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K45 JE 450 RNA Beta2. 7 i@ _EiH eNOS/NO
18 2% 22 M PN B2 2H e I e

A A

(HERR¥MEEILNER.OCHE BiE 201508)

GEEY B RN R0 N 8 S 4L A 5 B (endothelial nitric oxide synthase,eNOS) ik K& FH
BER A K FEJE 4 S RNA (long non-coding RNA, LncRNA) 73 K HXF A Bl 4 L Dh BE I S i . i K gr i
AN R 30 Bk N Bz 20 i, 48 @ LncRNA-Beta2. 7 i 38 3% JFURL . LincRNA-p21 T4 B ki . LncRNA-ANRIL T 5T
Ki LncRNA-H19 3o & 7K TR 38 30 18 0 15 4k R SC AR e e e . o T e I WO N B2 4 i e L B 3 2k 3
PCR #ll eNOS mRNA 235 /K ¥ , Western blot #:1ll eNOS, p-eNOS 2& 3k 7K 3 , i J5{ 1 £ 35 16 00 40 i 1 K% 55 77 ik
VB NO B8 5 A2 e Y 09 P4 RZ 40 P 38 3 S0 S 46 A0 /N TR A 2 56 30 UE LncRNA X P4 B2 41 Ffl D BE R 52 ) . 45
B 3733k LncRNA-Beta2. 7 L8 4 B 4 il eNOS mRNA 57 [ 93k K F. H p-eNOS/eNOS [ {8 {7 5 A~
A% 5 3 33K LncRNA-Beta2. 7 5, A B 41 NO 43 A3 22, HRIIR i1 & 3 22 DL R 7E I8 18I0 48 3 7 o /9 40 S8 R/
BERKESEETE. MHEA 3 LncRNA B{EAIFAEE. £18  LncRNA-Beta2. 7 72 P4 B2 41 Jitd #r i a2k
P eNOS [ 2235 BTE eNOS/NO {55 38 #1458 1fil 8 P K e .

(XA ML ARG (eNOS); KEEIEHT RNA Beta2. 7 (LncRNA-Beta2. 7); 14 Kz 41 g
[FE4SES] R54 [X##RiIRAE] A doi: 10.3969/j. issn. 1672-8467. 2019. 04. 005

Long non-coding RNA Beta2. 7 effects endothelial function
via regulation of eNOS/NO pathway

YE Nan, GONG Hui, WANG Xin®
(Department of Cardiology ,Jinshan Hospital , Fudan University , Shanghai 201508, China)

[ Abstract] Objective To investigate the LncRNA which regulate the expression and phosphorylation
of endothelial nitric oxide synthase (eNOS) and its effect on endothelial function. = Methods The
primary mouse aortic endothelial cells ( MAECs) were cultured. LncRNA-Beta2. 7 overexpression
plasmid, LincRNA-p21 interference plasmid, LncRNA-ANRIL interference plasmid and LncRNA-H19
overexpression plasmid were constructed and stably transfected into MAECs by lentiviral vector. Real-
time PCR was used to detect the expression of eNOS mRNA, Western Blot was used to detect the
expression of eNOS and p-eNOS protein; NO content in the MAECs and supernatant of the culture
medium was determined by reduction colorimetry; Wound healing assay and tube formation assay was
used to measure the effect of LncRNA on endothelial cell function. Results The expression of eNOS
mRNA, eNOS protein, p-eNOS protein and NO secretion were all significantly increased in MAECs
transfected with LncRNA-Beta2. 7 overexpression plasmid without significant difference in the ratio of

p-eNOS/eNOS. Wound healing rate,junctions number and total tube length were significantly increased
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by LncRNA-Beta2. 7 overexpression in tube formation assay. However, there was no significantly

