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H ¥ : #H tRF-His-GTG-03 77E i & 18 W4 il (vascular smooth muscle cell, VSMC)R R ¥ 1 [ RiX
KEHFIHEYE B RBENIER . ik RARNEEEPCRENRF-His-GTG-037ZEVSMCR AL
AR RIEKF . FE T miRandaf TargetScan T tRF-His-GTG-037 f#EIEH . X T 1 #E 5 (R
#47GO (Gene Ontology) T #84 HTFIKEGG(Kyoto Encyclopedia of Genes and Genomes)i# 1. 45
B, 5IFE¥VSMC (1.18 + 0.25)fF ., tRF-His-GTG-0377EML/MRATAE ETBB (platelet-derived growth
factor BB, PDGF-BB)# 5 VSMCH )& ixKF(2.50 + 0.40)B BT (t = 2.78, P = 0.008). Tl
tRF-His-GTG-0373 8 93 R, HF49MEF 5L MERB KK E X, Racl. AL FETFRAMHIY
(tissue factor pathway inhibitor, TFPI). 4= P450K %k i 1B1 (recombinant cytochrome
P450 1B1, CYP1B1). TWIST15VSMCHIEFE . XEBH 5K . GO I 4 - R I AEWILFE (biological process,
BP) E £ H 4291, 41 fi 545 (cell composition, CC) E £ H 504, 4-F I EE (molecular function, MF)
EETIH291 . KEGGHEE TSR ZILHIcAMPIE SE K . AMPKfS S8 SVSMCHIERE . THAHR.
4518 tRF-His-GTG-0377EVSMCR A M RIL /KPR, PRe/EAH TRacl. TFPI. CYP1B1. TWIST1
FHEFET cAMP(S 518 . AMPK{E Sl BEEVSMCR R ¥t BB R 4EA .
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Abstract

Objective: To investigate the expression level of tRF-His-GTG-037 in the phenotypic transforma-
tion of vascular smooth muscle cells (VSMCs) and analyze t its potential role with bioinformatics.
Methods: The expression level of tRF-His-GTG-037 in VSMC phenotype transformation was de-
tected by fluorescence quantitative PCR. The target gene of tRF-His-GTG-037 was predicted based
on miRanda and TargetScan. The predicted target genes were analyzed for GO (Gene Ontology)
function and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway. Results: Compared with
normal VSMC (1.18 % 0.25), the expression level of tRF-His-GTG-037 in PDGF-BB (platelet-derived
growth factor BB) induced VSMC (2.50 * 0.40) was significantly higher (t = 2.78, P = 0.008). It was
predicted that there were 93 target genes in tRF-His-GTG-037, 49 of which were related to the pa-
thogenesis of cardiovascular disease. Racl, tissue factor pathway inhibitor (TFPI), recombinant
cytochrome P450 1B1 (CYP1B1) and TWIST1 are related to the proliferation and migration of
VSMC. The results of GO analysis found 429 biological process (BP) enrichment projects, 50 cell
composition (CC) enrichment projects, and 29 molecular function (MF) enrichment projects. The
results of KEGG pathway analysis showed that the cAMP signal pathway and AMPK signal pathway
were related to the proliferation and migration of VSMC. Conclusions: The expression level of
tRF-His-GTG-037 in VSMC phenotypic transformation increased. tRF-His-GTG-037 may play a role
in VSMC phenotypic transformation by targeting genes such as Rac1, TFPI, CYP1B1 and TWIST1
through cAMP signal pathway and AMPK signal pathway.
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1. BiI5

