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The role of IncRNA-XR007793 in hypertensively cyclic strain
induced-proliferation of vascular smooth muscle cells
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Abstract; Objective To investigate the effect of pathologically elevated-cyclic strain induced by hypertension on
proliferation of vascular smooth muscle cells ( VSMCs) and the role of long non-coding RNA ( IncRNA) -
XR007793 during this process. Methods Flexcell-4000 tension system was used to apply physiologically (5%
magnitude) and pathologically (15% magnitude) cyclic strain with frequency of 1.25 Hz on VSMCs for 24 h re-
spectively. qRT-PCR was used to detect the expression of XR007793 and 4 co-expressed genes: signal transduc-
er and activator of transcription 2 ( STAT2), cell division cycle associated 8 (CDCA8), proto-oncogene LMO2
and interferon regulatory factor (IRF7). Western blot was used to detect the proliferating cell nuclear antigen
(PCNA) level in VSMCs. RNA inference was used to inhibit XR007793 expression. The cell cycle of VSMCs was
measured by flow cytometry in static condition and the cell proliferation was detected by Brdu-Elisa in cyclic strain
loading condition. Results Compared with 5% cyclic strain, 15% cyclic strain remarkably decreased the
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XR007793 level and increased the proliferation of VSMCs, along with the increasing expression of STAT2 and
CDCA8. XR007793 specific siRNA transfection under static condition decreased the expression of XR007793 and
increased the VSMC proliferation. Under 15% cyclic strain, XR007793 specific siRNA transfection also increased
the VSMC proliferation and the expression of CDCA8 compared with the non-specific siRNA control.
Conclusions Pathologically elevated-cyclic strain decreases the XR007793 expression level and increases the
CDCAS expression level to modulate VSMC proliferation. These results provide new experimental evidence for
the study of mechanobiological mechanism during hypertension and potential targets for hypertension therapy.
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VA% ] LL3E 3 0% Ras/Rac AR5 p38 15540 T,
PRSNGSR VSMCs T8 . Morrow % fff 5t %
BA, Af P 5 R 2238 5 # i) Noteh/ CBF-1/RBP-Jk {5
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o LB BT (1:200) XF VSMCs 314720 i 69 5%
HLEERE B4 ~ T AR BHTESR > 95% By VSMCs T
JRBESS

1.2 FEHESKI T nE

VSMCs H] 0. 125% Jg& B 9 1k J5 1+ 2L, %
2 x 10°/FLH EE BRI T Bio-Flex 6 fLIEFRML 1 ; £ fL
1.5 mL & 10% /N4 135 i DMEM K53 4L 552 d
RrAIMu Rl & 2 70% ~80% W4 i G i DMEM %
Fedk R LI FE 24 h J5 2235 & Flexcell 4000 5K 1y
WM RGE T, Bio-Flex 6 fLEFR U E T CO, Wi H 46
W, BRI LS B, A L E A L R I ) 3 ok
HEMEATBE" o WA PR 5% b B
5K AR 15 % Sy BRVE i 5K A8 , AR ] 24 b A5
21,25 Hz,

1.3 JEARRBEIFXE

2 x EAEGE R S A LR 1, P S ming, B
> 1200 r/min,2 min, SDS-PAGE 43585 H (4% H
4iIE,10% 73 B 1) o HEMRAETE 1S V, 1 h(Bio-Rad
AT, s B H (S ¢ BilE ik 100 mL TBST)
EFPA 1 b1 P34 5E 40 f 4% 31 7 ( proliferating cell nu-
clear antigen, PCNA) (1: 500, Cell Signal Technology
NE]L,FEE) ,B-actin(1: 500, Proteintech 23 &] , SE[H )
4 CHE 5 0 B WERR bR 2 19 — 41 (1: 1 000,
Jackson ImmunoResearch A %], £ H), ER FIFE
2 h;BCIP/NBT #0614, $94 454 5 i 1] Quantity
One(Bio-Rad A #], SE &) #4770 #r , B-actin g2,
1145 PCNA 5 B-actin 1) HAEHIVESEHH20HT
1.4 SEf#53£E 8 PCR(qRT-PCR)

