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H - 7% FRI6 5T B S PR B RE R AL 0 2 R IncRNA, 9380508 IVa T MBS 1Rt i BB . 5 i
1) 100 ug/ml ox-LDLFBA =5k I &I W40 24 hERNSZI0AH, B8 A XS0 Bkl R U piEN
MHRA, B AWE, TrizolBZRIVERNA, BTREENRF, MERF&HHERRE LEKZRIncRNA.
qPCREHFZ FIncRNA. 2) shRNAERHRRZHRIARYLHAVSMC, Kl H NERBRERERE. 3) BAEF
B I I A4 N IEH 4. ox-LDLANEEZH. ox-LDL + shBOLA3-AS1. ox-LDL + shPOC1B-AS1.
ox-LDL + shGRXCR1-4, ¥FCCK8FITranswelliZ il & HHAVSMCHIIEFEITRE AL S, ELISAZENEE
EEEKF. &8 1) Wi =fEE%F% FiHIncRNA: BOLA3-AS1. POC1B-AS1. GRXCR1-4.
2) F i HFRIncRNARIZRIE K35 B EREE(P < 0.05). 3) THRA=FEREFRILE, Sox-LDL
REERAAEL, FHEEEEE, TR KIEEBK S EEREP < 0.01). 45ib: LncRNABOLA3-AS1.
POC1B-AS1. GRXCR1-4RERiX FiAHS5RESGHFEEL R
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Abstract

Objective: Filter and verify new regulatory atherosclerosis LncRNA to provide new ideas for the
treatment and prognosis of such diseases. Methods: 1) 100 ug/ml ox-LDL stimulates human aortic
AR .
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blood vessel smooth muscle cells for 24 h as the experimental group, and normal people’s aortic
blood vessel smooth muscle cells are used as a control group. After qualified quality inspection, total
RNA was extracted by Trizol method for high-throughput sequencing to screen the differential
IncRNA with upregulated expression that met the criteria. Differential IncRNA was verified by qPCR.
2) HAVSMC was infected with shRNA lentiviral vector, and the expression of target gene was de-
tected after knockdown. 3) Select the most effective interference targets, divide human aortic blood
vessel smooth muscle cells into normal group, ox-LDL treatment group, ox-LDL + shBOLA3-AS1,
ox-LDL + shPOC1B-AS1, ox-LDL + shGRXCR1-4. The CCK8 and Transwell Method were used to detect
the proliferation migration capabilities of each group of HAVSMC, and the ELISA method was used to
determine cholesterol levels. Results: 1) Preliminary screening of three significant expression of
LncRNA: BOLA3-AS1, POC1B-AS1, GRXCR1-4. 2) The expression level of the target LncRNA in each
knocking group was significantly reduced (P < 0.05). 3) After the three different genes are lowered,
compared with the ox-LDL processing group, its proliferation activity, migration capabilities and
cholesterol levels are significantly reduced (P < 0.01). Conclusion: LncRNA BOLA3-AS1, POC1B-AS1,
GRXCR1-4 significantly increased and participated in the process of regulating atherosclerosis.
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1. 518§

BNIK S FEAE AL, (atherosclerosis, AS) 3 Em 4z 5 Kb A Z ik, DARE BACH BEAS, 4ifaDhRet 3
L, S LN M 3G BE AT RS S N RHIE[L] . AR BN M E BT A, AHZRRR BRIt . B AR KA
4wt RNA (Lnc RNA)ITE S 2 Flig /2 i2m AS iR, 2l EAESY. SGE6HTE
S, DA AR IR 2] [3] [4], FREAE A AU AT T HUAa T o (2 HRTIEAS 2 DL e 4 BB AH
SN o A B v 38 B 0 5 45K (high-throughput sequencing, HTS)HI & J&, —263E 40 RNA, 240 IncRNAS.
sNoRNAs. Fl1 microRNAs, CZ&H RAHFHIR[S]. AW HTS, FI AR5 5 2 H (ox-LDL)#I
PN 2 BNk LS9 L4 A (Human aortic blood vessel smooth muscle cell, HAVSMC)/E At By, e 56 1iF
FLEEE LAKZESR Inc RNA, JRil I D580t — B IS AS ITEH .