1M - 48 WL4H i (vascular smooth muscle cell, VSMC)J& Il & BE ) F BNy 2 —, E4ERFImE K.
1B MR AR AR AR R E AR . AT, VSMC RILHI4aR AL, 1 i 5k /) 4
FRAHZUMR[1]: HIE 28, VSMC ¥ E R, JFR1FIEE . TR A& oK B 40 i A R 5 o)
fRRE S, BETT M BERS R, B RPN IN 1: FARAN ML B . 2 IR IESE, VSMC R
BA R LI BN [ I N BRE R 2R AR 1], s E2]. ShBKGEFERELL[3] (4] MlishikE K [S] sl
(6] FEAE J5 Bl ke 98 A I R AR Ja P8 7 [ 756 I B 28 50 08 () 4 B i B 2 R Al (AL, ) VSMIC
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FAYEEAL (R IR AT B T T Aa 7 1L =5 98 DA S T e M TR I s, SR VSMIC R AL AL 1) 1
PR W ANE 2

tRNA fi74E /N RNAs (Transfer RNA tRNA-derived small RNAs, tsRNAs) & —2RJF T 52 tRNA 5§
tRNA FIAIIESR IS 5% RNAs, KBS AP KZE: tiRNA (53 tRNA halves)fl tRFs (tRNA #7142 H B),
ZE RN EATEERE . ZRAEY S R, IR ST RS B RS S 2 R
AERARE B AR (8], FEMIR . MEBAT YRGS . AR . R R L O I A B AR R
HEEEAMEMH], X tsRNAs 5 VSMC & 8 5 e 1y o 70 W NI & A2 o JRATT A 39 00 e 45 SR R 3
tRF-His-GTG-037 7£ VSMC R A AL fE s R IEK 38 5, 17— 25t (RF-His-GTG-037 FIA4)%:
Thfe, AHFFR 246 & B PCR #E— B IIE tRF-His-GTG-037 i) VSMC & AU f b () ik KT, %
FAEDNE B 257053 T tRF-His-GTG-037 LR A EMITIRE, VIBER1) (RF-His-GTG-037 £ VSMC
RAFACT R IR

2. MR 57
2.1. #%

KR ES LI A7eS o BRSBTS s a2 ifiE . DMEM. TRIzol™
R B 3L E SR KA A M/ MRETARF BB (platelet-derived growth factor BB, PDGF-BB)J H 3£ [
R&D /A #]; rtStar™ tRF&tHRNA FAMHR 7 & rtStar 25 —%4F cDNA & ORI & 2t E Eil i &l H &
Arraystar A 7]; 519000 _F#EAE T AT . 9265 & PCR X (7500)W H 3£ E ABI A, f21E 5 /5(s100)
WEHAREAR, AU EHEEOLHL(5804R)IH H 42 [E Eppendorf /A .

2.2. A&

2.2.1. GpatEsF

ATr5 ESH 10% (viv)IE4 LG R DMEM His3%, BRI N 37°C, CO,IKRIEN 5%. VSMC
PL2 x 10° NI/ FLI 2 FE R AE 6 FLBRFP S 9% 12 /i, YLk 24 /NI 20 ng/ml PDGF-BB %5 24
/NI JE OB 4R AR 10].

2.2.2. TEHERE PCR

F TRIzoI™1R 7 A VSMC HHZELE RNA, SR rtStar™ tRF&tRNA FiALFRIR T &% 42 RNA EAT AR EE,
{8 rtStar 5555 cDNA & OGS T W e S RO, PoA A% GRS B 150817354 . R Primer 5.0 5211
4 B RF-His-GTG-037 KN U6 PCR 514, F4IWI R : U6: F:5-GCTTCGGCAGCACATATACTAAAAT-3’;
R:5’-CGCTTCACGAATTTGCGTGTCAT-3’tRF-His-GTG-037: F: 5’-GTCCGACGATCTAGACTGTGA-3’; R:
5’-CGTGTGCTCTTCCGATCTAG-3’. PCR RFARRUIT: 2 x Master Mix 5 ul. 10 uM ] PCR 5% - F
eI 0.5 ul AR 2.0 pl MUK Z SRR 10 pl; R ZAF: 95°C, 10 min; 40 4~ PCR fEIR(95°C, 10
i 60°C, 60 Fb). it 224 J59% 40t tRF-His-GTG-037 (AR A K117

