plasma sSEV weekly for 6 weeks were shown (n = 6). Medial wall
thickness of aorta was calculated and shown as means £+ SEM (dot
plot graph). (B) Representative picrosirius red stained sections (4
pm) for thoracic aorta from WKY and SHR (10-week-old) treated with
plasma sEV weekly for 6 weeks were shown (n = 6). Collagen was

stained in red. The intensity of red region was calculated as collagen

16



abundance, normalized to perimeter of aorta, and shown as means =+
SEM (dot plot graph). Scale bar: 50 pm.

* P <0.05, ** P <0.00 vs. W (W); # P <0.05 vs. S (S).
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Fig. 4. Effects of plasma sEV on contraction induced by high-K~,
prostaglandin Foo (PGF24), noradrenalin (NA) or 5-hydroxytryptamine

(5-HT) in mesenteric artery from WKY and SHR.

The main branches of superior mesenteric arteries were isolated from
WKY and SHR (10-week-old) treated with plasma sEV weekly for 6
weeks (n = 6). PGF2, (100 nM~30 puM), NA (1 nM~30 uM) or 5-HT (1
nM~30 uM) was cumulatively added. Contraction was normalized to
arterial wet weight (g/mg) and shown as means = SEM.

* P <0.05, ** P <0.01 vs. W (W); # P <0.05vs. S (S).
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Fig. 5. Effects of plasma sEV on perivascular and interstitial fibrosis

in left ventricles from WKY and SHR.

(A) Representative azan stained sections (2 um) for left ventricles
from WKY and SHR (10-week-o0ld) treated with plasma sEV weekly
for 6 weeks were shown (n = 6). Fibrosis region was stained in blue.
The intensity of blue areas in perivascular regions of left ventricles
was calculated, normalized to perimeter of the vasculature, and
shown as means £+ SEM (dot plot graph). (B) Representative
picrosirius red stained sections (2 pm) from WKY and SHR (10-week-

old) treated with sEV weekly for 6 weeks were shown (n = 6).
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Collagen was stained in red. Scale bar: 100 pm.

* P <0.05,** P <0.00 vs. W (W); # P <0.05 vs. S (S).
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N
I
b

B TILmE sEV Aoy b2 mEICKIT T RELZRFTL., U
TR THREREZ72, 1) WSEV & SsEV @ [l THLE 45 A6 & okL 1 12 12213
BN oT=, 2) SSEV HFEIZXY WKY @ SBP WA EIC EHL,
WSEV # 5.12XY SHR (2815 SBP @ EF N omicmilsni, 3)
SSEV & G (2XY WKY (B FHREROaT =7 BEPAFEICHKTL,
WSEV #5280 SHR IZBFHKRERO=T7 =7 BENGEICHE ML,
4) WsEV # 52XV SHR ORI M EEARICIB T D PGFa, i H M
WHE OB AME S, 5) SsEV #51CLY WKY (2B E D=
ODEEN/EMLUEZ, 6) SSEV HI2XV WKY OEL=RICEITSIME

B O MM 2 ML, WSsEV & 5(12XY SHR O EL=EICEB T2 M

i

i

JE P OBAEPIE T L, LA EORKRE2S, WKY KT SHR O [ 4
SEV I EAHEL, DM EROMELHEBBES CEE2EY LTS L
DA THLNER ST,

sEV OHBEIZIZ,. UC I, BEARELE, YA XHRIm
~ KT T T =Tl  FaxFEMH LR A[22, 37, 99, 101], ik
SEV OFEIX 1.0 x 108~1.0 x 10'2 particles/ml &8 EICLD T
LBOENHDH[8, 11, 56, 95], KWHFJE1X UC ik THEELZZMmIE sEV
DPEFEIX 8.0~10.0 x 10° particles/ml THDHZLE/RLE (K
1B), sEV O & IZZ O WK EWHE ., A KoK B, HAE kI
FORLDZN, KFREMOPE T sEV IREICHLL R ETRD LR
o,

INETORE TIH.SEV O Z L RI7E EE A2 TAEKIS
BEHELTWAELEDNL W9, 64, 105], L22L UC ¥ CHEEL /7~ 1 4F
sEV IZFmEF L2 NITEBREANTLH[50], DKM Tixm
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HEm)ZEMELLTSEV 2& 5L, BEMICE. 1 Rico&Rm
WEOK 1/20 »OHEL sSEV 2&E 5L, S-EBENESLE
sEV TMiiZz ML TEL DR ICHMT 2LV REDDH D20 KA
7TCIL sEV ZEHEANK G5 L83, 98], L2rLAEIFHELEZ sEV &
Mo sEV BB LTHSTERWAREMERDDL, TD7D 45 %
. XVEIBED sEV A2 ETLH5Z2LT, MECX T 2R EKFHZR
SEV OEHDNBOONL20ZHRTLILEND D,

WM EFEICBWTKEBARTIZFZT T OEALEMMBEZ
%5012, 711, —J5 SHR O K#fRiIcEB W Cixay— 7w H BN T
LHILNRMESNTEI[54]. KM RICBVWTHLRAKROMERBGELNI
(K 3B), SHR O K#jfRicH T 527 — 7 3B & &+t o B fRIT A A
TN .SEV DE#EaT—F U Bl EB L RIEILEAREELBZZILND
[55, 64],

AKHFFEIL SHR O fi H G R E IR IZ 155 PGFao o 5 M X
ME DA WsEV & EIZKVHBE T 52260 ICLZ (X 4B),
WSEV % high-K*#F 8 MM Ol o 7 = = X Mgk 8 M MG I I3 2%
RIEERhol2Z 06, WSEV 28 PGFay AR (FPR)EZ D F ity
TFINERET D0 TICERTL2ZERRBIND, sEV X miR X
YRIBEREOEWELNL THBEANZ Y N ZE O3B EIEMEE R E S5
ZEMBH[59, 76, 78] WSEV [ SMC I8 W T PGF,./FPR ¥ 7 F
NERMH T 20 FEEDAREENZSZOND,

SHR O L Tl E EBEEMEORMEALIRBDOLND[13,
21, 102], AHFFRICEB VW TH SHR O £ DFE B W T E & P T8k
fEATLEL T, LarL, ME TIERMELELIRBOONL R o7 (K 5A,
B), ZOHHBEELT, AMELLURMOMBE CRERICEALEZT YO HE
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BN ESIZEN B XOND, EIfLEE TIX transforming growth
factor-p (TGF-B)X> monocyte chemotactic protein-1 &\-o 7z
Y ARNTALDOPEANTLEL ., T LD O IEIZ I T 58 HE2E M g o B 5E
ERRHEAL N D[40, 51], 2DZED WKY & SHR ICHBWT sEV
OFREGEICE2MEDOZEANREFMIDOBREBLHE T52L2 LT,
ELEICBTLIMLEEHBEOBMALICEELRIFLEAMREENZ ZDLN
%o — . e oD E AT B IR Bk sEV X I BT A & R & LR HE AL & O
55752 THEMBFHEREEET VIO LARELRET HI LN
HENTWD[1]. LI >T WSEV KO8 SSEV 280 il & ## M1t %2 &
BRI HE T2 RELZEZIOND,

AWIETIHMAE sEV DLIMERICHEELZRITT LN
MICLTeN, ZOJRREERDIMEE SEV ICEEND 0 FIETH LML 72 h
ofc, it . R =Ty 7 HifFzHvwT, SHR O ML sEV (2
BITD miR OMERN R N7 7[48], TDOR R, TGF-p £
¥ mitogen-activated protein kinase (MAPK)R K2k + 2%
FORBEME THLTMELMBEMICHE TS miR OFENTE
SN, £72 SHR OIMAE sEV IZHB W T miR-206 % Bl 23 B & 2 A
LTW7z, miR-206 (ZEMEGHF 7y b0 Mg P2 v TH I B8 B
HDULI103], MiE Ik SMC O E LM AEEZME T2/ M EINT
W5AH[35], —HF . ARBHEEMEEICEE TS sEVICEENLX L NT
BEOMBEORMBHITRIEITDIL T2 D,

Fiame LT, AETIE WsEV KON SsEV 242 & ifL JE % i 1
LIhiICmEELIRICB T OMERN L OEENELPEIZLE2HD T

HOMNICL7Z[68] LOALZDFEMARKEFEIZIHONICLARN T,
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[11. % % K@ 7y Mg sEV HEE FEOER