2. SEBEMRIANTT X
2.1. SERMPR

RPMI1640 #1 DMEM. Transwell i 7| &% 1 corning 2 & ; i 4 1fiL 3% (FBS) I [ invitrogen 1 Ausbian:
Penicillin-Streptomycin(100x) 14 [ Gibcos A =E ik I -1 W41 il (HA-VSMC). BOLA3-AS1 shRNA.
GRXCR1-4 shRNA. POC1B-AS1 shRNA 125 2440 5 sk VR AER 2 A F]; Trizol I H Sigmas
gPCR #HXIE H Vazyme FI4:MER A ; CCK-8 iFIgH Sigma A #].

22. SEWE

2.2.1. fARASTE RS BRI
s HA-VSMC 8 10%Ji 75 i 85950, NS B RIS, T 37°C, 5% CO, B A it 9%,
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RN B0 KA 53 P 4. —ZHIN A 100 pg/mL A8 AGAIK S B2 IR 25 1 (ox-LDL) L 24 h, 5 —ZH AN,
B =ANEE, HT/REELE. FIH Trizol S HFEAM M S RNA, XA RNA 4 NanoDrop
ND-2000 4366, & RNA IR E . A260/280 WOGAE ELAR 735 1.97. 1.97. 1.98. 1.92. 1.93.
1.92 BRI 1.7 < A260/A280 < 2.2, FRIAFEARTRG T & G000 BEoR, AT 4kal fa 4: s .

222 BRENF

1) BIEpisE

XF R RS AR i AR A IR A AT SE R T, TR AR B S A R R
A, AL A A T EBAR RS . R 5 BRSSO, X Len] BRI B f5 25 Hr 45 R W )
FEVE, WCRH Seqtk FAFX R 4G R BEAT AL B],  EBRHEELF A R =T .

2) % IncRNA 43#7

I edgeR AR BB TAE AR ] 22 5% INCRNA 43 #, FEAR IR 556, P-value {5 A BH 234742 1E(FDR)..
BV ZE R IE K (0% KRV N : [Fold Change| > 1.3 H. FDR < 0.05. HR#E45 R Hkik 5 N ZRAFRE K
INCRNA 5 2561F o

2.2.3. qPCR B EFRIE

ZH Trizol VESEEAIMIDE RNA, 700G THIN e M B o AR 10 A sy ik 8 e W P AT S 2 Sk
cDNA %M. RIEFHEH K IncRNA #it LS A Rigs19, 51950, Wk 1. BBikidtsr
Real-Time PCR, 445 2 ul ) cDNA Bif, % 0.25 ul 1 L5114, wEREF 95°C, 1 min; 95T,
10 s; 60°C, 30 s; EIF 45 K. HaHRE BRELSRA . KEUHNEEE, AR FEA G PR H RN
CtfH, MR 27 ki H8% 2 S B DR R A o R TA o

Table 1. Primer sequence

= 1. 5455
H B E EW5I WS B YIS
LncRNF135-1 GATTTCTCCGTTGTGTTCGTCTTT AGTGCTCATGTGCTGCTTCC 185
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA 121
LncUNC93B1-1 CCGTGTCTGTCCTCTTCTCCT TCTTCCCTCTCCCTGCCTCA 142

Lnc BOLA3-AS1 TTTCCATTCCCACTCCCTACTCTG CCCTACACGCTCTCTTCCTTACA 144
Lnc GRXCR1-4 TAGACGAACGATGCCGACGA AAGAAAGCCAAAGCCTCCACAA 191
Lnc POC1B-AS1 TTCACGGAGGGAGCAACAAAC GCCTGAGACACAAACACACTGA 106

2.2.4. qPCR #l & F M E

B N Bk i e P LA R 53 2 FLZH(CON) BHPEXTHRZA(shCtrl) . SKBe 2. Sie 2 7 55 e Ge Lty
Gk VU A2 A w3 ¥ shBOLA3-AS1, shGRXCR1-4, shPOC1B-ASL, ¥4 48 h )7, 2 2.2.3 KA qPCR
M35 4 B bR RN AR IR B, B DR Rk BE ) -