2.2.3. EMIERESH

T miRanda [12]F1 TargetScan [13]7ill tRF-His-GTG-037 HI¥EIE . X Fiil i ¥ 5L K 1 34T GO
(Gene Ontology) Mg 43 #1 A1 KEGG (Kyoto Encyclopedia of Genes and Genomes)i# #4341, GO 441 F T4
I DR A ] 2= 4 J 14 (http:/www.geneontology.org), GO 7 Hr 54 it #2 (biological process, BP). 4H
Jit 21 i (cell composition, CC)F14rFIh fE(molecular function, MF). Fisher #&:56H T 1H 584> GO )8 E M
K, PEEE/DN, GO B . WE TR H KEGG 0 % (https://www.genome. jp/kegg/pathway.html)
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X} tRF-His-GTG-037 ThfeitAT 704, P {H(EASE 134+ Fisher-P {H5( Hypergeometric-P )3/~ 2 4H
KRR SN, PN, WEMEE,

2.3. Gt FES

Fi 4§l 2R GraphPad Prism 8.0 #{FHE{74b3E, Fisher FEHiILIIEIT GO 43 #T, EASE 1347
Fisher-P B 5% Hypergeometric-P {ELFH] T4 A5G I8 % 1) & 34 1 . W42 [A] (RF-His-GTG-037 &K T bt
R FHAEF ¢ 400%, P<0.05 BA9 B it 3L

3. &R
3.1. tRF-His-GTG-037 #£ VSMC REFERFTEPHTRIE

N T P ERIE (RF-His-GTG-037 1£ VSMC K AL i F2 v (1) 3238 /KT, SR 265 & PCR il H
K, SR KBS IER VSMC(1.18 £ 0.25)4 kL, tRF-His-GTG-037 #£ PDGF-BB %5 VSMC )ik K
F(2.50 + 0.40) A BT+ =, PR ZE R B ASHEE (1= 2.78, P=0.008).

3.2. tRF-His-GTG-037 38 E R F
FIFH miRanda [12]41 TargetScan [13]7l] tRF-His-GTG-037 fI#EIER, 4558 BRIt 93 ML .
FRE ) STk, b 49 AN 0 M 00 A A R(LIE 1) B TE P AMIF 5 R Racl [14] [15]. 4

IR FI& 12 MY (tissue factor pathway inhibitor, TFPI) [16] [17]. 425 P450 K i 1B1 (Recom-
binant Cytochrome P450 1B1, CYP1B1) [18]. TWISTI [19]5 VSMC 54, T4 %o
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Figure 1. Target genes of tRF-His-GTG-037 related to cardiovascular
disease
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Table 1. GO analysis of target gene tRF-His-GTG-037 (top 10)
# 1. tRF-His-GTG-037 ¥BEE /Y GO 534 (AT 10 1)

GO.ID Term Number of genes P value
Biological process
GO:0009966 regulation of signal transduction 23 0.000143
GO:0071466 cellular response to xenobiotic stimulus 6 0.000147
GO:0035556 intracellular signal transduction 21 0.000177
GO0O:0048583 regulation of response to stimulus 27 0.000195
GO:0010646 regulation of cell communication 25 0.000256
GO0:0023051 regulation of signaling 25 0.000271
GO:0045834 positive regulation of lipid metabolic process 5 0.000394
GO0:0031952 regulation of protein autophosphorylation 3 0.000585
GO:0007167 enzyme linked receptor protein signaling pathway 11 0.000640
GO:0048585 negative regulation of response to stimulus 15 0.000704
Cell composition
GO:0005622 intracellular anatomical structure 63 0.000035
GO:0070013 intracellular organelle lumen 31 0.000042
GO0:0031974 membrane-enclosed lumen 31 0.000042
G0:0043233 organelle lumen 31 0.000042
GO0:0043231 intracellular membrane-bounded organelle 55 0.000055
GO0:0043227 membrane-bounded organelle 55 0.000271
G0O:0043229 intracellular organelle 57 0.000275
GO:0005654 nucleoplasm 25 0.000297
GO:0031981 nuclear lumen 27 0.000308
GO:0031588 nucleotide-activated protein kinase complex 2 0.000739
Molecular function
G0:0016208 AMP binding 2 0.002418
GO0:0019900 kinase binding 8 0.014169
GO:1901618 organic hydroxy compound transmembrane transporter activity 2 0.014842
GO:0098772 molecular function regulator 13 0.017146
GO0:0008028 monocarboxylic acid transmembrane transporter activity 2 0.017909
GO:0019899 enzyme binding 15 0.017976
GO:0016712 oxidoreductase activity 2 0.023319
GO:0140030 modification-dependent protein binding 3 0.023722
G0:0019901 protein kinase binding 7 0.023816
GO0:0008395 steroid hydroxylase activity 2 0.024037
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3.3. tRF-His-GTG-037 $8 £ A GO 94F