1. 3

— BT sEV BRIy b2 F M EEZHI#H 552 2R 0720, £
DOEFITHALNICL o7z, M sEV IZE F D5 1 D3 BLO M HE %2 58
ICREM 92 2100, FVIEEMEN &\ sEV HEE FIEOBRBRLETHD
EEZLNT, sSEV OHBELIELL T E—EHTHWE UC EDIENIC, BE
AELEODVE VARPER v~ 774 =T 74 =T 4 — R 8RN — K
WCHWHERTWAD[22, 37, 99, 101], L22LINE D 7 TIiL -+ 45 7l fE LY
BERBLNRNED | EVa— VRITFTANA LD A XPERIn~ T T7 4
— (471X~ AT GAR T N A AN LD EEEREEE[45, 100]72 8 DF 7272 sEV
HEE G ENTER I TS, £V polyethylene-glycol (PEG)%
WL B IE A e RS ML B ok sEV K VL E sEV O Bk AH I TR {ECH
HIEMHESNTWA[TT], £ZTH _ETIL, EH Wistar 7y MLL#E sEV
DO HEEIZ PEG Z W2 FIEDRISHATRE THLI N OB R Z1To72, &6
W2, BERNMAE SEV OMEICHEFEENZELZRIETTIENTRBINTNDHRED

[36]. Wistar 7 ML sEV ICRIFTTHEEEOEEL T THREFLE,
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2. MEH RO Ik

2-1. B FE B

BYOEEEROBWITIERRFZEY ERMGHEER S ORKBE KR
5 18-010, 19-023) kR KRFEMEREZESVBRELLETANTIA %
BSFLCITo 70, FEBRICIE, MEME Wistar 7Y (5~10 ###) (CLEA Japan)%
EAL, ZyMIARFE 5 545 2 Mo/ @ E EICH VT, E Ik
(CE-2, CLEA Japan)Z# i L H MK /K CHIE L7, Urethan (1.5 mg/kg,
fEEN ¢ 5) (Sigma-Aldrich)EME T T, 20G #(JMS, Hiroshima,
Japan)Z 32 UL EE[E #K D heparin (1000 U/ml) (AY Pharmaceuticals),
EDTA (100 mg/ml) (Sigma-Aldrich)£72(% acid citrate dextrose
buffer (ACD; 0.23 mg/ml tri-sodium citrate dihydrate, 0.14 mg/ml
citric acid, 0.2 mg/ml glucose) THHMEZ=T—7 427 L7 5 ml Vv
(IMS)ZHWTH KFEFIRP DMK Z I L 72, L 72 MK & heparin (Hx #&

1 U/ml), EDTA (&#A&EE 1 mg/m)E/-1X ACD (KKIEE 13%)%

BRMLIE#E, ~A 70y ElE O B (model 3740, Kubota) Tix O 77 B
(1000 x g, ZiR, 10 min)L M2 Sy BEL 72, i 8130 R %2 38 TROE I B

L. FEHETHRF(-80 C)LTz,

2-2. sEV ® H.#f

SEV HEE HIEOME XIS RLEZ(K 6), MEEEfEE 37 C, 5
min) L. A 2= O BE(10000 x g, 4 °C, 10 min)lZ &Y large EV % ik
BexHTo, ZOWLRENE large EV ELTCUZAX T ay T 4 T IZXDEATIC
R L7z, BiE&E 3 %L, 2 UC ¥E, PEG ICXD D% IC
(PEG-UC {£) 7213 PEG I XD D H(PEG IL)D 3 D HiLIZX5D
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sEV OBEEICH W2, UC EIFL FIZRT @I T, £7 . BiEE SW
55Ti A7 a—X—%# L7 Optima XL-80 K 5= .0 5 BfE
(Beckman Coulter)Z W T L4 (41600 rpm = 164071 x g, 4 C,
35 min)L7c, WX Z PR PBS ICW L, HMERBELDBLZIT>72(41600
rpm = 164071 x g, 4 C, 35 min), ZOLELIEE PBS IZEEBL., UL TOD
FBRIZH W, PEG-UC #£& PEG HEBIZURIOWMEELZ S HEICLT=[77]. PEG-
UC £ TliX, large EV 2R E L7 EWEIZ 16% w/v PEG (47 & 6000,
Wako)& 1 M NaCl #% & PEG Wiz S & M4 CEEIRFfI(4 C, —BE)L
7oo w5y BE(2500 x g, 4 °C, 15 min)L., BiEEZRELL, LB ZHE
PBS T LE®E (=i, 30 min)L ., B L7 BE(41600 rpm = 164071 x
g, 4 C, 35 min)L7z, (L ZHE PBS ICBEL ., L FTOERIZH W,
PEG J£ Tl&. large EV R EL 7 B IC PEG Wik %4 % &0 2 THAE R i
(4 °C, —Wo)L7=, mDL4rBE(2500 x g, 4 C, 15 min)L., EiEA2BRELZ,
WA P PBS CHMILIEHE (IR, 30 min)L, YL FOEBRIZH W,

2-3. sEV OkLJE 4y Ai

sEV DR E 43 AilL. QNANO Gold (IZON Science)Z VT TRPS
FIZXVHEL, ARy T % 46.0~47.0 mm 2R E L7 NP150 & /KT %
qNANO Gold ([Z¥#E L=, T /AT ~D sEV O EEMHI 572012,
TRPS Reagent Kit (IZON science) CH /R T 2a—T 47 Lk, & — &

ICHEC VBV ORI ESAMZMTE LR ESMEBELZIERLIZ(X TA, 8A),

2-4. i/ o> BB
Urethan (1.5 mg/kg, MEMENEE) (Sigma-Aldrich)ZEMEE K T,

BRERPOMPEAERIL 72, MEOIUCIL 206G #2235 L heparin
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(1000 U/ml) THEZa—T 47 L7z 5 ml YU TV% Wiz, Ik & E %
EFTL-0C, BBRLEMEE ACD (REBE 13%)2REMLE, Z8&0
Tyrode #[0.044 mg/ml NaH,PO4, 8 mg/ml NaCl, 0.2 mg/ml KCI,
2.52 mg/ml 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 1
mg/ml NaHCO3;, 0.20 mg/ml MgCl,*6H,0, 1 mg/ml glucose] &t~y 7
A TIZRVIRFAILTI- %, ~ A7 v in Jlix Dy BERE T Do BE(200 x g, =i,
10 min)L7z, EyEAENL ., =040 BE(800 x g, iR, 10 min)L7z, ZDik

A /NMNMRELTYZRZ T ay T 4 I KD MATITE A L T,

2-5. XN U 5 BLR AT

M4% sEV, large EV | M4 & Vil /MR 225 radio-
immunoprecipitation assay (RIPA) buffer [20 mM Tris-HCI (pH7.5),
150 mM NaCl, 10 mM MgCl,, 1% Triton-X, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate, 1% protease inhibitor
mixture, and 1% phosphatase inhibitor mixture (Nacalai Tesque,
Kyoto, Japan)]Z HH W TH o "7 EZMH L4 C, 10 min), 7L
DXL E R EIL bicinchoninic acid (BCA) assay (Pierce,
Rockford, IL, USA)ICKVEELI, FEDHF L /NIHE(3.5~10 pg)% SDS-
PAGE T/ BEL7-(7.5~14%, 80~120V, 1.5 h)t#4. =hetk/to— XE(Pall
Corporation, Ann Arbor, MI, USA)IZHEE L7 (400 mh, 1.5 h), F&®D
BRI EPRBEINTWONZEHERT D02, B5 K% 0.1% Ponceau-
S/5% MR CHf (=EE. 5 min)L., 1%EBE(=EIE. 5 min) T 3 HPEELZ,
By 1% . ATTO light capture system (ATTO, Tokyo, Japan)% H\TH
Y FCTHR¥E LA, CS analyzer 3.0 software (ATTO)Z W THKL —|C

BUA2ETONRVROBEZHTEL, ALV IEELLE, BEREEZ 0.5%A
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FLIVI(Wako)T7 ryF U7 (El, 1 h)L7e#, —KHLIE[0.1% Tween
20 ZIR ML 7 Tris-buffered saline (TBS-T)T 500 &AMz XIH-SH 7
(4 C, —HW), BEMRICHA L —RHUIAKIT HRP 125 R HTIL(TBS-T T
10000 %A, =i .1 h): EZ-ECL system (Biological Industries,
Kibbutz Beit-Hesmek, Israel)Z W TR b L7z, RIfREL 72N R
CS analyzer 3.0 software ZHH W TCEE ML=, L NICRTHikEZDy =
AR Tay T 4TI W, BT CD81 (EXOAB-CD81A-1)& (X CD63 ¥
FXH AR (EXOAB-CD63A-1, System Biosciences, Palo Alto, CA,
USA), it CD9 ~ 7 A5 K (#60232, Proteintech, Rosemont, IL, USA),
Pt a-actinin-4 (sc-393495), albumin (sc-271605), integrin allb (sc-
21773) e O GPVI =7 AH 1K (sc-390410, Santa Cruz Biotech, Santa
Cruz, CA, USA), HRP E#H IV V¥ 1gG ¥ ~ K HIIK(EXOAB-HRP,
System Biosciences) & O" HRP ik i~V X 1gG V¥ “RHFIA(NAI3L,