2.2.5. CCKS8 ¥ ZapaiE

H N 25 SR LR ST UL K 4% % shBOLAS3-AS1, shGRXCR1-4, shPOC1B-AS148h J5 (K% A: 1E
WHI(NC); ox-LDL 4b¥#H; ox-LDL + shBOLA3-AS1 #41; ox-LDL + shGRXCR1-4 #1; ox-LDL + sh
POC1B-AS1 4, FH =ANEE, Hil S4B, WM ST 96 FLIR, 357748 R 72— BN a)(37°C,
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5% CO,), HEFLIIN 10 ul CCK8, #E 0h. 24 h, 48 h. 72 h Is}ja] A, BEARACIE 450 nm Ak ()& FLIR G
(OD), ToRMEHHIG 1, W& E AR AMHEIE 71(%) = [OD(3L5) — OD(= A)J/[OD(Xf ) — OD(% )] x
100%.

2.2.6. Transwell ¥ 4HPRITFE 68

IRl 2,25, BEEEEALE, (RMIERFRIEER, LIERKFEMFE. glE#R 100 uL (&
100000~200000) T/~ 1, #H/NZHTHNE 600 ul 30% FBS 53R 5 Ty, REFRAaREIE 24 h, EIHIHoK
UG R BREE IR, M TR AR A, 400 ul LYt 5 min, PRYERE T, WAET MR E
DA AR ST A% e

2.2.7. ¥iN4nHaAE EEEK

BN E B KIS LT 3 408 . IE % 41(NC); ox-LDL 4hFE4H; ox-LDL + shBOLA3-AS1; ox-LDL
+ ShGRXCR1-4; ox-LDL +shPOC1B-AS1, 4% ELISA Kl il & i il P EefE, BhsuefmfL, = E@xt
HRALADARIRE i AL, PR InRE . RE . ISR E S A, 37CEHER A 15 04, REBALn& bl
50 ul, WEREEARLCE BTG, BIoAZKIE). & ibii 15 min pillse: PLZSFAFLIEAZE, 500 nm P KAK
72 AL E(OD fH) . ARIEARAE ST LA REEFD OD {E AT tH L B LR A 572, P ARAE AR IIAE 5
OD fH TR E.

2.3. Gt FE S

K FH SPSS 26.0 #4745 14341, K] GraphPad Prism 9.0 7 B # A #EAT 48 tH1E B BE s X +5 Fo,
2 HHIRIECR ) t K05, P <0.05 A4t X

3. SEIOHER
31 SEENFER

BREME S A /N T 0.005 FIHREN T CLUERR, & TiErrdE, 250 Ex 568 N # M ALK, 428
MNEEMWTIRER. Hp, YPHE T 5 NMEERIE EIRK INcRNA, 13 2.

Table 2. Five differentially expressed IncRNAs with significantly up-regulated expression
F* 2.5 MRIEEZE LANESR InCRNA

LncRNA ID Gene name Log2FC P-value result
ENSTO00000423477 BOLA3-AS1 5.36784 0.000822 up
ENST00000431308 RFN135-1 4.908546 0.002703 up

NONHSAT022490.2 UNC93B1-1 5.133109 0.00132 up
ENST00000507388 GRXCR1-4 Inf 4.05E-06 up
ENST00000605233 POC1B-AS1 Inf 9.00E-13 up

%V Inf LK.

3.2. QPCR Wi 5 MEREEH

ZERLH. 5IEWAME, ox-LDL /) INcGRXCR1-4. POC1B-AS1. BOLA3-AS1 {31k B &N
(P<0.05), ZRASGII¥EN, W 1.
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Figure 1. gPCR detection and verification of target IncRNA
1. gPCR ¥ I IE B #R InCRNA

3.3. Bim 3 MERER

qPCR A& 3 /N3 Rk J #2755, CON £ A1 sShBOLAS3-AS1 A% 214 & 1.001 + 0.056. 1 0.336
+0.004; CON 4L A1 shGRXCR1-4 ZHAH %} 2% &4 1.001 + 0.044 1 0.531 + 0.015; CON 4141 shPOC1B-AS1
ZH AR X Rk &4 1.000 + 0.020 A1 0.616 +0.017. 5 CON ZHAHLL, ikl -+ BOLA3-AS1. POC1B-AS1,
GRXCR1-4 B[R FRIEKFI)EE KPP < 0.05), ALl X, a2