NY BRI} tRF-His-GTG-037 HJThAg, X tRF-His-GTG-037 T 40 3L A 34T GO 7rffr, 455
RIVEDEFEBP)EEDUH 429 1, M (COYEETH 50 4, 4 FIREME)E4£DTH 29 4>, Xk
i H BA G225 (P < 0.05). 2% 1 B TRANBAET 10 AN E &0 H A E S0 H 1) 2 7 RIS K
%R, 44 161 4~ BP Z[H. 377 4 CC 2[R 56 4~ MF %[5, BP. CC Fl MF ()5 55 $ds = 0 H
A 5 5 % (G0:0009966, P = 0.000143). 41 PN £54(GO:0005622, P = 0.000035)F1 AMP &5 &
(GO:0016208, P =0.002418).

3.4. tRF-His-GTG-037 $BEFE B 5

FICEER TR E AR TN B S B (Hlog 1 0(Pvalue)E (LI 2), 7 R 543 5l & A T B
T RN TR TR ARSI KRR IEERLLAR . DNA ZHl. cAMP {5
TR AMPK {5 5B EEEEA. IR TR .

Sig pathway of DE gene

Circadian rhythm |3 genes]

Adipocytokine signaling pathway |3 genes]

Non-alcoholic fatty liver di |4 genes]
Longevity regulating pathway
Hypertrophic cardiomyopathy
DNA replication
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Figure 2. Pathway analysis of target genes of tRF-His-GTG-037 (top 10)
[ 2. tRF-His-GTG-037 $BEFE §03&@ B8 534 (AT 10 L)

4. i1ig
432 RNA (transfer RNA, tRNA)Z 41 i P9 3= Z ) RNA 40 72—, il % i 73~93 MMZEFER 4L, tRNA
BAR =0 B g gh K, R AR A RO FE R SCREE o I A SR T 3R B AR R (1 4 B/ ZH 21
PR tRNA BE (RNA B A4 B2 B (0 Dicer ILEF AR i 20) BT, 7 LLA74E tsRNAs [8]. HEKEZ (1)
W B tsRNAs 5O L9805 85l 3 ks FE i 4k (atherosclerosis, AS). ORI 3 3l ik I 2 (aortic
dissection, AD)% /0 L8 95995 25 UTAH G [20]. Wang 55 AGE St B AN 530 28 % 1 0o JUL 28 £8 ) LI S A T
it fg BB R AT/ RNA T, 45 R B R MO ILA B L2 M 2 H tiIRNA-GIn-TTG-001 £IA/K
PR, HRIE KPS m e MUY B R 28 JOE AR A IO A 55 PR AMELIILC UL 28 40 it 455 R 31F 51
O JULAH B AT DU tiIRNA-GIn-TTG-001; “E¥1E B %0 HT KL tiIRNA-GIn-TTG-001 ()78 7E5EHE R 51
BRI 55, M Ras. MAPK. PI3K-Akt 15 5 38 B o] RE X 2 4 PR O LA 10 9 ANt g 7= A 5
IR, TSR E W, X LesE AR tiIRNA-GIn-TTG-001 7] GEAE 5 & ko LA &5 Ak B B AR F[21].
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I FH el 5 7 A s AN A D B RGP O U R T =R O I LS U R 2 e 219 AN KE A UT
B tsRNAs, H P 77 A~ tsRNAs KA T A F AR [22] K1 FH sh A S B0 LR I 3 E] 166 4™ tsRNAs
i, 136 /> tsRNsA N, i #vE R AT LLA S 55 4 tsRNAs [13Ri5[23]. 78 AS BEE R BLK 315
A tsRNAs H1, 131 NA1 184 A7 73] VAR, #— P78 tRFGly-GCC A gl id 45 VSMC 1
(I R B . B9 . BRI R AL S 5 AS RIR[24]. X IEH FIERFEI 05 10 K RS B BKEAT /N RNA
P45 R B tRFs/RNAs [R5 7518 76 20 1) 45 12 25 25 5%, tRNASCTO 172 Fr BL(tRFOMCTO)7E A2 45 3 i
Skt RS, HEERRE, RN, A (RECCTE B al (2 3#E K R VSMC 13 5 A1t
250, PRI 7E R BLGT IR ZH AR LE, AD B8 FEh kA b L4 41 /> tRFs/tiRNAs £k k(12 D Eif,
29 NN, 4HMESZERAIE SE tRF-1:30-chrM. Met-CAT AJ{E#F VSMC ({3458 . BB AR EH[26]. F 4k
—IHFFEAE AR/ B AD A7 th R B 5'-tiRNA-Cys-GCA &3 T, Ahszie KBl 5'-tiRNA Cys-GCA
it B R IENH] T VSMCs HIBETEFIIERS, 5'-tiRNA Cys-GCA it STAT4 15 538 M2 ¥ 5 ik Je J2 9 B it
P2V AE T R 1 [27] . I FH w2 003 F 90 R A 3 A N E sl k- ig LA i 1838 M ERRIEN
tsRNA, H 1 887 NFRIAHINN, 951 NFRIKJRA> [28] 01X LERF 7145 R HEIR tsRNAs 7E 0 L 0% F1 VSMC
WA AR R R E E E/EA . (RF-His-GTG-037 ;2R AR AR A RNA 75 ARAE VSMC R A4k
o R ek K s ) — R tsRNA, 986 E & PCR HI45 B R tRF-His-GTG-037 #£ PDGF-BB % 5 ()
VSMC £k KR, PRk 7745 5R, #2785 tRF-His-GTG-037 Al A2 5 | VSMC R A%
it F .