valuable effect with other three LncRNA transfection. Conclusions LncRNA-Beta2.7 up-regulated
eNOS expression by activating eNOS/NO pathway in endothelial cells and promoted the vascular
endothelial function.
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O I8 5 0 e T 505 L PN g e 2K A R
FEONGEICT A — B, ™ TR R e e R
JENT A N B AR 1 B R R R O I 1
e AR FRAIL R L 5 e L e e A
N A B 110 I 110 AR R e S LA I PR R L
PR AR HES o A P R BB S G R R 22 Rl
W iE Y i, Hop— 48 46 A (nitric oxide, NO) i
7K A TR e N B2 B — % 1k Al & ¥ (endothelial
nitric oxide synthase,eNOS) {4k T & 1% . HLA 47
5K LA PR AP L4 P B BT R BT A S B 1k 1 A8 T S
SEMERIYY . eNOS & — %0 &6 i 1R L b i — b
AL T I AE A B AN T R S e R gk AR W) R T
TEEBEIR AL J5 W 35 1 ok o DA T AR 22F P B2 240 7™ 2 JF
B NO B, eNOS/NO {5538 76 1875 F 48 55 1
N B IRe Ty I Kk ¥ BB AE T eNOS 3 M B AR
FNO Az sl A 0] 5 1R i P 5 S Re R AR,

JE4 S RNA (non-coding RNA,ncRNA) &35
ANem i A R RNA, £ rRNA, tRNA,
snRNA . microRNA 4§ Fh & 51 2 B8 A1 4 21 2 GE 1Y)
RNA AR JE R N 26 58 PR v ] 2 it 1 3 4 i 3k
90% 5 H P AU A R L 2% 1 o i 1S o B A
BT E A neRNA R B89 O & R 78
RNA K-V EVREAT 68 H A= Wy ~w DR, Hob, K&
i 200 DALY neRNA 73 75 K280 $hk o K
#E4E 4% RNA (long non-coding RNA, LncRNA);
EREAE A DNA RNA 88 H 455 72 2 J2 12k
PR ks B Y . LneRNA 732 2 5 LK
10 A= A B AR L 5 A 0 LA Y R A R T
PIAR &2, ) 4 ok, Z2 T RF 5T i B o T
LncRNA 5 .0 il & % 9% & 4 K B Z [\ i B
U RATAGY T I Rl AR N R 5 405 4
KHY LncRNALHESL WLFE 1,

F1 X LncRNAWEYZEGERERFESTY

Tab 1 Biological function and pathological significance of related LncRNA
LncRNA Biological function Pathological significance
ANRILL16] Effects the proliferation and apoptosis via miR-181b/NF-kB in EC Uncertain
Beta2, 70171 Stabilizes Complex I by direct interaction to inhibit EC apoptosis Attenuate 1/R injury

_ [18-19]
HIF1a-ASI1 of VSMC

H1900-21]
LincRNA-p21£22]
MALAT1[23-24]
MIATE25]
Tie-1-AS26)

Regulates the cell cycle and function in EC

Interaction between BRG1 and HIF1a-AS1 effects the proliferation and apoptosis

Promotes the proliferation via let-7a/cyclin D1 and let-7b/ATI1R in VSMC
Enhances p53 activity via direct binding to MDM2 to induce the apoptosis of VSMC

Promotes the proliferation and migration via miR-181b/STAT3 in VSMC

Reduces the connection of ECs via decreasing the transcription of tie-1

Uncertain

Promotes vascular remodeling
Uncertain
Inhibits AS
Promotes AS

Uncertain

EC:Endothelial cells;I/R:Ischemia/reperfusion; VSMC: Vascular smooth muscle cell; AS: Atherosclerosis.

SR > LncRNA 78 ML 9 B2 4l eNOS/NO {55
WP g A HT D A B . A A S B 5 4R
LncRNA-uc001pwg. 1 A LATE 1 A7 2 86 T 241 i 73
LT R 1 9 B 4 i b B A eNOS/NO 5@ 7
STEEL (splicedtranscriptendothelial-enriched IncRNA)