GE HealthCare, Chicago, IL, USA),

2-6. FE-TBEMEE 5
PEG-UC {EICKVHEEL 721 E sEV % 2% paraformaldehyde

(Wako) CHEHEL(4 C, 30 min), EEL7 sEV B AK{LL/7 Cu 7 VYR
I~ L2 (EIR, 5 min), 207 sEV ZAM T WE->TEREL, 7 Uy
RZREKTHELZQ B, EE, 5 min), Vo F L T AT UVBIERE 7 VR
W~ MLEELIE(EIR, 3 min), ROBIE T AT VBB R EAKT
WS> TERREL, 7y REZERICHBIE T (ER), MEEEEZ 80 kV IZ
HEL-HEIBEFHEME(HT-7650, Hitachi High-Technologies, Tokyo,

Japan)Z W T sEV OBIERLRE 21T 7=,
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2-7. WY AR T

F—H I S YR E(SEM) TR L, Z2REMOBE IS,
Mann-Whitney @ U EZHWTHEEZPFE O LN A IZ Kruskal-
Wallis {EICL A2 EILEZH W, 2 BB OB EIZIX Mann-Whitney @ U

BRIz, fEBRB(PYN 5% KM DOEAICHEEZLY EHWLIZ,
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Collect plasma samples

Treatment with anticoagulant

and centrifugation
(1000 x g, room temperature, 10 min)

Centrifugation
(10000 x g, 4 °C, 10 min)

Transfer the supernatant
to a new tube

¥

Ultracentrifugation
(164071 x g, 4 °C, 35 min)

Discard the supernatant and
resuspend the pellet in PBS

Ultracentrifugation
(164071 x g, 4 °C, 35 min)

iL Discard the supernatant and

resuspend the pellet in PBS

sEV sample

(UC method)

Add equal volume of
polyethylene-glycol
solution

Mix by inverting (4 °C, overnight) and
centrifugation (2500 x g, 4 °C, 15 min)

Discard the supernatant and
resuspend the pellet in PBS

s

Ultracentrifugation
(164071 x g, 4 °C, 35 min)

sEV sample
Discard the supernatant and
resuspend the pellet in PBS

(PEG method)

sEV sample

(PEG-UC method)

Fig. 6. Scheme of isolation procedures for sEV from rat plasma.

Blood samples were obtained from male Wistar rats (7~9-week-o0ld)

via an inferior vena cava under a deep anesthetization with urethane

(1.5 g/kg, i. p.). Ethylenediaminetetraacetic acid (EDTA, 1 mg/ml)-

anticoagulated blood samples were separated into plasma by

centrifugation (1000 x g, room temperature, 10 min). The plasma

sample derived from one Wistar rat was divided equally into three

isolation method groups including the UC method, precipitation

with polyethylene-glycol and ultracentrifugation (PEG-UC) method,

or precipitation with polyethylene-glycol (PEG) method after
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depletion of large EV by centrifugation (10000 x g, 4 "C, 10 min).

PBS: phosphate-buffered saline.
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-1 3 FEEO FIETHBEL/Z M SEV ORLE 4 A
3HEBEDOFIETHBELZ EV ORLE S MA L, WTFio Tk
BWTH, HEEL7Z EV IZES 100~150 nm 28— 27 & TR ENMERL,
SEV THLHZENMERINTZ(K TA, n = 4), bL TR E X PEG 5 CTHbE
. UCETHRLBEN-72(K 7B, n =4, 543 = 1.12 x 10'°
particles/ml in PEG > 1.63 = 0.34 x 10!° particles/ml in PEG-UC
>>4.17 £ 1.12 x 10® particles/ml in UC), K. D KX fE L. PEG-
UCIHETUCTELEERBL CARBIC/INED572(K 7C, n = 4, 118.8 = 4.8
nm in PEG-UC, P < 0.05 vs. 150.8 = 5.5 nm in UC), fx 8k £ (&
LE DL VKL OEE)IT, UC EK O PEG-UC 5T PEG EE L THE
W/AhEro7(K 7D, n =4, 101.0 = 0.9 nm in UC or 96.5 = 1.6 nm
in PEG-UC, P < 0.05 vs. 110.0 = 0.8 nm in PEG), E£2 150 nm LA
TOR FIREDOE AL, PEG-UC KX OV PEG 5T UC IEEHEBLTHEIC
mro7-(X 7TE, n = 4, 89.3 £ 3.6% in PEG-UC or 86.0 = 2.3% in

PEG, P < 0.05 vs. 65.8% = 3.0% in UC),

3-2. 3 MO FIETHBELZME SEV O XV E R~ — D —F L RIE
% Bl

WIT, HWEEL7Z sEV ICB T L2Z U NIV ERBLALMHT LT, IIE sEV O
2R E BEIX, PEG-UC (T PEG iELKLTHEIZH (X 8A, n =
4,0.28 = 0.04 mg/ml in PEG-UC, P < 0.01 vs. 6.02 £ 0.52 mg/ml
in PEG), UC i TIX BCA IBICLDMHERALU T ThHoTo, Z N ITHEET
MELZMmYE sEV OB 7 E X, PEG-UC {5 T PEG IEE L THEICH
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MmoTlo(¥ 8B, n =4, 5.88 = 2.42 x 10'° particles/mg in PEG-UC, P
<0.05vs. 0.91 = 0.37 x 10'° particles/mg in PEG), sEV v — 7 —®
CDS81 [89] (FHEND Y F EIL~26 kDa)X X7 E . PEG-UC #i2k-
THAEEL7 sEV CPEGEEHKLTAHAEICEHBIHL TV (X 8C, n = 4,
P <0.05), 7=, THEIND CD81 D4y B IV KREWALE (~30 kDa)llh
NURBRHBHERTZ, SEV~—H—® CD9 [89]% > X7'EH  PEG-UC %12
Ko THHEEL7 sEV TPEG LR LTHARICEBEL TW/ (X 8D, n =
4, P <0.05), LML sEV ¥—F—® CD63 [89] (~40~60 kDa)X > /\J&
DI BLEIL, PEG-UC JEICK> THBEEL/Z sEV T PEG IELHELTHEIC
Khro72(X 8E, n =4, P <0.05), £z, THIND CD63 D4y &IV /N
SWALE(~30 kDa)IZb N RSz, Large EV ¥~ — 7 — O a-
actinin-4 14 albumin ¥ /N7 BBl &E (L, PEG-UC {EICL-> THHEEL
72 sEV T PEG {£EEHL THEICIEN -7 (a-actinin-4: 8F, n = 4,

P <0.05; albumin: 8G, n =4, P <0.05),

3-3. PLeElE RN M E sEV O KL E /5 A2 K IF T
3FEEOPUEEHE K COABL M ENS PEG-UC IEICKY HEEL 7=
sEV ORLE Szt Liz, EOPiEEEE T, BHEEL7Z sEV [T E££
100~150 nm 28— 27 & TR E S MEZRLIZ(K 9A, n = 4), £/, &2TOD
PUEEE S O [ CRL 7R E | SES R 18 B BRL TR K OVE DY 150 nm LA

TORFOHEBICAEREZTIRDLNRP>T2(K 9B-E, n = 4),

3-4. PLEEBEENMEE sEV OX U NI EEE~— D — X RN I7ERBEICRIT

'
i

<
I

3

R

ACD T L7~ sSEV DXL 7B &1X. EDTA MAEL e LT
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BEICEM>7Z(K 10A, n =4, 0.42 £ 0.03 mg/ml in ACD, P < 0.05
vs. 0.29 *= 0.02 mg/ml in EDTA), 2 COHEFFKOR T, ¥ "V H &
THIEL7ZIMAE sEV OR FIREICAERZTRODONR -7 (M 10B, n
=4), ECOHEBEOR TMIE sEV 215 sEV ~— 4 —(CD81, CD9
KO CD63) 2 "B ORBEIZAEREZTROLNRN>7 (X 10C-E, n
=4, WTFNOFLEBETHBELZIMEE sEV IZB W TH a-actinin-4 X2 /X
JEITIFEAERIL T o7 (K 10F, n = 4), —Ji. ACD Ifii# sEV (2
BiF% albumin # /" 7E DOFBLE X, heparin 2 O EDTA M &g T
BHEAZE» 72X 10G, n =4, 0.55 = 0.19-fold relative to heparin,
P <0.05), FoPrdEFEEN M /K OIEEAICKIETHEBLZRFNLZEZA,
W OPLEEE S THOBELZIMEE SEV ICBWTHIL /IR~ —h —F 2 X0 E