BFFEIESE tsRNAs 81T 45 & mRNA K AFEIAL miRNA FIE (4% mRNA 50/ mRNA F25€), 5i# tsRNAs
SEAMEAEN, dSEmsmE A rfERS] [9]. ABFFR A AEYE BT 1 93 A tRF-His-GTG-037 4
BN, ARE H AT ST ARE Fe 49 AN 50 MUE B KR AT %, HHt Racl. TFPL. CYP1B1. TWISTI
KR VSMC K385 1T A K. Racl J& T/ G #5H Rho K%, 5T KI Racl 5 GTP 454 5 T LAY
ZAE SIEE, SR shE A4 E A E A AMARIERS[14]. Ashino 28 N[ 151 FEIUESEAERS FR AR 3=
AN, PDGF IR PuE (it ATPTA 5 IQGAPL Ml Racl (454, (Lt VSMC iR A &
¥, TFPI je—Fpudtia A, a7 DU 815 22 8 (s PR LBt E ], AR TR B TFPL mT A1 41 A
T HIER A RS e AN T RfE R (161 A WFFURIL TFPI £E TNF-o R3] VSMC A
EHIELEFA[17]. AT 55 % MW HEYE Cyplbl+/+F1 Cyplbl-/~/N R E Sk B VSMC BT 4415z
56, ZERKRIUE Cyplbl-/~/N ) VSMC A 4-5255-2, 2, 6, 6-PUH FEIRNE-1-58 35— Mt Sk P s b g
At F AL B A FL ) Cyplbl+/A+/N R VSMCs 1, I /IMRAFTAEAE K K 7-BB % S AT RS A bE DL
K H,0, F2AEIR5S, #2728 Cyplbl 7E VSMC FEFE. AP RIE(EA[18]. TWISTI & Is4i s 1b EE 1)
KTz —, EAARSN SMC R Bt Bt TWIST1 B A/K RIS, MR EY TWISTI i3
55T AT LA 2 AL e () A 2 R TWIST i ik Rk VSMC (R A6 e, 1 TWISTI ) siRNA
B 1w P B4R % A2 [19]0 $27 tRF-His-GTG-037 Al il /EAH T Racl. TFPI. CYP1B1. TWISTI #E5:[K &
FEOife. Ht—PiEid (RF-His-GTG-037 #EEEPRIEEK /- #r L 1 23 & Alig, H i SCiRmf Foir s A i
cAMP {55 0E%[29]. AMPK {55 IB#[30]7E VSMC 365 . TR RIEREEMEH . 226 D BTt
7~ tRF-His-GTG-037 A ftiEd cAMP {5518 # . AMPK {55 8B RAF/EA, (HEARNLH] 7 Zhl i it — 51
SEBGSRAIE S o