5 LEENE (IncRNA that enhances eNOS expression)
RERS I eNOS iy 38227, Bk A BF 8 45 & Bk
TR I DL Ry HE it o 548 O 50 91E o 1 48 9 0 A K
LncRNA 3 2 eNOS/NO ) 43 T, b 4 J5 U
eNOS/NO Jy # 5 2t — 2 PRFT P70 1L 2R BT
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FEHH DR IEIIKN E 41 (mouse aorta
endothelial cells, MAECs) ) F VT 95 55 [ 4= ¥ Bl £
AR R0 & A B 3% £ (endothelial cell
medium, ECM) I F 3& [E ScienCell /A & ; OptiMEM
B g8 B W T 36 B Gibeo 2 Wl AR W) BE BT
(BD356234 Matrigel) Wy F 3% Corning 7\ 7 ;
Trizol iR | . ¥ # 5% ik | (RrimeScript RT Master
Mix) .PCR &£ # (SYBR Premix Ex Taq) W T H 4
Takara 22 7] s PCR A5 9y dy iR T AW TR IR
Oy A R 2 )AL g I 58 O I 5 eNOS 5 p-eNOS #
TERE PR W T 3£ [ Cell Signaling Technology 2y
Als GAPDH W Z fi & UL e — 4y T % [
Proteintech 723l s RIPA i 40 i 55 21 212t
(NO F I - S3090) & NO il i 55 & W T F i

B REDH ARG R
1BmBERAAE 18 TOR T )

A BR 2w A L 3 58 B 7 L PCR 48 3iF 55 % J32
JE o 12 BEAE N AR EE AT G 4245 25 1 BB (Negative
control, NC). LncRNA-Beta2. 7 11 # ik & ki
( LncRNA-Beta2. 7). LincRNA-p21 - #t & %i
( shLincRNA-p21 ), LncRNA-ANRIL T # i %
(shLncRNA-ANRIL) fil LncRNA-H19 3 22 ik i fi
(LncRNA-H19), Horpr, 25 1 i Ki | LincRNA-p21
PLFORL Y LncRNA-ANRIL 4t BORLH#H A7 4 (050
7 M (green fluorescent protein, GFP) FIIEM & K it
FE[H ; LncRNA-Beta2. 7 i ¢ 35 Ji i il LncRNA-H19
1F F IR FORL AT A IS R BT .

Mtz SRERE MAECs & 5%t
IR 120 N B 40 M A K b 78 500 A0 100 /B R R
iy ECM B 35 B 5 32 T 37 “C 5% CO, 114 41 i 1%
A FE AN Al A IR B 8026 ~90 Yo it 1:3 HF
FTAR A USRS 3~7 R4 ] T i 22588 . HUHR 43 56
3 AR 200 it A 200 0 R AR B 30 06 ~ 40 Y0 I o B R
R A5 TG TR S0 A 455 AR i B BRI 8 1 12 0 i
)T 5 FR R L 48 h JE 4 R 424 h E AR JF
FEREFRIE TP INA 2 ng/mL (¥ G4 85 25 0F 17 40 Jifd 0
T o DATTTT A A o Je 4 11%) 44 R

