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HE BN AR (ECs) JLlBE D wEFREGLAMBME/RMATZ, YUWAOTLARIE ECs ERERIX. ANH
RRRBIAENTARMMEAR LM (HMEC-1) miR-126-3p FRIAFNE, FEBE DNA FEMIT miR-126-3p BIE
F. BERRREAEDT HMEC-1 AN AHEMEERATRM TRRIPMER. 7375 1§ HMEC-1 AIRRET
5 NEHBRYEIRES (100/0 mm Hg) T, f#Id Real-time qPCR FIWLFRERE ! DNA UF (BMDS) & miR-126-
3p REB&IF DNA REMWKFE, WE HMEC-1 ) DNA FERBE (DNMT) fIEKREMNKTE, BABZEH
fRfEdhiE (SH-SY5Y) 5 HMEC-1 ERINIMNBR—EES, AREHITRE-BEHERT/HFET (OGDR) 4, B
MTS FIRVABAIGN SH-SYSY MIEUMAT . BEEBREENTN spectrin F1 caspase-3 K¥, FHHHIEIR
5. SR ERENDREE HMEC-1 48+ DNMT RIiES] (P<0.05) , PE{E miR-126-3p BEFX DNA REHIEINE
RIL (P<0.05) . REEREDLERN HMEC-1 JMRRE/LD T OGD/R T SH-SYSY BYR{H (P<0.05) . 45ie fBHE
NAIEEI FE(K DNA BRI NES ECs RIAMERIP D F miR-126-3p, ECs SNUMAFHIKFERT miR-126-3p BJ5E
R RINR IR EARE AR EER T,
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Cyclic pressure enhances the neuroprotective effect of endothelial cells-derived
exosomes by regulating miR-126-3p promoter methylation
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Laboratory of Hypoxic Adaptation Translational Medicine, Xuanwu Hospital, Capital Medical University, Beijing 100053; 4. Translational Medicine Center, The Third People's
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Abstract  Objective Endothelial cells (ECs) can enhance neuronal tolerance to hypoxia and ischemia through secreted
factors; mechanical forces can influence EC gene expression. This study investigated the effect of cyclic pressure on miR -
126-3p expression in human microvascular endothelial cells (HMEC-1) and elucidated the role of DNA methylation in
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regulating miR-126-3p. The protective effect of exosomes derived from cyclic pressure-treated HMEC-1 on neuronal cells
under oxygen-glucose deprivation and reperfusion (OGD/R) conditions was also investigated. Methods HMEC-1 cells were
exposed to five cycles of cyclic pressure (100/0 mmHg). Real-time gPCR and bisulfite-modified DNA sequencing (BMDS)
were used to detect miR-126-3p expression and its promoter DNA methylation levels, respectively. DNA Methyltransferase
(DNMT) activity and global methylation levels were measured in HMEC-1 cells. SH-SY5Y cells were incubated with
exosomes derived from HMEC-1 culture medium and subjected to OGD/R. SH-SY5Y cell viability and apoptosis were
assessed using MTS assay and flow cytometry, respectively. Cell damage was evaluated by detecting spectrin and caspase -3
levels using Western blot. Results Cyclic pressure reduced DNMT activity (P<0.05), decreased miR-126-3p promoter region
DNA methylation, and increased expression of miR-126-3p in HMEC-1 cells (P<0.05). Cyclic pressure-treated HMEC-1-
derived exosomes reduced OGD/R-induced damage in SH-SY5Y cells (P<0.05). Conclusions Cyclic pressure treatment
induced the expression of the neuroprotective molecule miR-126-3p in ECs by reducing DNA methylation. The high level of
miR-126-3p in EC-derived exosomes might be a key factor in reducing in vitro ischemia and hypoxia-induced neuronal cell
damage.
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W B 200 Cendothelial cells, ECs) LS HE B8 Bt A I8 BE (1) ] AN, A g ifin 380 R J) 6] 1) Jog 26 23
Z I E R H B R B B iRt T AR BRI S5H, M ECs 2Bl [ AR 48 AN 1R 1 A=
W SR, IR S S R AT BT R AP, SHIN 2&RIRF 5 R B, ECs REMS K I w152 A 31K F 1) 98
I S7, AT LA 745 St i 7 s A 3 G A T ZER A LA B, ECs MY S 5 I b
Fads, ERI@ S 2 AR RS s S A M Th AR BRAL G R VA YRR A, 4 A FE I B AR A A
AT IR R B 38 B A A P R — o 0 4 B e R T B 3 20— T A R L PRV SR RO R R, A
WigiEY) (3 miRNAs) S RAENENE, HSEHRME. I8 RMNGHEEEE AP, B
(FIAF 72 F tH ECs 2334 ) miRNA 75 4 2 A% S0/ i i 52 o A7 36 24 61,