Trizol YA AN I 5L RNA, J FH 5 b 730t i
(AL RARA AR A R K I RNA e B2 K% o
o ARG SR SR & (Takara 24 5], HAS) fOFRAE
ULIIHEAT RNA 9 S 8% 5%, Sy SRR 20 ., % sg
AR .65 °C,5 min;42 °C,60 min;70 °C, 5 min, &
JEET -20 CLRAF. PCR 7 HEEUAR 20 wL, S
=495 °CL,15 5360 °CL,30 ;72 °CL30 s, 4
40 NEIR, LUE Z L GAPDH Sy bR i FE [, >R
FIA RS AR s
1.5 RNA T35

VSMCs H] 0. 125% % B 1 1k J5 11 2, 4%
2 x 10°/FLH BE AR TS FLIG R b s AL N1 5 mL
B 10 % /N4 1l ) DMEM 15 53 4 | 552 dRf 41 g

®1 XRBMERSY
Tab.1 Target gene primer of the rat

M 15

P/ bp

i : CATAACCCAAGCGTCAAAGG
XR007793 123
T : CATGAAGGCAGGTAAGAAAACAC

-¥%: GGCATTACCTGCTCTTGGGT
STAT2 . 310
i : ATAGAGGAAGCGGAGTGGGT

i : TCCCGGTCTCATTCGCTAAC
CDCA8 N 151
% : CTCGCGGTCGAAGTCCTTTA

_E3#%: TGGACTCTTCCTGGGCACTA
LMO2 . 91
Fi: TCTCCTAGGGCTGGTCCTTT

3% : TCTGCTTTCTGGTGATGCTG
IRF7 . 287
T : GGAAGGTGTTCTTGCTCCTG

3% : GATGGTGAAGGTCGGTGTGA
GAPDH N 164
FUiF : TGAACTTGCCGTGGGTAGAG

fille 2 70% ~80% W45 Ji 500 Wl TG il Vi 15 97 Ak o
et Lipofectamine ™ 3B #5717 RNA T4 45,
$ 5 wL Z/NT 4t RNA (small interference RNA, siR-
NA) #1 5 pL Lipofectamine ™ /3 5117 T 250 wl op-
ti-MEM B2 B8R 5] 5l IR G R 29 5 min, B
MLANIMA TR AW 500 pL, 557 6 h J5RALAh
B 1 mL DMEM, 4421555 24 h,

XR007793 #5544 siRNA 751K .

sense 5'-GCAAUCCUAUGGUGUUCUATT-3’

anti-sense 5'-UAGAACACCAUAGGAUUGCTT-3’

X RRZE A AR R 5 siRNA 510

sense 5'-UUCUCCGAACGUGUCACGUTT-3’

anti-sense 5'-ACGUGACACGUUCGGAGAATT-3’
1.6 =k 2m AR R 43 4 40 B B B

AT XR007793 24 h Ji5,0. 125% [l 7E A i
THAL 48 B, R 2R 4 B 2 W, PBS 3 Bk, PI W
(300 pL PBS: 15 ug PI: 3 g RNA fiff ) &£ 30 min,
PR A ALA (BD 23 W), 36 ) A6 00 40 Jf J& 00 Iz
H ModFit 43 A A4z 40 e 54 8 45 55 (S + G2) /GO
{E
1.7 Brdu #&iZARE1E5E" "

JEPE 5K A 4R 45 HT 6 h, 4 Brdu [k #%
1:1 000 £ Fb A5 A 4 s 55 . b BRES AU
0. 125% [ (R AL A0 A, Fi2 R 1 x 10°/FLyk i 2
Pl ¥ 96 FLEGFR AR A, AR Brdu kit 1368 45 ( Roche 24
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A Ji ) BEATARAE R BREE IR, A 200wl Fix-
Denat, Z i T 30 min, # % FixDenat, il A 100 pL
anti-Brdu-POD, ZZ & 90 min, 1PBS ¥k 3 W5
A 100 pL B AAJEY), #EOEHEF S ~ 30 min, FFEH6A
SIS 6% BEAT 430600 BE T I S B, A 25 pll /Y
H,S0, (1 mol/L) & 1k [ lif, Hd §ik % 1 min J5 ] 1]
43606 T (Bio-Rad 680 ) il £ W 5 BB, Wl 5 i3 K¢
450 nm, Z#ZH K 630 nm,5 min NIIESEE,
1.8 Sit=ZaHn

5 2 18] SR DAY = FRifE 2 R0 o JZH AR
el 22k H o K, P <0.05 Sy BA W22
5, P <0.01 yEATEH BEEESR .