Wk EE PCR  Trizol ¥ £& B B 4H ff &
RNA I 72 # b e B 5 20 B )5 7 ] RrimeScript RT

Master Mix ([ B [ B f& &R 06 5% 5% & RNA
cDNA, & W &4k 37 °C 15 min,85 C 5 s, 53]
cDNA #2838 47 B 5 (1:3) Wl SYBR Premix
Ex Taq BCjli RCP AR, L. eNOS Li#5|4):5 -
CAGTGTCCAACATGCTGCTGGAAATTG-3", F
sl 9.5 -TAAAGGTCTTCTTCCTGGTGATG-
CC-3";GAPDH Lii#51 %5 -TGAAGGTCGGTG-
TGAACGGATT-3", Pl 514 :5"-CGTGAGTGG-
AGTCATACTGGAACA-3", ¥ &R 55—
Bt:95 °C 30 358 [ Bt:95 C 55,60 C 31 s,3L 40
MEH . eNOS mRNA 1 £ ik K F L GAPDH h
WS ThnEf, DL 2 ~ 22T ST 4 T
Western blot RIPA 2w (& 1 : 100
PMSF . 1:100 PD 4 B4 i S8 B B B m A B
o E A . 15 E) R AR A 2 BCA g v
JEFGHL 10 pg 2 SDS-SR PN s 19k e 5 e v Uk . 70 'V
JEIR4%E % PVDF 58, i J5 i F 500 18 B 48 % = i 3
M2 h, —#7 (eNOS: 1:2 000; p-eNOS: 1: 1 0003
GAPDH:1:5 000) 4 CIFHE 7. —Pr(1:5 000) =
T 45~060 min J5HECE A, HEE M RIE
JKFLL GAPDH i NS #E17hR AL .
BRI NO W AR R . A
60 pl; S3090 24 fif Wik %L i 20 L BT 15 #F &b . B3 24 B
20 pLge 123 B, e R NO A I3 57 & Uk B 45
1) R R TR 5 L ik A I NO fY& f=
RRSEI B 6 fLAR . WSCAE T i ] 5 5 28 48T
Frid. 62 9 B A E 5 G 1) MAECs, BOW 4= K
RS, FRRAL ROT R A M Bl AR . 72 4 R %5 338
1] 80 %6 ~90 Yot . i i 200 L JG TR Sk 75 4% FL I i
W EHHPATMRR., REEsE2h (ER o b,
Z 5N 12 h 7E ) B TS — IR, 2 F S
2 AT AR e T [ A B L JT A R SR .
INER RIS WUBTEKIE RIET . T 96 FLIR
PRSI OptiMEM ]38 36 101 Hi B 1) Ay ik
e (BD MatrigeD) 100 pL,37 CHEHE 30 min, 5
AN R B A B B YL ) MAECs, BUW B0 KR & 1
M. ZILWEARE RN 1 X10° Ay /mL 5 40 i &
W, 100 L 7 56 T 36 50 3% TS 0O 40 i B R 4
BEE . 3 h J57E Olympus BX43 8] & 3206 W 5 T
W&, JF 0 B0 sk . 0 Image ] Angiogenesis
analyzer 8% i 159 BHR 47 50 B, R /NS $0H
(Nb branches) . /N& B & (Tot. length) . 43 3 &
¥ (Nb Junctions) 1 H &AL 545 .
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GITFERE A BERAR X AR AR A ) L LncRNA 3 [ K 40 i eNOS mRNA 3 i% ) % i

xts WIE X FMW, @ GraphPad Prism 5 Fi
Image J B E4T G811 4b B, 22 20 20406 1 4 TA) 22
SR B R R 05 22 03 B, Ho v P 22 [8) ) 22 SR H
tRi g . P<<0.05 AZFRALEITFEE L.

45 2

REHELNRENBAEHAR AT R
F Bk A A AR A R BRI A AR TE
3 W 2 O L A% AR L TR B OO WA T AT
PIWEE B A0l N GEP 3R 3K 58 5 0 B 7% Yo R vl 36
9020 b P PCR BE5 R BoR 54 AL AH
It s LncRNA-Beta2. 7 1 % 35 40 LncRNA-Beta2. 7
(35 B2 T4 5 (P =0.047), LincRNA-p21 Bk 41
LincRNA-p21 ) & ik 8 #F FF AL (P = 0. 032),
LncRNA-ANRIL @i 41 LncRNA-ANRIL [ % ik
B REAL (P = 0. 009), LncRNA-H19 3 3 ik 41
LncRNA-H19 iy &3k B F TH & (P = 0. 029), 22 7
YRASFELE D,

CINC
[] Lentivirus

508 0

LncRNA expression
(Relative to NC)

1
W @

MAECs: Mouse aorta endothelial cells. Stably transfected
MAECs were observed under inverted fluorescence microscope ( X
100). The LncRNA expression levels were determined by RT-PCR.
The results were presented as x + 5. (P vs. NC, P<C0. 05.

1 BEEFMRENKARABREE
LneRNA i3 Rk /BUR L E
Fig 1 Stably transfected MAECs and the LncRNA

overexpression/knockdown efficiency

Pt i PCR MY 25 5L 8%« 575 (410 b, BH M X
M8 4 . LincRNA-p21 FfiK 4 . LncRNA-ANRIL #fik
I eNOS mRNA 1y 4 35 K F T8 W B ok 4%
LncRNA-Beta2. 7 i3 % ik 41 eNOS mRNA 3 ik &
FEIE (P =0.002), 2 5% B4 %% & X
LncRNA-H19 3 ik 4 eNOS mRNA ik T
(P=0.007), Z R A5 E L& 2,

25¢
= 2)
220t
g
S15¢
[}
z
Z 10t
=) )
8 ost
b4
(]
0 9
& T P P &

The mRNA expression levels of eNOS were determined by RT-
PCR. The results were presented as x £ s. vs. blank, ¥ P<C0. 05,
2 P<0. 005.