DORBUIHER SN2 o7 (1 11),

3-5. PEG-UC JEIC KV HBEL 72 4 sEV O 7E 1 PR 1 81 81 52

H M ICISBIERICLY ., heparin M4END PEG-UC 35 CHEEL
72 EV X sEV IZRE BB 22k T A XL MBEY 72 % v o THEEZ R T 2L 03 ik
BEINT(K 12),
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Fig. 7. Concentration and size distribution of plasma sEV isolated

by three (UC, PEG-UC or PEG) methods.

sEV were isolated from EDTA (1 mg/ml)-anticoagulated plasma of

male Wistar rats (7~9-week-o0ld) by the three methods as described

in Fig. 6. Concentration and size distribution of SEV were measured

by a TRPS method using a qNANO Gold instrument. (A)

Concentration and size distribution of plasma sEV were shown. The

concentration was normalized to the starting volume of plasma

(particles/ml). (B) Total concentration of plasma sEV was shown

(particles/ml). (C, D) Mean and mode (most frequent) diameters of

plasma sEV were shown. (E) The percentage of particles with a

diameter of smaller than 150 nm in total particles of plasma sEV
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was shown. Results were expressed as means £ SEM in bar graphs (n
= 4).

* P <0.05vs. UC, # P <0.05 vs. PEG.

36



C D E

{~40~60kDa) ’ }04_%3
cpgr (-27k0a)

(~26 kDa) PEG-UC PEG Plasma

PEG-UC PEG Plasma (~30kDa)
A _ = PEG-UC PEG Plasma
© = (=) .
g g *# £ i = g *
©0 10 S ¢ 3.0
s Qw10 co Quw
® - 22 08 Yo 25
= L o0s8 20 S8
c B9 Quw 29 20
o} 02 05 * oo 06 g2
< 5% R 0% 15| a#
8 EE 0.4 gg0.4 EE 10
c o= 22 =
£ W< © 0.2 S c
$ 850 1 2500
5 £2 00 2~ 0.0 22 00
s 8=  PEGUC PEG Plasma u PEG-UC PEG Plasma &< PEG-UC PEG Plasma
° PS Py o
" 6\0 [ ém
“ *» G
i F
B rooKDy [ ] EokDa
(~100 kDa) (~70kDa)
oz PEG-UC PEG Plasma PEG-UC PEG Plasma
9 g 8.0 #
So £ -
ca 7] £
§56.0 s * £
sE Gg g-10
=] =1 c E
5§4.0 .Eu 15 Eg 0.8 *
et Sw - EF
© oo =3
g 820 8% ., =1 2506
2 ! o
S 52 8204 x#
O x cg Ss
F- PEG-UC PEG g " 2302
p
g8 00 g
x PEG-UC PEG Plasma w PEG-UC PEG Plasma

Fig. 8. Total protein concentration and expression of marker
proteins for sEV (CD81, CD9, and CD63), large EV (a-actinin-4), or
plasma (albumin) in sEV isolated by the different methods as

described in Fig. 6.

Total protein was extracted from plasma sEV of male Wistar rats
(7~9-week-o0ld) using radio-immunoprecipitation assay (RIPA)
buffer. (A) The concentration of protein was measured by a
bicinchoninic acid (BCA) assay and normalized to the starting
volume of plasma (mg/ml). (B) The total concentration of plasma
sEV normalized to each protein concentration was shown
(particles/mg). (C-G) Expression of marker proteins in plasma sEV
was determined by Western blotting using an antibody to CDS81,

CD9, CD63, a-actinin-4, or albumin. The arrows indicated the bands
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for CD81 (C) and CD63 (E) that we measured for quantitative
analyses. Data were shown as fold increase relative to the
expression level in sEV isolated by the PEG-UC method (C: CDS81,
D: CD9, E: CD63, F: a-actinin-4) or plasma (G: albumin). Results
were expressed as means =+ SEM in bar graphs (n =4). * P < 0.05

vs. plasma, # P < 0.05 vs. PEG.
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Fig. 9. Effects of anticoagulants on concentration and size

distribution of plasma sEV.

sEV were isolated from heparin (1 U/ml)-, EDTA (1 mg/ml)-, or
acid citrate dextrose buffer (ACD, 13%)-anticoagulated plasma of
Wistar rats (5~10-week-0ld) by the PEG-UC method. Concentration
and size distribution of sEV were measured by a TRPS method using
a qNANO Gold instrument. (A) Concentration and size distribution
of plasma sEV were shown (particles/ml). The concentration was
normalized to the starting volume of plasma. (B) The total
concentration of plasma sEV was shown (particles/ml). (C, D) Mean

and mode (most frequent) diameters of plasma sEV were shown. (E)
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The percentage of particles with a diameter of smaller than 150 nm
in total particles of plasma sEV was shown. Results were expressed

as means + SEM in bar graphs (n = 4).
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Fig. 10. Effects of anticoagulants on total protein concentration and

expression of marker proteins for sEV, large EV, or plasma in sEV.

Total protein was extracted from sEV isolated from heparin (1
U/ml)-, EDTA (1 mg/ml)-, or ACD (13%)-anticoagulated plasma of
Wistar rats (5~10-week-o0ld) by the PEG-UC method using RIPA
buffer. (A) The concentration of protein was measured by a BCA
assay and normalized to the starting volume of plasma (mg/ml). (B)
The total concentration of plasma sEV normalized to each protein
concentration was shown (particles/mg). (C-G) Expression of
marker proteins was determined by Western blotting using an
antibody to CD81, CD9, CD63, a-actinin-4, or albumin. The arrows
indicated the bands for CD81 (C) and CD63 (E) that we measured

for quantitative analyses. Data were shown as fold increase relative
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to the expression level in sEV derived from the heparin-
anticoagulated plasma. Results were expressed as means £+ SEM in
bar graphs (n = 4).

* P <0.05 vs. heparin, # P < 0.05 vs. EDTA.
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Fig. 11. Expression of marker proteins for platelet (integrin allb

and GPVI) in sEV from rat plasma.

Total protein was extracted from sEV isolated from heparin (1
U/ml)-, EDTA (1 mg/ml)-, or ACD (13%)-anticoagulated plasma of
normal Wistar rats (5~10-week-o0ld) by the PEG-UC method. The
expression of protein was determined by Western blotting using an
antibody to integrin ollb and GPVI (a platelet marker), or CD63.
Protein extract of Wistar rat platelet was loaded as a positive
control for expression of platelet marker proteins. Representative
images were shown (n = 4). CD63 blot in this figure was from the

same origin as shown in Fig. 10E.
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Fig. 12. Microscopic evaluation of sEV by using a transmission

electronic microscope (TEM).

sEV isolated from heparin (1 U/ml)-anticoagulated plasma of Wistar
rats (6-week-old) by the PEG-UC method were fixed with 2%

paraformaldehyde. The fixed sEV were stained with phosphotungstic
acid on a carbon-coated copper grid and observed by using TEM (80

kV, x 15000). Scale bar: 100 nm.
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4. &

Pl

HETIX PEG ICXDWLBENA Ty ML ENH D sEV HEEIZA A TH
HovE ., HUEEE A M SEV OMEICKIETHELHRHFL, ML FIRT#R
172, 1) PEG CBELDBEEZMH A G D HFIE(PEG-UC {E)28, WL
ME DR TT7y MLIED DO sEV HHEIC il Td o 7o, 2)HUkE B 3 03 M 4
SEVICERIFETEBITIFEAERDLN N1,

CHETO®RE[TTIE—FE LT, PEG I ETHEEL /- M4 sEV DKL 1
BEIZ&EW—5 T, UC ETEmD TR22 72 (X 7B, PEG > PEG-UC >>
UC), ZTOHEHBELT, B LOoBEICEY sEV ORINENE T IT5[30]2 &0
EZOND, SLICEBELODEEICESTSEV BEETIZEL MO TEY
[46]. AKAFIRIZIBWT UC IETHL DO KX sEV NE o7z (¥ 7A, C,
EYDIZZDRDEEBZZbND, —FH ., KM THD large EV O~ — I —T
H% a-actinin-4 LM 4E albumin > X7 E O HEIL, PEG-UC 5T
PEG L L THEICIE o772 (K 8F, G), 2D LMD, HiE LAY BICK
DY NN OBREEMEOE EL VI HICB O TIE RN THDZLENR
IN5H[52, 771,