2 #R

2.1 [EHAMEK ISR VSMCs B XR007793 Kik

I FEAAR A1 ke AR il 28 22 Bt Flex4000 Xt 1% 5% F
Bio-Flex 6 L3574 H1i) VSMCs F3 5l it i 4 5%
F15% S5 1.25 Hz [5K 875 24 h, qRT-PCR 4%
BIR, 5 5% A IR VAR A L, 15% R ERPE TR AR BE
2T VSMCs [ XR007793 Rk (WL 1) o

ok

0.5
0 J

5% 15%

Relative expression
o
T

1 FEEHAMEKEEZET XR007793 §IRiEKF
(*"*P<0.01,n=5)
Fig.1 Expression level of XR007793 under different cyclic strain

loading conditions

2.2 REHAMKN IR VSMCs fIg s iE T

FIH] Western blotting 43 A4 I 7k i A% N 4% f5
VSMCs /i) PCNA Rk ZAIEIL . 5 5% A= BRI 5K N
A L, 15% 5 B4 5K 1V A% fig &k 2% 1) VSMCs 1y
PCNA ik, 2 U] 5 3 ven 19 JR1 300 1 5 iy 722 AT i i
TF R VSMCs fy 35 58 1% M AR 4 2 5 31 i e 1 45
HESE(ILE2),

5% 15%
pona NS SR
B—actin
2.0
=1
§ 1.5
(=
510
o
B
s 05
o
[ 3 .
5% 15%

B2 AEBEHMEKRMERET PCNA HFREKF
("*P<0.01,n=5)
Fig.2 Protein level of PCNA under different cyclic strain

loading conditions

2.3 RNA F#t#i# VSMCs g5 XR007793 kK i%,
VSMCs Hyig5aiE M _EF

RV XR007793 A2 4k X} VSMCs 3 58 ) HE 1Y
S o W RNAL EOR R Sl #8352 55000 T
VSMCs (1) XR007793 ik (WLIK 3) o >k HIvi = 41 g
ASCHS: I &4 A SR B0 A2 Ak 45 R o, T4 XR007793
ZAF, VSMCs 14 78 48 B BT 1 X 1R 20 & 3% 1 Tt
(WE4),

1.5r
=
2
2 1.0r .
g
*
o
o
=
)
=2

0 .
NC Control RNAi XR007793
B3 siRNA #:3F XR007793 Rk /K FERI 200
(*P<0.05,n=5)
Fig. 3  Influence of specific siRNA on the expression level of
XR007793
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4 siRNA #3F VSMCs B3GR ( “ P <0. 05,1 =5)

Fig.4 Influence of specific siRNA on the proliferation of VSMCs
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2.4 FEHMKMN TAE XR007793 X REEER
STAT2 .CDCAS %3i%

;AR Z1K R A8 i 28 22 48 Flex-4000 Xt 1% 3% F
Bio-Flex 6 115 F& Mt 1 () VSMCs 43 531 Jii Jinl i & Ay
5% F1 15% SR 1.25 Hz {5k % 48 24 h, qRT-PCR
SRR IR, 5 5% A PR TK N AR A L, 15% o5 B 5K
MASRE 3 18 XR007793 L% ik F K STAT2 F
CDCAS (/3255 , i Xt LMO2 F1 IRF7 ik To52m ( I
Kls5),

257 Os5%  m15%

1l

STAT2 CDCA8 LMO2 IRF7

1
g
=

Relative expression
(=)

(=]

5 FEIEAHMEHKIEEMET STAT2,CDCAS , LMO2 71 IRF7 Hj
RIEKE(*P<0.05,n=5)
Fig. 5  Expression level of STAT2, CDCA8, LMO2 and IRF7

under different cyclic strain loading conditions

2.5 T4 XR007793 ZHTHE B HIHE K e
i# VSMC 1838

PRV XRO07793 25T i JAl S0k
SRR XT VSMCs HEBH 2 , 6 30 e S 3 i 4
VSMCs Jitifill 15% v J&l 303 P4 5K 4%, 13 ] Brdu 3 A
IERIN VSMCs T IR VEAZ . SR R4 A
9 XR007793 15 e JA S0 1 54 17 28 RE %tk 25 fie i
VSMCs S5 (WLIEL6) o

2.0r sk

Proliferation by Brdu
=
T

NC+15% siRNA+15%

6 TFH XR007793 [5, R EI FEHI MK A T xF VSMCs 3878 5 1 Y
(" P<0.05,n=5)
Fig. 6 Influence of different cyclic strain loading conditions on the

proliferation of VSMCs under specific siRNA

2.6 T XR007793 £H4 T RIS B KL TR
HHRIEERE CDCAS fy3kix
Sjrp g ey JE ) 5k Ny AR Tk A1 A e, R
XR007793 Z& A4 B v JA 30 M ok 0 7% i . 35 412 i
XR007793 H:3ih3E K CDCAS (15235, X STAT2 |
LMO2 #1 IRF7 ZikZ84bIoszmm (WK 7) .