MiRNA-126-3p /& —Fl' ECs 4 51 miRNA, I\ A 2 4 475 1 87 5 B 1 DA K 7 o ke i 75398 9 i #of
ZARP R EE mIRNA 22—l [HEERMZ, miR-126-3p ik 5 i 5 A 5% (5 B e 28 i LA e IR
HEME: KONTARAKI 2PV B miR-126-3p #iA 5 N K5k M Ik 2 R A7 £ 2 P16k LIV 2500
TF L I e I AR5 1) miR-126-3p RIAHE . MHLEIE WA, Miish 1% 15 R Es PIEZO1
SHURBURBIE iR Ca5 55T KLF2/IKLF4 ZEHUM N sk K1, M E XN PR 5Rs
SEPR 2 I R, I A BB SR DR - L R AT IR Bl L HE miR-126-3p 7E P AR P miRNA F2
PP, PRk, IR 5 R A DG B 1 IR AR A, AT BRI I ML T — S AR SR miR-
126-3p MRIE 5Hi i .

R0 2 AR A SR, R SRR I T S T DA i af i AR miR-126-3p AKF, iZ AR AT LAY
Jnsh 28 40 A 20/ L iR 52 081 AHIE ST B bR R FAE IR R N miR-126-3p A I R A H AL
H1, [E AR T A I ER 7390 miR-126-3p 1 3 52 Sk 1 v 1K S50/ I A 28 AR 4 1 SR

1 MHFIT5E

1.1 4AfE

NGUIE A 4B (HMEC-1) 8 | A [ B2 22 Bb 5 B A A s i f e 22 B (CRL-3243) 5 A& B)
U A (SH-SY5Y) W H 75 M il B AV FH AR A (TCH-C325) .
1.2 FERAFISES

M199 W &z 4= K 1% 77 3£ (11150059 ) . 1640 &% 7% #& (11875119) . a4 1 iE (FBS)
(10099141) . EDGS (S0125) . EGF(PHGO0311L). bFGF(13256-029). AT % (H7482). &4k o] 42
(A16292) . 5% & /8% 2 I (15140163) )6 H 2L B W /R BHE (ED HIRA A HIUNA0 2
RNA #2 B0 S0 B & B 5 A 7 (QPG-061); Ak 7 B9l 7 & (FEBR W /R B8, 4484450)
PrimeScript™ Il 1st Strand cDNA Synthesis Kit (EHEAEMH A (b)) HERAF, 6210A) ; DNA
gt % F2 8 ( DNA methyltransferase, DNMT ) 1 ( 24206-1-AP) . DNMT3A(20954-1-AP) .
DNMT3B(26971-1AP). Caspase-3(19677-1-AP). B -actin #fifk (20536-1-AP) ¥ [ i = & 4= W)+
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REMW AT ; HSP70 (GB15241-100). TSG101 (GB113817-100). CD63 ik (GB12620-100) I H &
WELREDFH AR AT ; CCK8 Rl CGEn RAEMEH AR AR, C0038) ; RIPA @K (3
s REVMFRHE AR AR, P0013B) ; DNA HIEF R B i A MK 77 & (321H Epigentek A7, P-
3139) .