MROBEOFIZIEARY~ — 1LY sEV ZLBEIE THBET 20 0N
HY . PEG ELRIBRICARI~ — PN BERKDOKEMEZIE FTSELHZLT sEV &
WEESELEVIFREICE SNV TND[T77], LTI NHLO B FIZEB W TH §E
EHRIENRKRMEDEL TIRATLZENRESINTWS[T0, 82], D7z
W EEE LI LA IRBREBM T2 TREMERETESH[52], T
yRMIENSD sEV O BB EZRBLEAMEICEB N THLIOZE(BE LY
BEIC R DA HMED DR L) DN FEFES LI, KRR TR L7 PEG-UC 5D %
MRS ELEBLTaAMOE THEIVERLTWLIEEZLNLD,

ETOHFEEBEEOM TMmIE sEV OKFREICHEREITROLNR
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o7 (M 9B), —J7 EDTA MAENGHEEL 72 sEV R 1R B iX, o hri
BFHEEEKL TEWIERINETICHESINTVS[36], LLZOHET
X, B BAE L7 SEV ORI E LR F R 2R EL TWD, BAEAAIL sEV
DRLE AR BE RITT[19, 531720, RFRICBITHERERL->TW
TbolEZOND, FLETOHREEBEOM TELE 150 nm LT Ok 3K
DEIGICHBEREZZTROLONR N >7-(X 9E), — 5 ACD I #f ® large EV
X heparin MAFFLLEL TEZ NI EN T —F AR AN — (2 LD E THS M
272> TWAH[29, 31, 36], LML, ZINHOME T sEV iFMmEHIN TV
W, RBFSETCIE sEV B AT EEZ: TRPS k2 W T WA=, LV IEfE7e
SEV ORLE A RLTNnDEbDEZ 26N 5,

ACD MAENDHEEL7- SEV OX 2 X7 81X EDTA IfifE& gL T
BEICEP oA, M4 albumin &> /X7 E O % Bl &3 Ml o Bk B 38 & b
LTHEBIZESD 7 (K 10A, G), ZDOZENH, ACD X albumin BL4 o il
WEL L R R BRESED, £7203 sEV I ESEAEMN2RHF O L BN RES
b, ZhEXFFT25L91C, M4 albumin OFEMICZEY sEV L0 WE O
EPMHEIENDLEVOMEDRHLH[101], UL ErD FlEEFEN M sEV &
YRITBEDREGITMENDHE L RIFLTWDLAREERD D,

CD81, CD9 T CD63 # U /NJV'E L sEV v —H—LL T—KMIZ
JESHWSNTWAH[89], AMFEICHB W T, M4 sEV ICHI1F5 CD81 & CD9Y
2RI E O3B &L PEG-UC 5T PEG LEHEL CHEICE N> T2 (X
8C, D), —/.CD63 ¥ "IUEODO¥ Bl &L PEG-UC {£ T PEG {ELh#L
THEICE?» 72 (X 8E), 2O HLL T, SEV ~— 1 — X 7 H D3 Bk
XL, sEV OB KM, EEOFHESCHEE S ikIcksTET 532, 79,
10812 &M EEL TWHEEZEZBND, £/, CD81, CD9 XX CD63 7 sEV

WCHEHINARBIIENEN A s b EINTWVAH[3, 65].
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MameL T, AETIE Iy hLIENDS PEG ICL DL D %, HiEO
BEZATO HIEII KM O D7y sSEV 2@ INE CHEETZ2ZL42 0D THL
ML e, EERBEEEOEEBITIZEALRBO LN RN -72[66], LL LD R
s L ESE O B S TR LI R EDRBET ATy MIBIT LM
SEV OFBIfERICEWTEHBT2b0EEZIbN5,
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1. & 3

I E R OE - RIS X, SMC o il E L BT X D I BE
O A E LA N BHE R AE E R 2T [14, 91]. SHR O It & 4 I #R e
Ml H ok sSEV R B MR EBRE BB E O M sSEV X SMC O iE &

e+ 25 2 LW #ME I TV bH[62,90], Lipopolysaccharide L

E RN

WXy i ENARAN MBS W S Db sEV X SMC @ B G &

i

#F 5 [106], F-MMERNRMHITICTLDL ., WKY & SHR O 1 4
SEVIZCEB T2 miROBEEHBENBERLZ IR EINLTWVD

[48], = Z T TIE., = THLNIZL-MmEE sEVIC X B

B =®ET
MEHMBOMELZFERT H57-DI2, PEG-UC I L » THEL /-
WSsEV & OV SSEV 78 SMC O & & IR M IE T E 2 BT L

7':,
— o
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2. MB KOk

2-1. @ £ B

MYORMEBELBMOVBLNETIEERFTHY ESRMGHEZLZ B S OK
BB OKREZE S 18-016, 19-023, 19-027), LB K@ £ £ 8B &
DHELETA NI AL 285 L TITo 2, FEBRIZITENME WKY,
SHR (Hoshino Laboratory Animals) & OV IE % Wistar 7 v k (CLEA
Japanm)ZfERH L7z, 7y MIFARSEEH S HHE 2O/ NEMEF =EIC
BT, [# B (CE-2, CLEA Japan)Z # i L H I8k Kk T &
7=

2-2. sEV O Hi ff

WKY & 8 SHR (6 i #7 )IZ urethan (1.5 mg/kg) (Sigma-
Aldrich)Z PN & 5 LIEME L 72, 20G #F (JMS) % %&£ 4% L
heparin (1000 U/ml) (AY Pharmaceuticals) TWH 2 =2 — 7 1 » 7 L
ZS5Sml >y UM E HWTH KRFIR?2O MK ZHILL 2, &%
B L7z % & heparin (& \EE 1 UmhHEzRMLEZE, ~A4 7 B
7y A D 5y B % (model 3740, Kubota) T 1 0 4y B (1000 x g, &,
10 min) U Il 4% 2 2y B L 7=, MAE T EHE P CARABICTHME L.
i lE THRAF(-80 CH)L 7=, MmHEZ MK (37 C, 5 min) L, & M I
oL 4y BE (10000 x g, 4 °C, 10 min)lZ X Y large EV # b & & & C
frE L7z, ZO®%ITHE ¥ 2-21C% L. PEG-UCIEIC LY sEV %

BOEE L 72,
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2-3. sEV O ki E 45 A
MO 2-3 U LT . EV ORLE S A B E LK JE S M E A

ER L 7= (X 13A, B),

2-4. Zr TR BLIRMT

5 sEVICE T 2% "7 BB O M ITH -8 2-5 124
C.vxzxFrTnuny 74780 U TFTErTHiHEEZHANT
T o7, 5l CD63 (EXOAB-CD63A-1)} O° CD81 v # ¥ Hi Ik
(EXOAB-CDS81-1, System Biosciences), #i y-actin ¥ 7 A §I {K
(017-24551, Wako), #T albumin ¥ 7 A Hi K (sc-270165, Santa
Cruz), HRP @& Ht v ¥ ¥ 1gG ¥ ¥ — K L K (EXOAB-HRP, System
Biosciences) & " HRP K HL ~ 7 X 1gG &t ¥ ¥ Hi K (NA931, GE

Healthcare),

2-5. 7 > b M ER R B Uk ok SMC o B

IR S S e TiE[41]2 2 &, EW Wistar 7 v b D
B 5 R @R 20 b B R IEIC LV AIREEE T v b RBR SMC (rat
aortic SMC: RASM)#% B Hf L 7=, 7 v bk X urethan (1.5 g/kg, JE 1
W GHERMRE T THRIMIZED ZHEZLLZ, WE T Tl KE K
Z M L7, k% L7 Hank’s Balanced Salt Solution (-) (Wako)
TmEEMOBHMEMEEZEEL., BRI 1~2mm D U » 7 RIZMm
ErzulMrLle, WEREABEZRET D57 OIT. collagenase (3.5
mg/ml)% & &0 M199 £ #i (Wako) " T K J& (37 °C, 15 min) & # 7=,
By T o4 v 7% FJE collagenase (3.5 mg/ml)%& & & M199 K