B2 /NREDFK KA eNOS mRNA KRk Kk F
Fig 2 The mRNA expression of eNOS in MAECs

LncRNA Xt 5 40 ffl eNOS/p-eNOS &F H K i&
BIZ M Western blot £5 R IR . 525 H41M 1L .
X IR 2 L LineRNA-p21 @ {k 41 . LncRNA-ANRIL
AL LneRNA-H19 i RK 41 eNOS & [ 1%
B K JE B I 2 A% L T LncRNA-Beta2. 7 3 5 41
eNOS FEHMEL B ZETEH (P =0.036); 7B, 5
S HEHEAH BHEX 4 LncRNA-Beta2. 7 i ik
ZH .LncRNA-ANRIL fif%4H . LncRNA-H19 & F ik
H 1Y p-eNOS/eNOS F i Jo B B 2k 28 . 1 LincRNA-
p21 BARZL Y p-eNOS/eNOS L ] & % 7+ 5 (P =
0.008) (E 3,

LncRNA XN M A NO @ ER H ik F

GRS AL A N B NO KFE o B 2%
5052 A B . LneRNA-Beta2. 7 #f K4
Rigp e i wmh ey NO KFEN A B EF e (P =
0.019) . ZRHAGITFE L4,

LncRNA-Beta2. 7 3 A T 5 I 5 &K
BENMR M RJR KSR PR AH T X R4,
LncRNA-Beta2. 718 3% ik 4 i MAECs 45 I fif & %
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peNOs [ =5 B B B =] 140
eNOS s st W) Sy s o | 140
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eNOS mRNA expression

A Y3
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G
20¢
(2)
& T
CREE
[70]
&
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The protein expression levels of eNOS and p-eNOS were
determined by Western blot. The results were presented as x * s. vs.
blank, V' P<C0. 05, P<20. 005.

3 INREZNEKAN KM eNOS,p-eNOS B A K FRIEKF
Fig 3 The protein expression of eNOS and p-eNOS in MAECs
4 + O Medium sample
[ Cell lysates
3+ (O}

NO production
(Relative to blank)
=) —

The NO production in cell lysates and NO secretion in medium
sample were determined by reduction colorimetry. The results were
presented as z * s, vs. blank, ¥ P<<0. 05.

4 NREHBKRNEABA NO &8 K NO i 5 ik k T
Fig 4 The NO production and secretion in MAECs

RAIE 12 h fil 24 h #4 BEF 825 (P 520,001 5 /)
B LSE 5 1 45 R B7R  AH T8 B4, LneRNA-
Beta2. 7 i 3k 41 (1) MAECs 7£ 5057 4L 2 ]2 101
JINGE A ST BTG B Bl S (P = 0. 970) , T 76 /NGS5 1 34
KRR S B B R TR (P = 0,009, P =0.020)
(Kl 5,

NC

LncRNA-
Beta2.7

—~NC
SR —~—LncRNA-Beta2.7
Q
]
2
= 05 o)
g ?)
2
2
B 0 N N N

LncRNA-Beta2.7

2571
P o ONC
£ 201 [J LncRNA-Beta2.7
= @]
g %—, st m
[=EN
DE 10} T
S o
)
Z 0.5F
0
> > >
i & %
& & N
O N &o"

The MAECs in Wound healing assay and tube formation assay
were observed under inverted f{luorescence microscope ( X 100).
Quantitative analysis of the time-course wound healing assay were
shown by wound healing rate. Quantitative analysis of tube formation
were performed through junctions number, branches number and
total tube length. The results were presented as x * 5. vs. NC, " P<C
0. 05, P<C0. 005.