Naturethink ZHffiJE ) R4 E (LR AN BRI AEHRARD ; St E®E PCR 1 (ABI 7900,
EEMNHAEMR G AT 5 EEHBEWKHZERS (£E Bio-Rad Laboratories, Inc., Mini protean) ;
Tanon 4600 4 {3k KM E i R% (LlEREREARARD 3 EHEFEBME (HA JEOL
Ltd., JEM-1400) ; wizl4Hfi{X (2£[H Becton, Dickinson and Company, FACSCalibur) .

1.3 A
1.3.1 EEHHE

@ HMEC-1 40 szih /4. IEWXTIRA (C ) , ALt TR, B ek
(circulating high pressure, CHP) #H, #3252 1& ¥F 15 700 34 .

@ SH-SY5Y 4Hff1sciesr4l: ®HHEZL (Control #4) , 4HM{EsE 4kt aetbh 3, HPER G
E4 (OGDIR 4H) ; OGD/R+X%f AN sA2l (OGD/R+C-Exo 41) , # OGD/R AbF 75 IFE % HMEC-1
KR ANBAR L E ;. OGD/R+1EIFE 1 4h il k20 (OGD/R+CHP-Exo 41) , £ OGD/R 4b¥Hj 5 CHP
AR FR I HMEC-1 SR IE F) A i R L% 5 o
1.3.2 fERENLE. IMNLARIREISEE

CHP 241 HMEC-1 4i i & T M & 1 R, JtmE & &SRR (5 ANFEW, BEH 5 min, &
JI1E 100 mmHg 5 0 mmHg Z [H A ) o AbERZE WSS, 2 Mo B8 ek e o IR R 4k 4R 3 9% 24 h, URAR4H M
IEW . A AN R B A B P H NI, BRI GO AT . AN MRS e B 10 wL A
PRER T M, 2% RR Mg, EHEBEENEELEESS KA RAEA RZHEE (Western
blot) # il 4 is kb5 & 2 (9 HSP70. TSG101 F1 CD63 1) %Kik .

1.3.3 RNAREUNSCRRYEER PCR (RT-gPCR)

il TRIzol ¥£$2H HMEC-1 4i/fsk SH-SY5Y 4l RNA, 5 HRk 54 fE . i s s 568
A& RNA 5% cDNA. LL B -actin NS, il DNMT1. DNMT3A. DNMT3B ] mRNA
FIEKFs LA UG AN Z, Kl miR-126-3p IRIE/K . i SYBR Green y:7E ABI 7900 £4; Lt
1T RT-gPCR Je %, M 4ff: 95 ‘CHiAE?E: 5 min; 95 C 30s, 56 ‘C 30s, 72 C 30s, 340 4N
Ry 72 CREAd 2 mine KA 2 AACT y i B 5 [R R AR 5 R 1K 7K
1.3.4 TERERSELE1H DNA QR (Bisulfite-modified DNA sequencing, BMDS)

i LRI 2H DNA $&HGA ) &1 B HMEC-1 4i g £ K20 DNA. i/l EZ DNA Methylation-Gold™
Kit Xf DNA 37T WHiER S Eh 403 . 1 ] MethPrimer 7628 #44:¥#% 141 % miR-126-3p £ 533 T [X CpG
/519, PCR ¥4 #J5 1) DNA, =¥ fEE pCR2.1 #ifk, #ALBZE40M, $hilE> 10 4
FEPE S 3% g SRR AE W R A BR A = BEAT I T 23 B, TH 5% CpG A £ 1 H 254k bl
1.3.5 DNMT &M REIK DNA BEMW KT

1 A% B A 3 BGA S HMEC-1 ZH M0 32 U R 1 o SR DNA R 25 52 1 g v7fy 2 /400 i s ) 4k 71
B Otk AR IRIE UL B ERVE, KIE DNMT. DNMT1 & DNMT3B HIEEEE . NiFEAhL 4k
DNA H ALK, R B A A iR & 26 FR i) 12 8 DI 2> #r 7% (combined bisulfite restriction analysis,
COBRA) 7r#rEE 741 Alu A1 LINE-1 B H ZEMOIRZS o 58 A4 7 M 51 o0 Mo e & 26 4 38 )5 1) ik R 40
DNA #47 PCR ¥4, PCR =447 H Mbol (HT Alu) F1 Tagl (HT LINE-1) #4THEY], @iT 3%
T i W Bz P 20 8 B, A FH B M R 2R 8 40 M I F T B R K
1.3.6  Western blot