Hoh TREHE KIS X VAL (37 C,30min), EXy T 4 T
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X E B E., =L S BRI x g, 5min, 4 C)L 7=, Lk
HaBREL. WE TBS T2 MWL 7 trypsin/l mM EDTA & iR
(2.5 g/1) (Nacalai Tesque)lZ b & Z & L & )& (37 C, 30 min) & &
7o, BEXy T 40 70X ARk E B S, trypsin neutralizer
solution (Thermo Fisher Scientific, Waltham, MA, USA) & & fn L
FRISEIED =, =00 BER00xg, 4 C,5min)L, EJHEZEZRE
L7z, LBt L 7=/ Mg % 20%Y & s 2 1f % (Fetal bovine serum:
FBS, Gibco, New York, NY, USA)% & ¢ Dulbecco’s Modified
Eagle’s Medium (DMEM, Wako)H IZ % ¥ L . 35 mm % & dish T
L 7=, LB 10% FBS % & & DMEM H T #il fjd % £ % (37 C,
5% CO,)L, v 7> v FEAICHMNAEZIT - 2, MR 4~10

DM 2 LLF O FERIZHH W,

2-6. # Mk AL RE O Wl E

Boyden chamber assay (2 & W RASM @ iE E/E %2 Il & L 7=
[85,93], AL & LT, AU BZ — &K F— b E(Costar, Cambridge,
MA, USA)% 2% ¥ 7 F » & K (Wako) T2 — 7 4 > 7 (37 C, 30
min) L 72, Upper chamber {2 5.0 x 104 {8l ®» Ml 2 #E & L . WsEV
J Y SSEV (0.1, 0.3, 1.0 x 10® particles/ml) % 7= X & 8 © 3 & PBS

(Cont)Z 48 WAL & L/7c, AU I —Ax— FEZ @@ LIEFEL

ﬂ@

RASM % 100% methanol T & & (£ iR, 15 min) L, K ¥ K T 15
AR L 7-X oY %@k (Nacalai Tesque) TH A (=&, 20 min) L
oo AU B —ARx— MEEZEELR»> 7 RASM % #i # Tk &
L7-%. CCD # A 7 (True Chrome II Plus, TUCSEN, Fujian,

China) % % 35 L 7= fif #H 2 PA M4 85 (CKX31, Olympus) C i £ L 7= #i fa
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S -IRELEZA0FEOMRE T 1YV i oE 3 EPr),
EMBEEZFHA L, Contl T T HHEEHBS 7 7 TmrLTE,

2-7. Al M e o HE

Bromodeoxyuridine (BrdU) incorporation assay kit (Exalpha
Biologicals, Shirley, MA, USA)% H \» T BrdU Ht » iA & % Jll & T
52 &I XY RASM 58 Z# M 5F L 72 [85, 93], 4.0 x 10° f@ & #f
fa Z 96-well 554 7 L — M ICHF L . WSEV, SsEV (0.1, 0.3, 1.0 x
10% particles/ml) & 72 X J # PBS (Cont)% 48 FFfj L& L 7=, BrdU
X sEV £ 721X PBS fF7E F C 36 MM AL@E L 7=, A&E7% . fixing

solution Tl Jld # [ & (£ & . 30 min) L, wash buffer T 3 [A] & i§

o

L7, 1 BrdU v U7 2 iR & K& (ZBIR . 30 min) & ¥ 72 % . HRP

ub

mEk L~ v A 1gG ¥ ¥

-

(2000 f5 A M, =R . 30 min) & K& S
# 7=, Tetra-methyl benzidine (TMB) T % & (2 i . 30 min) & & |
stop solution Z{Efn L TR B EZFEILEIHR, v~ 727 L — 1KV
— X — (Tristar3 LB941, Berthold Technologies, Bad Wildbad,
Germany)% H W T W ) B (450 nm-560 nm @ 2 )% ] & L . Cont |

Ny ERER T 7 THRLIE,

2-8. sSEV ® L v A &

fk O d Ot 4 F @ PKH67 (Sigma-Aldrich) THEE G L 72 WSEV
K OV SSEV # AL i L T, RASM IZ B J % sEV OV A Z & Bt L
72 o WSEV } O8 SSEV & PKH67 (4 pM) & K& (2R, 3 min) S ¥ 7=
#% . 10% 7 > L% albumin (Nacalai Tesque)% & & & # PBS % % &

MATRIEZFELESELZ, RohBGFERERET LD, X7
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27— Z(0.971 M)Z JEIZ A#L7z F = — 7|2 sEV-PKH67 I = A 1L
THEOD D EE41600 rpm = 164071 x g, 4 C, 35 min)L 7=, E &
ZREL., LB LW E PBSICEE L 72, PKH67 £ sEV (1.0 x
10 particles/ml) X | PKH67 IZ ) jiv & ¥ 72 PBS (Cont) % RASM IZ
2 RFfALE L 72, AiEF% . 4% paraformaldehyde (Wako) T [&E &

(4 C, 10 min)L , 4',6-diamidino-2-phenylindole (DAPI) (DAPI,
Dojindo Laboratories, Kumamoto, Japan) T % 4 (£ &, 10 min) L
-, BHMMEHT ¥V X)L A 7 (DP74, Olympus) & % L 7= X F
% $5 (BX-51, Olympus) C#l % - % L . cellSens standard ¥ 7 b
7 = 7 (ver. 1.18, Olympus)IZ KV B % % I L 72, B % I1L Image
J V7 F U = 7 (ver. 1.80 112, National Institutes of Health)(Z X ¥

AT L 7o,

2-9. Kt EF YR AT

T XX E & BEE¥ERESEM)T R L, ZHHEOK
EAWZE, OV RLDOD D — B E DB ST (ANOVAYZ 1T WA B
ZNRO LN A Bonferroni (JBIC L 22 EEmAE H Wiz, 2
BEM © B E 121X Student @ t-test & H W\ 7o, fE bR F (P)M 5% K

DHEIWCHBEED & HB L,
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3. EBRA R

3-1. IfL % SEV @ ki FE 4y Ai

INETICHESINTWVWD sEVOERZRIITH 50~150 nm T
»H 561, 88], PEG-UC LT L v HEEL 727 WKY K& 8 SHR @ I #
EV (X312 100~150nm 2 ¥ — 27 & T 2k E %L, sEVTd
L5 ENTHERENTZ(K 13A,B,n=3), £7 WsSEV & SsEV O [
T, K FRE., VYR FHEKOCERED 150 nm 2L T O K+ R E O

HAEICAHEBEREZFTRBRD LN o> = (X 13C-E, n = 3),

3-2. L4 SEV O~ — D — % v X7 EH B
Wi, HEE L7 sEVICBIT 2% N7 BB 2 BRaL

72o SEV~— 3 —® CD63 [89]% > N7 EH ¥ B X, WSEV & SsEV
oM TENPNRBRD LN > 7 (K 14A, n=3), —JF5 sEV ~ — 7
— @ CD81 # v N7 EH ¥ B &L, SsSEV T WsEV & ik L THE
WK 2> 72 (K 14B, n =3, P <0.05), WSEV & " SsEV [T
T . large EV~ — & — ® y-actin & Ifl % albumin # > /X 7 & 5 8l
B, TN EFNNORYT 47 a2 bua — ¥ v 7L (HBE large
EV }k "I )& 8 L CHEICIK 2 » 7= (¥ 14C, D, n =3, P <

0.01),

3-3. M 4E sEV 28 SMC @ £ & A e Ic L I1F T 2
WSEV Jo (8 SSEV 78 RASM O #l la # fE 1o 0 1IF + B 8 % #h &
L7, WSEV (0.3, 1.0 x 10® particles/ml, 48 h) & 8 SsEV (1.0 x

10% particles/ml, 48 h)fL & | RASM D i & # A B IR E L 7= (X
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15A, n=3,0.3 x 10®% particles/ml WsSEV and 1.0 x 10® particle/ml
SSEV, P < 0.05 vs. Cont; 1.0 x 10® particles/ml WsEV, P < 0.01 vs.
Cont), £ 72 . WsEV (1.0 x 10% particles/ml, 48 h) % U8 SsEV (1.0 x
108 particles/ml, 48 h)ZL & (X RASM O % % A & (e & L 7= (¥
15B, n =6, P <0.01 vs. Cont), WSEV & SsEV &[] T i £ - 5l

RRICZTR D bR o T,

3-4. sSEV ® B v A &

SEVIZF 773 A4 b= R, BV A4 F =T RARERAIC
EOVMBANICRYIAERSZ & THMBRMBEELZME L T 559,
76, 78], £ Z CsEVOM VAL ZRFTT 57D, fkwta
# O PKH67 THEGE L 72 WSEV & SSsEV & RASM I[Z /L& L 7=,
WsEV (1.0 x 10® particles/ml)& SsEV (1.0 x 10® particles/ml) i \»
THOHALE 2EHMBZIC RASMICER Y AE N7 (X 16, n = 3),
WSEV & SSEVOM TV ALZBICHEREZTRD LR N -

7~ .
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Fig. 13. Concentration and size distribution of sEV in plasma of

WKY and SHR.

sEV were isolated from heparin (1 U/ml)-anticoagulated plasma in
male WKY (6-week-old) and SHR (6-week-0ld) by the PEG-UC
method. Concentration and size distribution of the isolated sEV
were measured by a TRPS method using a qNANO Gold instrument.
(A, B) Concentration and size distribution of WSEV (A) and SsEV
(b) were shown. (C) Total concentration of WSsEV and SsEV was
shown (particles/ml). (D) Mean diameter of WSEV and SsEV was
shown. (E) The percentage of particles with a diameter of smaller
than 150 nm in total particles of WsEV and SSEV was shown.