Zx F PR, tRF-His-GTG-037 ££ VSMC F R ik /K38 m, FIHEfEA T Racl. TFPI. CYP1BI1.
TWIST1 S5 5E R AR IS cAMP 5 5l E . AMPK 5 5l B8 /£ VSMC KAl R R AR, 308 itk
— G W VSMC AL R AL S 458 10 %
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HZRISZ4#[2021]08 5).

SE

(1]

(2]

(7]

(8]

Louis, S.F. and Zahradka, P. (2010) Vascular Smooth Muscle Cell Motility: From Migration to Invasion. Experimental
& Clinical Cardiology, 15, ¢75-¢85.

Rossi, G.P., Cavallin, M., Belloni, A.S., et al. (2002) Aortic Smooth Muscle Cell Phenotypic Modulation and Fibrillar
Collagen Deposition in Angiotensin II-Dependent Hypertension. Cardiovascular Research, 55, 178-189.
https://doi.org/10.1016/S0008-6363(02)00400-5

Basatemur, G.L., Jorgensen, H.F., Clarke, M.C.H., et al. (2019) Vascular Smooth Muscle Cells in Atherosclerosis.
Nature Reviews Cardiology, 16, 727-744. https://doi.org/10.1038/s41569-019-0227-9

Aherrahrou, R., Guo, L., Nagraj, V.P., et al. (2020) Genetic Regulation of Atherosclerosis-Relevant Phenotypes in
Human Vascular Smooth Muscle Cells. Circulation Research, 127, 1552-1565.
https://doi.org/10.1161/CIRCRESAHA.120.317415

Satoh, K., Satoh, T., Kikuchi, N., et al. (2014) Basigin Mediates Pulmonary Hypertension by Promoting Inflammation
and Vascular Smooth Muscle Cell Proliferation. Circulation Research, 115, 738-750.
https://doi.org/10.1161/CIRCRESAHA.115.304563

Clement, M., Chappell, J., Raffort, J., et al. (2019) Vascular Smooth Muscle Cell Plasticity and Autophagy in Dissect-
ing Aortic Aneurysms. Arteriosclerosis, Thrombosis, and Vascular Biology, 39, 1149-1159.
https://doi.org/10.1161/ATVBAHA.118.311727

Bkaily, G., Abou Abdallah, N., Simon, Y., et al. (2021) Vascular Smooth Muscle Remodeling in Health and Disease.
Canadian Journal of Physiology and Pharmacology, 99, 171-178. https://doi.org/10.1139/cjpp-2020-0399

Chen, Q., Zhang, X., Shi, J., et al. (2021) Origins and Evolving Functionalities of tRNA-Derived Small RNAs. Trends
in Biochemical Sciences, 46, 790-804. https://doi.org/10.1016/j.tibs.2021.05.001

Chu, X., He, C., Sang, B., et al. (2022) Transfer RNAs-Derived Small RNAs and Their Application Potential in Mul-
tiple Diseases. Frontiers in Cell and Developmental Biology, 10, Article ID: 954431.
https://doi.org/10.3389/fcell.2022.95443 1

Iso, Y., Usui, S., Toyoda, M., et al. (2018) Bone Marrow-Derived Mesenchymal Stem Cells Inhibit Vascular Smooth
Muscle Cell Proliferation and Neointimal Hyperplasia after Arterial Injury in Rats. Biochemistry and Biophysics Re-
ports, 16, 79-87. https://doi.org/10.1016/j.bbrep.2018.10.001

Livak, K.J. and Schmittgen, T.D. (2001) Analysis of Relative Gene Expression Data Using Real-Time Quantitative
PCR and the 2(-Delta Delta C(T)) Method. Methods, 25, 402-408. https://doi.org/10.1006/meth.2001.1262