[ ONC+15% ®siRNA+15%
=t
S 2.5F

S 20r
o
5 1.5+
o
Z 1.0F
B
S o5t
0

STAT2 CDCA8 LMO2 IRF7

7 FH XR007793 [5, A [E B HA 1% 5K B2 2 X STAT2, CDCAS,
LMO2 1 IRF7 &K FHZM( “ P <0.05,n =5)
Fig.7 Influence of different cyclic strain loading conditions on the
expression of STAT2, CDCA8, LMO2 and IRF7 under
specific siRNA
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IEHABRAMET , M4 BE R )2 () VSMCs 32
HRER ML ok 3l 3 SO A R YIS 1) 22
5 1 0L AR BT AZ B S JEL PR SR N AR o ASIF T
HR RTE T VSMCs Jir R 801 Sl U3V 55 17 22 o 441 i
HEFH I R AR B S . PCNA sk A8k 5 i
DNA & J— 3, Bk il PCNA 2 5k 15t 728 £k o A A fliy
AN MR S Y — 2K 24548, Western blotting
il iz B, g B 7 42 5K A5 1F T, VSMCs ) PCNA
PR PR TR N A A 2 b, R W e SR A
SRS gt VSMCs S8 B IE 1 o fEAS PRASIZH AT 4]
TAEA, R Brdu 38 A AN w5 J 4 5 0 A 2 A
T VSMCs B AL ARSI AE R —5, A
SCRRSE AR sk S F T VSMCs 14 58 ) fig 48 k4 it
TR SRR , I 7 — 20 R 1 a0 PR A
S A e A R DR 5K S W] RE T A R 45 VSMCs
SR TGRS I A R

R, AT 28 4 7 70 200 M 36 11 A7 75 22 Rl
T I Al A, 5 R N B 22 R A 53 B R DGR
PR T AE LRI IR A T 205 5 e 3 I 4%, Xt 2
UTARSR 2 A W) 2 WS A L. AR WESE & B, Rho-
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GDIa F 1R T2 1 43 I8 42 T (5 5 73 F Racl
N p38 Rk, E 52 VSMCs (1) 1E 8 Fil 4 4 1)
fiE'" . Ohkawa 2" BF5¢ & BH, th VSMCs 2 1 (1%
BRI ML E RN ) paxillin, Z5 25 BE I ( focal
adhension kinase , FAK) 20 % 1) & & 1R GE 8 1F B 37 4h
TN RIS B BRI AL, ITI0E 4 S R AR 1
M BT WA 5 5 T M 2% b Z R 3R 1 B0 T
FRAL K284, I e K 8L VSMCs 34518 I8 T2 4541
Mushiie kAR, AR LB, 25T N ) REfE i
F EIA miR-19a (KKK, 17 miR-19a XJ F 34 5
cyclin D1 F3k/KF K N Bz 3G AR B A S 2R, X
WFFEHE 7R T HLAK o 9 2 P Bz 56 R 36 3k 1 T g
TR 7 L1 1| e o 5 Qs A S E T LB i D P
/NS FAE SRS RNA (40 miRNA 25) i 22 5 44 5% 5 40
JiL P9 52 2% B N T B 5 R 6 T 5 /0 S 7 IneRNA 7
HAr T e R HE I EZAEH