3.4. CCKS8 #;M 4mpaiE M

IEH 872 0h.24 h 48 h 72 h ) OD {84372 0.197300 + 0.001308. 0.501467 + 0.014841.0.729967
+0.026494. 1.142200 + 0.009395; ox-LDL + shBOLA3-AS1 ZH£53% 0 h. 24 h, 48 h. 72 h [{J OD 1H %) 3
J&: 0.202967 + 0.010050. 0.403133 + 0.001858. 0.650067 + 0.000321. 0.879867 + 0.064943; ox-LDL +
shPOC1B-AS1 H3%55% 0 h. 24 h, 48 h, 72 h [¥] OD {43 %Il /2 : 0.194733 + 0.003044. 0.404867 + 0.006837.
0.618833 + 0.002548. 0.859867 + 0.016916; ox-LDL + shGRXCR1-4 15575 0h. 24 h. 48h. 72h ] OD
1853 %)42%: 0.186133 +0.004412. 0.314100 + 0.006767. 0.520633 + 0.009672. 0.767033 + 0.020232; 5 1E
WYAEL, ox-LDL + shBOLA3-AS1. ox-LDL + shGRXCR1-4. ox-LDL + shPOC1B-AS1 ZH 4 i 14 2 2
FRA(P <0.01), ZRABGIE L.

3.5. AR e BT EE HRVEL B
ERE 3, 5 ox-LDL HAHLL, FERINH|HAMITFE K P BERFKRP <0.01), ZRAESITHFEX.
3.6. RS & LHREEEE R E AL B

gL 2, SIEW AR, ox-LDL ZHAH & ¥ & B 2 = (P < 0.001); 5 ox-LDL AR, JEpE 4]
2 JIH [ W B 1Y S 5 PR (P < 0.001), E R A Gt Lo
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Table 3. Cell migration number in each group

=3 HAMMITIHEKE

A MMUEREH (X £s) PE
IEHH 92 +£17.58
ox-LDL £ 120+ 10.41 0.0742
ox-LDL + shBOLA3-AS1 52 £10.07 0.0012
ox-LDL + shGRXCR1-4 58 £ 5.57 0.0006
ox-LDL + shPOC1B-AS1 43 +8.62 0.0006
A i [

%* %k %k
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Figure 2. Cholesterol content in each group
detected by ELISA

[# 2. ELISA # N & ABERE S =
4. +1ig
4.1. SIBENMKFES LncRNA

I8 vy ) P B AR T 2 5 AR 5 IncRNA tHIZHT i A # A [6] [7] [8] [9]. Sun Z5E[10]F il
2 ST I A 3= B Jhk e 2 (TAD) AR IE 5 B kAL 21, T 75 & IA 1) IncRNA, 3 gPCR & iF InNcRNA XIST
Fl p21 7£ TAD H1155K15, hasmiR-17-5p £ TAD H{K#KiA. Yang &F[11i2 H =@ =N/, b 2 BUFE R
iR ENNIEH & 2 AR5 E, 78R 441 4 IncRNA, Hr 366 4~ Fif, 75 N TFif. %4b, Liao @it
SXof ek Co 73 2L RN ik BT R 21 2 [A) R4 rm JE &, /34T InNcRNACTA-384D8.35 1 CTB-114C7.4 A% IR
HICERIEIAI[12] . EARRELIG R, [FffEHE@ENFHER, FLLP <0.05, % 5f%4|FoldChange| > 1.3
YRR bRAE . SR — MR IA FC MIZENHE R T 2, (HAEARRSLIGH, DAARE 1T R 23 18 A e ie i) 22 Sk
R H RHIK, SECEELL S AS #5064 S50 IncRNA #0iiFR, # bl FC > 1.3 S RIA K% 5 IncRNA.