Enright, A.J., John, B., Gaul, U., et al. (2003) MicroRNA Targets in Drosophila. Genome Biology, 5, R1.
https://doi.org/10.1186/gb-2003-5-1-r1

Pasquinelli, A.E. (2012) MicroRNAs and Their Targets: Recognition, Regulation and an Emerging Reciprocal Rela-
tionship. Nature Reviews Genetics, 13, 271-282. https://doi.org/10.1038/nrg3162

Salloum, G., Jaafar, L. and EI-Sibai, M. (2020) Rho A and Racl: Antagonists Moving Forward. Tissue and Cell, 65,
Article ID: 101364. https://doi.org/10.1016/].tice.2020.101364

Ashino, T., Kohno, T., Sudhahar, V., et al. (2018) Copper Transporter ATP7A Interacts with IQGAP1, a Racl Binding
Scaffolding Protein: Role in PDGF-Induced VSMC Migration and Vascular Remodeling. American Journal of Physi-
ology-Cell Physiology, 315, C850-C862. https://doi.org/10.1152/ajpcell.00230.2018

SFHPY, ZEHE, 3R, S5 TFPL Kk (R Geoxt M- LA e o 4 i T 2 A iR 0], o 3l kR A 2% 2,
2015, 23(8): 769-773.

Fu, Y., Ma, D., Liu, Y., et al. (2015) Tissue Factor Pathway Inhibitor Gene Transfer Prevents Vascular Smooth Muscle
Cell Proliferation by Interfering with the MCP-3/CCR2 Pathway. Laboratory Investigation, 95, 1246-1257.
https://doi.org/10.1038/labinvest.2015.106

Mukherjee, K., Song, C.Y., Estes, A.M., et al. (2018) Cytochrome P450 1B1 Is Critical for Neointimal Growth in
Wire-Injured Carotid Artery of Male Mice. Journal of the American Heart Association, 7, €010065.
https://doi.org/10.1161/JAHA.118.010065

DOI: 10.12677/hjbm.2023.132022 197 LR 2


https://doi.org/10.12677/hjbm.2023.132022
https://doi.org/10.1016/S0008-6363(02)00400-5
https://doi.org/10.1038/s41569-019-0227-9
https://doi.org/10.1161/CIRCRESAHA.120.317415
https://doi.org/10.1161/CIRCRESAHA.115.304563
https://doi.org/10.1161/ATVBAHA.118.311727
https://doi.org/10.1139/cjpp-2020-0399
https://doi.org/10.1016/j.tibs.2021.05.001
https://doi.org/10.3389/fcell.2022.954431
https://doi.org/10.1016/j.bbrep.2018.10.001
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1186/gb-2003-5-1-r1
https://doi.org/10.1038/nrg3162
https://doi.org/10.1016/j.tice.2020.101364
https://doi.org/10.1152/ajpcell.00230.2018
https://doi.org/10.1038/labinvest.2015.106
https://doi.org/10.1161/JAHA.118.010065

i 5

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Zhang, J., Guo, J.R., Wu, X.L., et al. (2021) TWIST! Induces Phenotypic Switching of Vascular Smooth Muscle Cells
by Downregulating p68 and microRNA-143/145. FEBS Open Bio, 11, 932-943.
https://doi.org/10.1002/2211-5463.13092

Wang, S., Luo, Z., Yuan, L., et al. (2022) tRNA-Derived Small RNAs: Novel Insights into the Pathogenesis and
Treatment of Cardiovascular Diseases. Journal of Cardiovascular Translational Research.
https://doi.org/10.1007/s12265-022-10322-0

Wang, J., Han, B., Yi, Y., ef al. (2021) Expression Profiles and Functional Analysis of Plasma tRNA-Derived Small
RNAs in Children with Fulminant Myocarditis. Epigenomics, 13, 1057-1075. https://doi.org/10.2217/epi-2021-0109

Yang, Z.Y., Li, P.F., Li, Z.Q., et al. (2021) Altered Expression of Transfer-RNA-Derived Small RNAs in Human with
Rheumatic Heart Disease. Frontiers in Cardiovascular Medicine, 8, Article ID: 716716.
https://doi.org/10.3389/fcvm.2021.716716