Results were expressed as means + SEM in bar graphs (n = 3).
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Fig. 14. The expression of marker proteins for sEV (CD63 and

CD81), large EV (y-actin), or plasma (albumin) in WSEV and SsEV.

Total protein was extracted from WsEV and SsEV using RIPA buffer.
Expression of marker proteins in plasma sEV was examined by
Western blotting using an antibody to CD63, CD81, y-actin, or
albumin. The large EV isolated from plasma of normal male Wistar
rat (8-week-o0ld) by centrifugation (10000 x g, 10 min, 4 °C) and
the plasma of Wistar rat (8-week-old) were loaded as positive
control. Data were shown as fold increase relative to the expression

level in WsEV (CD63 and CD81), large EV (y-actin), or plasma
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(albumin). Results were expressed as means £ SEM in bar graphs (n
= 3).
* P <0.05 vs. WSEV, ## P < 0.01 vs. Large EV, ¥ P < 0.01 vs.

Plasma.
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Fig. 15. Effects of WSEV and SsEV on migration and proliferation

in vascular smooth muscle cells.

(A) Migration of primary rat aortic smooth muscle cells (RASM)
was determined by a boyden chamber assay. RASM were treated for
48 h with WSsEV, SsEV (0.1, 0.3 or 1.0 x 10% particles/ml), or PBS,
a vehicle (Cont). The migrated RASM which were stained with
Giemsa were observed using a phase-contrast microscope. Data were
shown as fold increase relative to the migrated cell number in Cont.
Results were expressed as means £ SEM (n = 3) in bar graph. Scale
bar: 100 um. * P < 0.05, ** P < 0.01 vs. Cont. (B) Proliferation of
RASM was determined by a bromodeoxyuridine (BrdU)
incorporation assay. RASM were stimulated for 48 h with WsEV,

SSEV (0.1, 0.3 or 1.0 x 10% particles/ml) or PBS (Cont). In the
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presence of SEV or PBS, RASM were treated with BrdU for 36 h.
Incorporation of BrdU was measured by an immunostaining with an
anti-BrdU antibody. Data were shown as fold increase relative to
Cont. Results were expressed as means £ SEM (n = 6) in bar graph.

*x P < 0.01 vs. Cont.
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Fig. 16. Uptake of WsEV and SsEV into cells.

RASM were treated with WSEV or SSEV (1.0 x 1083 particles/ml, 2 h)
which were labeled with PKH67 green fluorescence dye (4 uM). For
negative control (Cont), RASM were treated with vehicle (PBS)
reacted with PKH67 by the same procedure as WSsEV and SsEV.
After the cells were fixed with 4% paraformaldehyde, the nuclei
were stained with 4°, 6-diamidino-2-phenylindole (DAPI), which
were observed by a fluorescence microscopy. The green
fluorescence density (intensity x area) in the cells relative to WsEV
was shown as means £ SEM (n = 3) in bar graph. Green: PKH67;

Blue: DAPI. Scale bar: 100 um.
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¥ —F TIlX. WSEV & Y SSEV 2% SMC O #ll i ¥ 6 (3 & &
WIS K TS ZEL2HBFA L, UTERI®EREZEL. 1)
WsEV & SsEV & O [E] THLE 75 M (I Z LD S e 2y o 72 H3
SSEV IZ BT % CD81 ¥ » X7 & O F Bl &) WSsEV & b L CTIK
™o 72, 2) WSEV & SSEVIZW T 11 d RASM ICHU Y A £ 1T, i
L VEIH & A R E L T2,

AW CHEEL 72 WSEV & SSEV O kL 7 2 £ 1X 1.0~1.5 x
10'° particles/ml T& » 7= (X 13C), WKY & SHR O Ifi 4 sEV & &
TR EFTIlcHRESIN TV AR WA, Sprague-Dawley 7 v b [56,
84, 86], Wistar [8] &% U Fisher 344 [11]F » k @ L4 sEV & ¥ X
1.0 x 108~10"'? particles/ml TH L Z & HEI N T WD, T 0DOZ
Enb . KB D WSEV X N SSEV R TR EEF N E ToOHED
PN THY, WU SEVOHBR TN O LMK T
5, FLINETCOHRE CREMMICLE S L sEV O R E T
1.0 x 105~10° particles/ml T& % [7, 18, 107], A H % T RASM IZ
i L 72 WSEV & Y SsEV @ R £ X 1.0 x 107~10% particles/ml ([X
15,16)TH D2 b, RYRALABRETCHLI EBZ 2005,

sEVOERMBIZIET 7 A /8= (CDY9, CD63, CD81), +
MEEamEEAERSA T 7Y v POk A iy N ER
BB LTEBY, BRI I2MAOBEBEICKL > TSsEVERICEIT 5
BB R N KR SH[61, 88], AMIICEKWT CD81 ¥ /N7 HOD
Bl E X SSEV T WSEV L ki L CHEICEK » » 72 (X 14), Z ®
T L6 SsEV & WSEV THIORMM X T Ml R4 25 2 &R

BINnsd, L sEVEmEOZ N7 HITMBEIZEBIT 2D AR
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H B 5, FEEE. proteinase K T sEV £\ ¥ » X7 & % oy i+

EE FPHENAMBIZRET2MYAZERRD T 52 LR

oF X

S TWDH[26], £729L CD9 K O CD8I1 Lk @& X, sEV &

o

Ik > TR S5 HIV-1 @ b b U > 2% 3 BROJE MK ~ o J& Y
ZIH T H[81], LML WSEV & SsEV @[] T RASM ~® L Y iA
HBEBEIZCENBDO N2> 2 05 (K 16), CD81 X WSEV &
O SSEV O RASMIZB T 2V AARICEEAELRWNWZ &ERRES
n o,

WsEV & SsEV I RASM @ & & 5 2 (£ 8 L 72 (¥ 15),
% 7= Splague-Dawley 7 v b @ 4 sEV & fll fa i & 2 2 9 5
8] M E SN TEY, P sEVIIH KkEIMHEICEDLL T H
falf EREAZMRET 2 2 &N "IN D, £, WSEV & SsEV [
RASM ol ¥z RBEMRELEZ, 0O &6, WSEV &
SSEV ® RASM IZxt T 2/FEMIZWEM &L WS K0 AWML D
ThodretERADLND, —FH. H — % TIL SSEV 2 WKY ® SBP %
EHR &, WSEV2® SHR ® SBP {8 F #2522 H o hiclL
7=, X o T WSsEV & SsEV i, SMC L4 T4 & ifu = o 7 &< B b
Lo Al Rk (PORX R R R L DB, BRSSO ) [10, 57, 73, 80]
~OFERENMLTCmMELHE T L2 LR T"BIND,

fiam & LT, A®ETIE WKY & O SHR 1L 5 sEV 28 SMC I
WM AENEEELHEMBAERET L2 LMD THLNITR -
[67], M #E sEV A AEMEGMEEOHRELZHEH T2 A =X 4%
AT 2D, %I OLRIBMEANPLETH D,
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b E MG EE XSS O B A2 FRERE T DT OB MR
BTHY, DEBROMEYT  BARAEREOABRK 772527, 28, 58, 60],
e, PER . BESATE B E Vo T Bk 2 Je BLIR A & L o E - R 2 B
boLeEND[16, 23, 751, LU, @il ESE DK 90 % 1% 5K A B O A fE 4
m i EE THY WO BFMHA N BFEHLHEENL TS,