ffH RIPA 2 (& PMSF) #H HMEC-1 4ifii sk, SH-SY5Y 4/l 8851, BCA A& & ik
E. BEEREAMME 10% SDS-PAGE #ERHIK T # 5, % PVDF B, 5%l s F =1 1
h, 475 DNMT1. DNMT3A. DNMT3B. caspase-3. cleaved caspase-3. spectrin M J:[&f@#r=4. B
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-actin & —$1 4 CWHA . TBST /5, SHM HRP ARICM P EEM T 1 h, ECL b2k iRk
FE 5, Tanon 4600 1% RS KEEE, £/ Imaged 1.54p BAE M 461 K AL, LA B -actin NN S
THHEEREO RN REE.
137 MEENDSBTIEN

¥ SH-SYBY 4 LI B % FEH T 96 FLAREL 6 FLAR, Frdufiieefs, 2 mlS 5 AME (C-
Exo) BREH T J14M ik (CHP-Exo) (%) 35 ng/mL) 3L E 24 h. BEJ5, HEA7 0025/ H T
(oxygen-glucose deprivation/reoxygenation, OGD/R) AbRE: HEHONTLHE. LIMiERF7FE, BT =S8
FEFH (94% Nz, 5% COz, 1%02) ¥5F% 6 h IR 2 5 H A IR waiEsds, EIEH K4
(74% N2, 5% COg, 21%0,, 37°C) FH:3% 24 h,

RS k. SR MTS #5. OGD/R &b 5, m&fLIIA 10 uL MTS ¥, 37 CHFE 2h, ff
FHBEARAXAE 450 nm 3 K Ab I 5E % LI RO FE AR

M TR : SR Annexin V-FITC/PI XU#ki%. OGD/R &bHL 5, FIARE EDTA (kMG th Uk g
AL, PBS Weik, iR TR & U BT A, EEAEE LR 4G I, ModFit 3.0
BAE S W an B E T2
14 HmITFEFE

BT S L A E A 3 K. MR LUP M SRR R % (X 3s) Fk. Kl SPSS 18.0 Al
GraphPad Prism 8.0.1 A REAT Geit 0. PHALIA) LU BCR AL AEAS therde, 2 2 18] B BCR IR 3R 0
ZEor AT, LRI ELECR T Tukey #0456 . P<0.05 A% F BA it 8 o

2 #FR

2.1 BRENLRAE miR-126-3p RIAFIEEEGSHFREMNKFE

P S b f5, HMEC-1 400 ) miR-126-3p AHXf RIA R B E FH A4 1.59 +£0.20 CIEH xf i 2H 1%
9 1, P<0.05, 1A) . BMDS &ox, ¥ ESEH miR-126-3p B3 T X DNA H RALKFH
6.3%, TEMETIEFXEAR 16.3% (P<0.05, F 1B) . iR EMW, EIH)E 70 GEE T FEE miR-
126-3p & 3l ALK PR i Rk .

>
w

IEH 0 R ZH
16.3%
C group

TR VR
CHP group

6.3%

P B2 41 A H miR-126-3pf1 R 1k K P CIE# % BRAD
miR-126-3p expression in EC (of C group)

IEH R4l P R UK
Cgroup  CHP group

W A: ECs ' miR-126-3p R ik/KF; B: CpG & H I /AKF. X HMEC-1 41+ miR-126-3p CpG & H 3Lk /K F#E 17 BMDS 4>
Mrs SEMEEAER 10 MRk, GARBARE LA R CpG hr s, 520 B R PRI CpG, 250 51 [l 38 7 o F 24k 1
CpG. HIEHEXTMLMLIL, "P<0.05,

Pl 1 CHP X HMEC-1 4 it miR-126-3p K iA/KF & CpG & H AL 7K 1y 5 1)

Note. A, miR-126-3p expression levels in ECs. B, CpG island methylation levels. BMDS was performed to analyze the methylation status of
the miR-126-3p CpG island in HMEC-1 cells. Ten independent clones are shown for each sample. The schematic represents the CpG island,
with each circle indicating an individual CpG site. Filled circles denote methylated CpG sites, whereas open circles denote unmethylated
CpG sites. Compared with the C group, "P<0.05.