4.2. ThEKEHELS LncRNA
SRR K A R R, 15O M M5 K AE R B & A F[13] [14] [15]. WFFTERH, IncRNA 7E

AS TS EE (. Bai 28 A[16]3F5E INCRNA meg3 i mir-26a #34a4k., [A {23 samdl %A,
TS B0 FK R A R A T JULAT S P B B R 1P 7, 52 AS [P F2 o Wang &5 A\ [17]H87F 5T H foxc2-asl
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I mir-1253/foxfl {5 5 4l — e dE A ARG 58, SHI4EME TS, S4h, IncRNA H19 A i R, &
RGN, SRR AR LB HLE 2 tH 2 O, Rk SR A AU 2 IR A 1 (ox-1d1) 753 1 E R 4T Ha i AR 2R
FEAC mir-146a-5p 132314 [18]. Liu 58 A[1914K T 7 KA JE S RNA MALATL 7E S0 2 B2 T B 1 )4
i 5 AR RN i B B /K P 5 T, 5 mir-17-5plabcal IR fEARRWIFEH, FATIZH ox-LDL H|¥#
HA-VSMC 24 h, SAJEFRRIEREN T, PIEiEIFiET gPCR WAk =Kk B3 LR Z 5 IncRNA:
BOLA3-AS1. POC1B-AS1l. GRXCR1-4, w]ggilidIEF /AL S SRR ifE . &R H
B SCHR, BOLA3-ASL SR Filj5 AHOC, Wei &5 A [20]7ERK F 8T i Tl & 98 555 AH G IncRNA BRI K&
I, BOLA3-ASL 7L B #a 4 il R R IAHEH B AR R0 R, S His i i g USSR R St Tl B s 22 7
J& o BEAh, E AR EIRAR AR DG InCRNA S TIN5 3 s B3 (AR A2 TS, Jiang S8 [21)0F 7RI,
f4% BOLA3-ASL 7EN 1) 5 ANFEREMEAH SR, BRINIKE = ANST B s A N e B T A A R
2 AR v AU A RS 2H, T8 B 5 A e (R AR O T 5 R . e Gt A on, 548 ils
G KR IT U AT 95[22]. [FIBE, POCIB-AS1 AT {E AMIE T 5 P IRE TG ) IncRNA, Fit5
PR EE(HR) I B A S ) INcRNASs, 43254 POC1B-AS1 N AR AR (HR < 1), HEmEiEBRE K84
PR BE K TARERIE B [23]. HIMEL IR [24], 152F H BUR[25]55 77 T B R ¥ 35 — E R/ .
KEEIESm D RNA GRXCR1-4 4 SClRIRkIE . Rk, B =F 25 INCRNA T 5, 51 g 50 19 f 18 2
IPE 2R, 75 AS HR 47 14 8 1 JC AR R o AH B A BT 5T R A, IR 5 Sl ks RE ARt AH G 1 [26] [27] [28],
ARG LFERNARRE R =5, B, MERENLE: 6, M4, 0Mb R R &
HAMEEE KT RS, ZXWIES T 25 IncRNA 20 LU AS sk fE. ik, Aik—5iEse
INcRNABOLA3-AS1. POC1B-AS1. GRXCR1-4 & AS iR EM:, AR, K =FIER
JE AL B R R e 7 =, P HAE HA-VSMC H 3Rk, #RJ5I85T Transwell, CCK8 A& ELISA J7
AT IhRESCES . A& 2 R A S, TR RE VT, MR EIRE KT . R BE = R R R 1 R A
TR, HAPTE AR IS A B 0. IR R K PR, AR IR 20, ox-LDL AbFRA AT & .
Mt —BE Sz KA E4miY RNABOLA3-AS1. POC1B-AS1. GRXCRI1-4 fEF kS REREAL IR A 3555 &
BAEAE

i BERrk, B EEEN T & QPCR SFAMEARMBH, ikl ik IncRNA BOLA3-ASL.
GRXCR1-4. POC1B-AS1 5k e ¢, HH Hilid R =M R RIAE LM, A TR IE i
JULAH A TV . JTAERE T, PHERE K pE 2 PR, XL RiE R AS EEMEREE. b,
RNEERNTT B RR, HEAAYLH RN T, MAERE, AR REEEE TR ES
INCRNA HEATXTLLAr AT, SRkt AS S g SRy it . i) 2 F R R RIAR, TMUCE—H], K&
ZE RS HARRIRE . (R, ARIRBEFLIRA AS RIT AT S LR ) THREE R, P58 5 AS Mk
i INcRNA ik

&5k
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