sEVIINEE “HBETHRSIL, IEENK 50~150 nm TH D
1.13~1.19 g/ml O3 W/NaTH5[61, 88], WEBiZX > /X7 E | DNA,
mRNA, miR WO ZERAREREN D T2 EZ T sEV T, MR ICERYIAEN
HIETHNETLN FEEXETDIE, MR EoOZFEEEOEEGE ML TH
N> 7 F N ZiG b T 22800 MBMEREED —mEzHEIEE XL T
W56, 20, 78], FER, M ik BEE [44], &M AR BE[69]°H AR E[104]7
EDOEBNRBRERD A IDT | BA[S, 961, PARMBRIEE[1S, 33]0M%E K
BRAB[87] L OFEHIMEICHLE LD, U i@ M ERE T T L ~TAD [
I SEV WNIEH ~UAD A DLEZPERKREEHZE[2]X° angiotensin 11 7% & M
& L ESEE T ATy RO MIE sEV O miR OFBLT 07 7 AL 53 %F BEE L H#
LTEMLTWDZ L6641 MESNTEY, DL EEABIZEB W T SEV A5
DOEEERI-TZENTBINTWD, LL, AEM S MEEICE TS
SEV OFENIZNETIELEAEHALNIZ > TELT | AR TITARBMES M
JEDRIE - RICH sEV B EDRE AL Tle, £ LTI OARE 4 1 fiE 7
D7\ A B IR E O 5 BE R B L YRR K OV VR o B R IS b B BRI
MuwbhT&7 SHR O M4 sEV Bl EAHIH T 2020 F A2 REFLIZ,
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(% — )

SHR ITAZ R A EN EHL 7 BEEmLLFEIZ SBP 25 130 mmHg % i
2LmMEE2ET 5, SHR OME EF OREZRFERS A REME & e
ERFRICKRIEAHTHD[24], FHE—FETII.SHR LEZDOEHE B AHK THD
WKY O i EH I 4 sEV LI ERFT LIz, &P WKY KO

SHR O If#ENS UC EICEL>CTEV ZHELKRESMAERE LA, HiC

E7 3

i

EfE 100~150 nm 28— 2L F 50 MARLclED sEV ThHDHI LD R
EN7(K 1), £72. WSEV & SSsEV DOl Th I IC LB O LR -
720 5~10 D WKY & SHR ICFEBEEOZy L HEEL7Z SEV (WSEV
KO SsEV)Z i 1 [mERERN G (G 6 M )L T SBP Z#lELZ, # k.
SSEV & 512LY WKY @ SBP A EIZEH L, WSsEV 52XV SHR (Z

BIFTDH SBP O EADEHAICHIEI S (K 2A, B), 72 WSEV Z#& 5L
7= SHR O fi R B IR EY IR 1235175 PGFaa i B MEDULAHE A SSsEV O 5L
BB L CTH B I L2 (X 4B), SsEV 2% 5 L7= WKY O H O =/l o
HEELELEDLERAMEOBRMEIS WSEV OB G L L CTHEICLELE
(£ 1,X 5A), —J7. WSsEV 24 5 L7z SHR @ £ 0= M % J& FH O & #E AL 1x
SSEV O H LU THBEICHB L, L EOEENLS, WSEV KT SSEV
T EAH L, OMEROBEBLMEMEEICHELRIETILRPD THL
Mmeiro72[68],

(% =)

B—mCMmE SEV M EEZHIEH T2 EEHLNICLIER, TOBEF LR
HoOEETHD, M SEV ICEHE TN D5 1 O % BLENRE 0 HE RE 2 3 M2 34l 9
D200, FOIEEHME O FGW SEV HEE HFIEORBRLETHLLEE XD
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iz, UCHELUAMNCO T A X PER 7 u~ 7 T 74— 1R sEV ICRF RN Z
NOBEBENETOHRER T 7427 4 —RRIEE VST bk 2 T S
ENHDH[22, 37,99, 1011H8, Vb RI~—0—FfETH5 PEG VT
FHEZe b ML Bk sEV L ONLSE sEV OHEEICHE A CHiETHLZL
NHESNTWVWEH[TT], T2 TH =TI, E% Wistar 7 ML sEV O H
BEWC PEG Z AW FEBIEH CTE0 BN RFTE21To7-, SHIC, B
£ SEV OMHE GEE N BE RIETZENRBINTWVWDH[36]720D

Wistar 7> ML#E sEV I X IEFTHEEE KO ZES 8 THRF L7, UC {4,
PEG-UC 5k TN PEG VED 3 DD HiEZH LT (X 6), fiH. sEV DILHE
X UC {ETHRD TIR<, PEG k&L _T PEG-UC I TIEHEWVWH DD+ 4T
o7 (PEG £>PEG-UC {£>>UC {%: X 7B), sEV Offi X PEG-UC &N
PEG IEEWE R TE DT (F /X7 EH R0 large EV O R MDDV 72 ino72) (X
8B-G), Pr#t[E K iX, heparin, EDTA, ACD ® 3 D% L#& L= H . sEV
DREELIFIZE N TREA2ZZTRBDOON o7 (X 9, 10), BL EDOFE £
5. 7y ENLD sEV OHEEICB W THELINE O 8715 PEG-UC JEM

il ChHI L, PLEEEFITHBLARWVWIENWD THLMNERS72[66],

= I JE FEE « B2 1X . SMC Ol AE L HEE 12 K B i RE O A S AL
NEEREE A R-T[14,91], TZTH ETIEZ, B —=ZCHLICLZM

B SEV ICXDIMIERIE O FZ2ER T 57212, PEG-UC #EIC > CHEBEEL
72 WSEV O SSEV 28 SMC O LALLM KT T B2 M LT-, &

WIZ WSEV KON SSEV OKLE A2 B E L7y, BE LR T RICB W T
TROLNEN>72(K 13), WSEV & SSEV OELLIZEBWTH, sEV v —

=0 CD63 X2 7B IXmFEHL T\, large EV ¥~ — 77— ® y-actin
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R M HE albumin Z 2 X7 E O BT TR -7 (X 14A, C, D), —F
T.SEV~—AU—Th? CD81 #U /X" EIBLEIL SSEV T WSEV LG L
THEIZEWEWI ZRB OO (K 14B), 2D WSEV KT SsEV %

RASM (ZALiE (48 REf)L7cE 2 A 461 B NI HRY GA & 4L C e A& & 14 5l 3
BB S CHEBICTNELED, Z0EHORBREICETRD NN
72(K 15, 16), L EDOFER NS, WSEV RO SsEV X ICABIENEZ A T 5
WL E—ETHONI L2 o EHEAER I SMC O & - ¥ RE 12 X IF

WEITEBE LW LR RBEINTZ[67],

[lﬂﬂ(ﬂﬁ

ABFFEIE. WKY KO SHR O I sEV 25l JE il 1T B 5 2 &% 4]
DTHLMNICLTe, ELZOMTFZFEMICMIT T 2700 ORERT v M jE
sEV HEE L LT PEG-UC IEX R L7, 20 PEG-UC £ THEEL -
WKY K& O SHR O I #E sEV (X312 SMC i A4 - 35 5 % [ B2 UL 7=,
ZOZEnG, M sEV IZL DM EREIZD2ELZEDO SMC X5 i & -
BAERZNLEDLO TR WIERTBENT, LR > TAH %I, M
SEV 23 JE il 4512 B 4o 2 il o> il <0 ek B (ifiL B PN R i o o R A R R
g, BB IC KX T B, WSEV & SSEV ICEENX NV BEE Ly T
DMERRBE T 0T 7 AN TR T DLERDD, ZHLODWFFRICTED ., sSEV
BA—y R B o2 AR LR SE ORI K N2 Wk OB R I BN 5D
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Il. PEG-UC is optimal

l. Plasma sEV regulate WSEV SsEV
systemic blood pressure

seP | SBPI CX‘

Targeting other tissues
is required

Fig. 17. Summary of the results in this thesis.

It has been for the first time determined that plasma sEV regualte
systemic blood pressure in WKY and SHR (I). For the detailed
analyses determining the molecules and fuctions which plasma sEV
target, an optimal isolation method of SEV from rat plasma has been
developed (PEG-UC method) (II). WSEV and SsEV are internalized
and stimulate the migration and proliferation of SMC with a similar
potency, suggesting that WSEV and SsEV might regulate blood
pressure via the actions on other tissues than vascular SMC (III).
Future research includes the effects of SEV on central nervous
system, heart, kidney, and vascular endothelium, which potentially

contribute to control systemic blood pressure.
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