Figure 1 Effects of CHP on miR-126-3p expression and CpG island methylation in HMEC-1 cells
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2.2 {EIREIFE(E DNMT3A #1 DNMT3B RixSiEM

RT-qPCR 5 Western blot &5 WoR, 1% /) 53 (% HMEC-1 4i/fa4 DNMT3A Fil DNMT3B
] mRNA A& [ RZE/KFE (P<0.05) , Mxt DNMTL1 £RZFHNE (K 2A~2E) . EEiE~ I E3E—210F
SZ, fEIIE J141E DNMT e &2 DNMT3B R MG 4 2 2% TR (P<0.05) , DNMT1 5 4 & WA
B (B 2F~2H) o $E7RIE ¥R 70 ] fed il R = A0 f) DNMT3A Fil DNMT3B 520 DNA &ML,
XA 5 S CUR R miR-126-3p/DNMT W55 — 35, MIMTEZ H ¥ 7 7284k 5 4 b ik ph £
RPN — . [EERRE, WS AR 7 @ s DhRE M sL B0 50 UFE DNMT Rl miR-
126-3p i 2 [ 4776 B e R 1S, fEARHFFC v, 1EIFE FI[FI 512 DNMT3A fl DNMT3B ik 5§
PEFRAR LA & miR-126-3p JA 3+ F A AL 7K R B -1 miR-126-3p ik B, A& R Z ¥ f— 8
o FREUE, NG EEWE AP T RIS S8 .

A B & c

Iy £ 3 EHTRAL R R

g9 = D Cgroup  CHP group

R £

£8"

é f > DNMT1 180 kDa
T c = 8

X8 r S $

Fe f] ER c3 DNMTZA 130 kDa

I X 3 %

- , KR &g

< g | / €8, Z Eum

@ 3 @

EE . i SE é E p-actin @43km

s 2 EmsRal HEHR i UR 4L S 8 ERMEA EFEAURA 5 Z  EEXIBA AR RS

E o C group CHP group a C group CHP group é C group CHP group

ES

~E

&8 T

g IEH X 2

R c C group

&g (BN H

%;; CHPgroup ¢ G .

i

=e . "

=t #HE H2 H 2w

52 £2 . e b 2

ze gs 3. g%,

=2 SE . = £E3

o2 z5 sE. =3

i g &2 82 -

E T Q= a

8 - ] 7 i
= TEH U AL 5 e AR 4L (RN MR R AUEAL
; ?NMT RNMTB DNMT3B C group CHP group Cgroup  CHP group C group CHP group
o

#: A~C: XM RT-gPCR K ill mMRNA £i5/KF; D: Western blot #ill & A RIiAKF; E: AR L EENSH; F~H: DNMT.
DNMT1 5 DNMT3B Bgif . 51E% 6 R4 H L, "P<0.05.

2 CHP %} HMEC-1 4ilfiil i DNMT &35 55 & 1 1 2 i
Note. A~C, mRNA expression level was determined by RT-gPCR .D, Protein expression level was detected by Western blot. E,
Densitometric semi-quantification analysis. F~H, Enzymatic activities of total DNMT, DNMT1, and DNMT3B. Compared with the C
group, "P<0.05.