5 XREIGA/NER LK

Fig 5 Wound healing assay and tube formation assay
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AW 5T 45 G BEAE & B LA L S a0 328 2 ik
3 FE RE K AH OC 19 LncRNA, 7E 3% 15 0] %8 1
LncRNA 2K 751 )5 . 45 6 18 0% 5 19 /T 470 1)
T AR LocRNA {9 T4 5 i 2k 8k . K BE 4k
AT FER) Tie-1-AS £ K )P 5], MALATI1 4K J7 5
b K TE VR A A TORL S I DR A5 3R AT T8 1k B B X
Bz 4 eNOS F35 M52 . LT sh i kA [ 1) A 2
A Sk T 200 S B A A PN A B R
At iE T EA R MAECs,

M58 B e & B LncRNA-Beta2. 7 g% I
PRz 41 eNOS/NO 553 [ . 38 o 18 995 7 Fo e %
Yu s 4 3 72 35 LnecRNA-Beta2. 7 8 T eNOS
mRNA 5& [ &k, B2 EH eNOS 1) i iR
b, 15 p-eNOS/eNOS Fb fH f# £ A48, i _E
NO 77 &, BRAEAFR R, 8 N & 4K ¥
(vascular endothelial growth factor, VEGF) {4 £
W2 T BEAR T eNOS [ 35 1 B 3 15 2 35 15
S A N R AN I B B L AR 4 Ak I A R AR
Al o Tk — 45 B 9F LncRNA-Beta2. 7 |
eNOS/NO i F§ 76 4 K 240 M b & 45 19 /5 R 3R AT 4l
Fika € 1 35 LncRNA-Beta2. 7 119 N Bz 40 i 3 47
it # L0 AR L1 5N ETE LR, K
11 #3k LncRNA-Beta2. 7 T N 5 40 i X IR &
B R AUNE Y BUK P . £ W] LncRNA-Beta2. 7 fig
% 52 WA DY B A0 B ) 3 B 5 0 A T R T L X 5 )
eNOS/NO {555 38 i i W 5 4 A AF & o i fE R A
Wt A 2 % W LncRNA-Beta2. 7 0] DL E Bh 4
B 240 LG AR R I 7R B — A AR B
T EARBE g A R S A — 3L

BRI Z AN AR B I T #ifik LincRNA-p21 7£

N eNOS mRNA FliE [ R K KCF GO T . fE
% b eNOS 1) W2 1t /K F, ix 5 BE 4 oF 58
LincRNA-p21 & 5 41 f 8 1~ . 400 1l 200 fif 3% 7 11 ¢ 3
MG, HERSSE @k LincRNA-p21
I NO 430K B R BEIEAFE B = G il
. BEAEREFE 48 1 LncRNA-H19 G 4% 42 #F Il &
SV LA 3 A L 5|k i A EE A i AT & B
i #ik LncRNA-H19 BB T 4 N JZ 40 fd N eNOS
) mRNA 7K H7E J5 22 5250 o LncRNA-H19 Jf
B eNOS 2 H 1Y Rk 8RR L DL M2 NO 1y &

o FRATTHEN X T RE A AR AR BHUIRAS B A B AR
RItp U LneRNA {1 £ 3k KX eNOS/NO 1y
FEAER A B . 76 A8 58 o, LncRNA-ANRIL X} 4
2 i eNOS 19 23k NO 1 & 12 S H 40 i 7K 3%
A AR R

22 AR, AL B T LncRNA-Beta2. 7 {F
PRz 40 AT DA B3 eNOS/NO (1) 23k DL K P Rz 20 Jifd
3 B A TR e 1. X $& 7R T LncRNA-
Beta2. 7 ] GE S S 44 7 1M & P9 B < B LE 3l ik o B Al
PRS0 Il B B KA R R AR . A e i — 4
PRGT W o] GAP 9 Bz ) BB I A9« 37 7 o0 I A 95 5 2 A1t
TR R K RN SE IR K BE . B Ah . LncRNA-Beta2. 7
WS BT eNOS (1 3 35 K JL iR Ak i 2, 2 &5
WA AL R S5 T A N T Re R I Y BE
it — 20 5 R T .
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