Liu, W, Liu, Y., Pan, Z., et al. (2020) Systematic Analysis of tRNA-Derived Small RNAs Discloses New Therapeutic
Targets of Caloric Restriction in Myocardial Ischemic Rats. Frontiers in Cell and Developmental Biology, 8, Article
ID: 568116. https://doi.org/10.3389/fcell.2020.568116

He, X., Yang, Y., Wang, Q., ef al. (2021) Expression Profiles and Potential Roles of Transfer RNA-Derived Small
RNAs in Atherosclerosis. Journal of Cellular and Molecular Medicine, 25, 7052-7065.
https://doi.org/10.1111/jcmm.16719

Zhu, X.L., Li, T., Cao, Y., et al. (2020) tRNA-Derived Fragments tRF GInCTS [ duced by Arterial Injury Promote Vas-
cular Smooth Muscle Cell Proliferation. Molecular Therapy Nucleic Acids, 23, 603-613.
https://doi.org/10.1016/j.omtn.2020.12.010

Fu, X., He, X., Yang, Y., et al. (2021) Identification of Transfer RNA-Derived Fragments and Their Potential Roles in
Aortic Dissection. Genomics, 113, 3039-3049. https://doi.org/10.1016/j.ygeno.2021.06.039

Zong, T., Yang, Y., Lin, X., et al. (2021) 5’-tiRNA-Cys-GCA Regulates VSMC Proliferation and Phenotypic Transi-
tion by Targeting STAT4 in Aortic Dissection. Molecular Therapy Nucleic Acids, 26, 295-306.
https://doi.org/10.1016/j.omtn.2021.07.013

Zhao, J.Z., Li, Q.Y., Lin, J.J., et al. (2022) Integrated Analysis of tRNA-Derived Small RNAs in Proliferative Human

Aortic Smooth Muscle Cells. Cellular & Molecular Biology Letters, 27, 47.
https://doi.org/10.1186/s11658-022-00346-4

Smith, S.A., Newby, A.C. and Bond, M. (2019) Ending Restenosis: Inhibition of Vascular Smooth Muscle Cell Proli-
feration by cAMP. Cells, 8, 1447. https://doi.org/10.3390/cells8111447

Rodriguez, C., Muiioz, M., Contreras, C., et al. (2021) AMPK, Metabolism, and Vascular Function. FEBS Journal, 288,
3746-3771. https://doi.org/10.1111/febs.15863

DOI: 10.12677/hjbm.2023.132022 198 LR 2


https://doi.org/10.12677/hjbm.2023.132022
https://doi.org/10.1002/2211-5463.13092
https://doi.org/10.1007/s12265-022-10322-0
https://doi.org/10.2217/epi-2021-0109
https://doi.org/10.3389/fcvm.2021.716716
https://doi.org/10.3389/fcell.2020.568116
https://doi.org/10.1111/jcmm.16719
https://doi.org/10.1016/j.omtn.2020.12.010
https://doi.org/10.1016/j.ygeno.2021.06.039
https://doi.org/10.1016/j.omtn.2021.07.013
https://doi.org/10.1186/s11658-022-00346-4
https://doi.org/10.3390/cells8111447
https://doi.org/10.1111/febs.15863

	tRF-His-GTG-037在血管平滑肌细胞表型转换中的表达及生物信息学分析
	摘  要
	关键词
	Expression and Bioinformatics Analysis of tRF-His-GTG-037 in the Phenotypic Transformation of Rat Vascular Smooth Muscle Cells
	Abstract
	Keywords
	1. 前言
	2. 材料与方法
	2.1. 材料
	2.2. 方法
	2.2.1. 细胞培养
	2.2.2. 荧光定量PCR
	2.2.3. 生物信息学分析

	2.3. 统计学分析

	3. 结果
	3.1. tRF-His-GTG-037在VSMC表型转换过程中的表达
	3.2. tRF-His-GTG-037靶基因预测
	3.3. tRF-His-GTG-037靶基因的GO分析
	3.4. tRF-His-GTG-037靶基因的通路分析

	4. 讨论
	基金项目
	参考文献