Figure 2 Effects of CHP on DNMT expression and activity in HMEC-1 cells

2.3 EIRENPEREAEREZE DNA BEMNWKFE

COBRA ZEREIR, AL HHEEREF S Alu F R KT B Z KT B 5 RA (P<0.05, A
3A) . EEJPH LINE-1 B R dE R K B2 BT, WK FE 2 T (P<0.05)
(& 3B. 3C) . 45 5FAMEI L /AT BEAK ECSHMEC-1 4H Jifg 3 X 21 % 4K DNA H 34K 7K T
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Marker 1EH OGR4 A6 U 4L
C group CHP grou|

B IEHA R A5 5F R 4L C IERX AL 985 i U A
Marker  Cgroup  CHP group Marker ¢ group  CHP group

KBz

100 kDa
80 kDa

methylatio level
tion with Taql)

frILine-LAARS H BE ALK

Mbol A 515 i) Alutf X &AL K P

Taql #H1)
Line

IEH X BG4

TE 0] HEZH AR A i U 4
Cgroup  CHP group

Cgroup  CHP group

TSP5091 HiF 1 s [ Line-1AH % H 24 /KT
Line-1 relative unmethylatio level
(digestion with TSP5091)

AR TR U
Cgroup  CHP group

7E: A: AluDNA 7 %i+Mbol B D179 s ik B & 2R & 40415 B: LINE-1 DNA 3 51+TSP5091 U] 7= 4 B ik Bl K F L AL 3R 434
C: LINE-1 DNA J7%1+Taql fig V) =4y e ik B & AE H 2k 250 8. 5 IE 0 BZ4LAH LG, "P<0.05.

&l 3 CHP Xt HMEC-1 48 fitl % A FF 5 46 1) 52 1)
Note. A, Gel electrophoresis of Alu DNA fragments digested with Mbol and quantification of methylation levels.B, Gel electrop horesis of
LINE-1 DNA fragments digested with TSP5091 and quantification of methylation levels. C, Gel electrophoresis of LINE-1 DNA fragments
digested with Tagl and quantification of unmethylation levels. Compared with the C group, "P<0.05.

Figure 3 Effects of CHP on global DNA methylation in HMEC-1 cells

2.4 {EIRENREH ECs D EE miR-126-3p BIFMLAK

5 A TN o B A R RSN IAMATE &S, B4R 40~150 nm (& 4A. 4B) . Western blot 5 iiF
Fakhh AR EE H CD63. HSP70 il TSG101 (& 4C) . RT-gPCR Kl 27, &3 Sk 4 /M 1A
' miR-126-3p SR B F & T R4l (P<0.05, K 4D) , KUIEIFIE /115 S ECs 0 W 'E & miR-126-3p
B AR BAAS o

IE X IR ZH AR UL c
C group CHP group

TEH X AL AR U 4L
Cgroup  CHP group
TSG101 48 kDa

HSP70 EB kDa
CD63 "-"“ 35kDa

(of C group)

Wiki Events
Wiki Events

miR-126-3p level in exosome

TR xR R 0 AL
Frmm Fife/nm Cgroup  CHPgroup
Siz;/nm Size/nm

SRR mMiR-126-3plf A K CIEH R4

A ANERMEF B EG; B: SNBERZHT; C: Western blot #3414 7R bR E & 1 HSP70. TSG101 F1 CD63 1K1k
D: 4#hilifk miR-126-3p FIE KM . 5 1EF X A, "P<0.05.
4 G RREAE RSN A T ) miR-126-3p
Note. A, Transmission electron microscopy (TEM) images of exosomes. B, Particle size distribution analysis of exosomes. C, We stern blot

analysis of exosomal marker proteins (HSP70, TSG101, and CD63). D, CHP treatment increased miR-126-3p levels in exosomes derived
from the culture medium of HMEC-1 cells. Compared with the C group, "P<0.05.

Figure 4 Exosome characterization and miR-126-3p levels in exosomes
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25 ERENDINGIEGEFHELHEE OGD/R MifsE

MTS 286 7R, P3RS J1AMBRRE R E IR T OGD/R %4+ F SH-SYS5Y #Hjys /7 (P<0.05, &
5A) . ARG RR, ZAMBART] EEFIE OGD/R S T %, B /EH ST
HAMA (P<0.05) (K 5B) o UEBHTEM T J1 4 s ik B A B8 s i i 2 (R 47 e
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Figure 5 Protective effects of exosomes derived from the conditioned medium of CHP-treated HMEC-1 cells on OGD/R-induced injury in SH-SY5Y
neuronal cells
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