R, IncRNA 2 — 212 FAAE I 5 S A
H5 mRNA AR ZHAMRLZ AL, 40 bl 3% s il 11 A
sk T LLHEATBI VI HA Poly A 1Y R B AUH 2 7
S50 e B B B AR R AR E . ARz AL
T HFR KA A5 mRNA G, B 4% B 4R <F
w2 AT, B SR SE [ Arraystar 23 ]
IncRNA 5 36 SHR 5 WKY 225 %35 IncRNA
F mRNA 537 256 7% 1822 AR R e K DL
ORISR, LI F] 14 422 5 %55 IncRNA
YT UEAT R SE 4L A K B AE. 1 IE & PR,
XR007793 412124 /K VRS R 5008 7 &5 RAHAT, AL
FEs o XR007793 25 A5 8 K, 36 59 %,
I, BEHL XR007793 1F K J5 Zeif 5% IncRNA 431, #4
@ CNC ( coding-non-coding gene expression network )
W22 B 5 XR007793 L3 35 mRNA 345 46
A Hidr 2t TPA i 5 200 it 38 58 ) RE AH 5 A9 mRNA
43 F-3t 4 4~ STAT2 .CDCAS .LMO2 F1 IRF7, Hfr,
STAT2 j& JAK-STAT {5 5 i % 1) 55 240 Wi o, 2
SRS A R TR G RE IR Y SR 2 )
et R . CDCAS 4% 9 Borealin 2 e {7
USRS NIU )R o SR R LN U R e o
Fior 3 R RS AR, It 58 5 Y o fAdE
HEAT R = A DA RN ) e A O TR A & B
BaEE' AR W 5T 45 & L, XR007793 , STAT2 il
CDCAS8 2 Jy2ma i 43 ¥, HZRIA A8 Ak 52 Jo 1 5k

NS PR, RHTTRES S T & LR 400 T = Tt
IR S5 S VSMCs ZhAREZSAL . [R]I, B4t
e JEL SR 5 A LA R T4 XRO07793 %441 T i e
JAI PSR AR , XRO07793 5 CDCA8 ¥ 77 7E L3Rk
KZHEm i I B 25 F T, XR007793 5 578 34
i P S 0 ke 07 A8 AT BB AE AE B W) AR T G e
CDCA8 (#3525 T VSMCs M4 58 1% 1 A8 A it 72
AN IncRNA 1 B2 S BIFFE 4 ML PN 52 5 00 7 0 %
S SR TR SR , 18 7 1 s R
KIS 5 T VSMCs 1 58 T e w02 M ifn 48 o i A
Hr IncRNA A e A 45 HEAEH] .

OR AR S S A I S S 5K N AR P e
1T BEAR XR007793 Fik i i 25 VSMCs ¥4 78 U fig
AL I B 0 TE A 43 1 HL AT 75 2R SR A9
Pandolfi 25 45 44 3% 4+ P P9 JE RNA ( competing
endogenous RNA , ceRNA) {i i, : ceRNA (41 IncRNA )
T VERE T B L ASE 110 B S5 9 445 190 2%, R 08 3 i
miRNAs 1 1 2 JG4F ( microRNA response elements,
MREs) 44 miRNAs yE 52 0 miRNAs B S8 3%
RIUTER . A 5T & B, TGF-B 3% 1) IncRNA-ATB
e R b B, I 5 A R A G, IncRNA-
ATB 3 3 5 miR-200 F 1% 7% 4 V454, L ZEBI
1 ZEB2 Rk KV, SR EMT FliZ 2%, 4k,
IncRNA-ATB 3 13 45 2 IL-11 mRNA #6487 IL-11
mRNA 50 M, T 3 436 IL-11, 3% STAT3 {545
5, 408 R MR AN Y B R Y . H
I, A DR 2H T 7 52 50 2 1Y 2 A SR 45 2R s,
miRNATE VSMCs $4 58 D g vads b A4 2R 0,
miRNA-33 .miRNA-1 Fil miRNA-34a 25 ABF5E P45
4 ceRNA 73 #r & B, XR007793 , CDCAS 1] fig 5
miRNA-298 miRNA-1224 F1 miRNA-3594 1A f7 75 AH
[ B 25 5 a5 o X LEL5 SR F2 7R, IncRNA XR007793
AT HEVE N —FP ceRNA 5 miRNA 2t [5] &3 VSMCs
BE5H . TEA RTINS JL7 T 2R AT IR A
PRE O it XR007793 ik 38 AR A 58 T
it XRO07793 Ji5 AH G H KA R ek 7K P840 L) K
X VSMCs B34 5E 15 PE 52 5 @ i@ i3 RNA pull-down
4546 TRk W R A 7 A 5 XR007793 45 A 1Y
DNA RNA &5, S AF58 XR0077093-microRNA-
mRNA =3 Z [ A] BRAFTE R L . IRAGGT LA
R0 %A TR XRO07793 78 58 T i i JE 3 5k
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