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Abstract

p53 up-regulated modulator of apoptosis (PUMA) plays an important role in the development of
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many diseases. Its regulatory mechanisms include transcriptional regulation (p53-dependent/
non-dependent pathway) and post-translational phosphorylation. The discovery of related mi-
croRNA-PUMa signaling pathway not only provides a new basis for the treatment of neoplastic
diseases, but also provides a new idea for the treatment of many non-neoplastic diseases: for
example, senile acute myocardial infarction, heart valvular disease, neuronal degeneration,
blood-brain barrier and other diseases have made new breakthroughs in recent years, and are
even expected to become new predictive molecules of diseases. In this paper, the findings of mi-
croRNA-PUMA related pathways in non-neoplastic diseases in recent years are reviewed.
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1. 51§

PUMA J& T BH3-only K%, A Bcl-2 Kk 7 2 —[1], Al LLERE p53 MM AR/ i& 1215 S:41 iR
T2, X T2 AR e 1 1A% T 2 A Y RS AR s I 4E RS 5 4 EZE I /E L - microRNA S—259E4m65 RNA,
o3 T8 KNS, microRNA 1] DLEE )/ F mRNA DLRH 1E#9 36 55 B4 mRNA I8 2 BHIE B AR 2T I K.
S BT R L PUMA A5 RNA (microRNA, miRNA) (78 76 88 3L PR, (52 b il Bk A %2
MUHIR IS 2. FAE 2010 F9RFR )55 LRI, 75 U251 A58 40 A o i e ) X minR-221/222
J& PUMA & &SN, i T & e BCL-2 H1BI R TR, 123 AR o8 4 A 8 1 LA B30 i g 11
YEF . T Liu [S15ERFFURIL, 7EH % miR-222 $il 77 i) 4 i bk (HepG2)  Ei T PUMA IRk, #
M&E2Z, MiR-222 FRIEL T PUMA (18 BRI AR T, AR R A, g
PSRRI IR RE TOBig e . BB R Z S EHFEIIRN, K IL microRNA-PUMA 15 5 6 75 i il 83 14 7%
P S+ EEER, X H AP EHE miR-222/221/222-3p/183-3p 5 PUMA 2515 538 4 76 AH S 0w
HAR BT FUIESE, BRSO L microRNA-PUMA {55 58 2% 75 g PR Hh 1R 50 Rl AR AT AR

[ S

—ZRiR .

2. PUMA &¥351hie

PUMA JE Kl 502 T 2001 4 R I, 1% LA A Hm KR TR 1268 ), Rt Hegmbs i =) i 44 4
PUMA BJJ p53 1E [ 4 o 7 13 #% K] -(p53 up-regulated modulator of apoptosis protein, PUMA), >4 p53 4]
ok, (HRTLASZIE ps3 MEERIATI[4]. PUMA M4mid =44 PUMAa. B+ y- . Pumay. § AEA
BH3 &M ARG FE ST IR . WAL A AR IE 121842 £ 25 bel-2 i42[3]. bel-2 SGARE H 40 o
S5k, DhRe ] DA N PiE RN s . TSRS A A BH-3 Z5 ) 3 AMIEAL, iX 3 ANIE
RILEHAT AR T2 2% E E - A IhREARH][5]. PUMA NRAN S BH-3 SRR T 2R 1, T bUE
p53 MK 2/ p53 MR RN FAMIE T, (HE A G| K I T IiE SR s S 38 B 2 AR [ 1 o AR A2
1) 454 £ PUMA 156 141~149 (2 LR AL 1 RE T BHL. BH2. BH3 25438 b s /K WA AHZS A 1) o-
WRELE N, 4G R R ReMbR BCL-2 AldIER], HUUR e ERBUS TN H Bax [6]. 2) Efi:
PUMA AR T DI RE R AT SR (8 /2 IE#fE AL T Aehifl, 5 PR R T0ENE, PUMA € AL D REAHCRI L
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C K5 151~193 R IERFF[7]. 3) Witk LBEOASE R F: 1455 0 BRI B AT R VG A I 120N 2
H Bax/Bak. Bax. Bak 7E i A4 ME Fb IE6f 247, T AR 125 3l T8 0 R RHE N T 2ok A e a5 1k
HET kA rPoB R R T RIAA 2 T30 AR C. Smac/DIABLO 253k N 40 A i b R A5 T-1E I [8].

3. microRNA &3 51Ihie

microRNA & —2K K4 22 MEZFFRR A A AEHRID B48E RNA 207, ZFT L TR IE T s i
JERHE 3% PolyA B4 H) LATE 1~2 MFEAR L. microRNA |2 /28 T HAZ AWt WAEE TR
f2H[9]. microRNA [ITE Rk s & i N, iz sSIiuAdfe . Bk an R 1) #3%: £ RNA
BEHE N ES T, microRNA JE K # 5% 4 i microRNA R 44 (pri-microRNA), s BB A% R 7 41
FERTLA s 2) nT: 78 RNaselll &% N VIEE f 3t DGCRS & I M & &R /EFH F¥ pri-microRNA
TN RCK 2 70~100 MZ AR FEF1 G pri-microRNA [10]. LA A5 BRI 7R FLE AN o A 58 i 3)
Hiz. KEZ 70~100 MZERRFAK pri-microRNA £ RNA E[ - =B8R S H 454 Y(RAN-GTP) Al
exportin-5 FiZ EMMHE A, HAEBTIHFE GTP; 4) BiU): 7E4HBESE M, pri-microRNA %R Dicer
BIY). fREBEAEIE . PR R microRNA. #k B ATHTFE K microRNA FH1E MRNA 8035 4 i
MRNA H =Fi&f2: 1) microRNA 5 mRNA B TERRCN, TERA 564 B ANME & DLH mRNA #3
I FE, X mRNA e tELm . 2) microRNA T-#1 mRNA 584 B AMNE S, mRNA #i5¢ &% i, 3)
microRNA T8 mRNA 152 564 AN A7, (R4 R IH mRNA, TERBCANF 7§ K/ 1%
IR A B ¥4, microRNA 7] LR 60%1) & A 4w FE A [11].

4. PUMA 5 microRNA

IEGIRTTH AR, microRNA 3= BE & m i #81a 255 mRNA B 1) 3-JERI3E X (3-UTR)FHIE B
R mRNA, M BHETEE3E H bR TR A, F-7E 2008 4F, Choy [12]45:8F 70 & 8L, PUMA /& mir-BART5
(IHE AT, PUMA B/ 3-UTR EAEAE mir-BARTS 15 X ELEE A 77 PUMA & [ 3R 1A BHRPTIH T2 1)
1, NBRIRIIRA . RIEMZGBERSAL T #rig s, AR SCHI 4K % T microRNA-PUMA 155l
PR AE R SR M R T T SR A — 25k .

5. microRNA-PUMA 5B 5iEME 1t &R
5.1. iLIMERRH

O IE SR —HE A m IR ARYES R, O SRIIL, FRET S0 o0 ) S i B O U 1)
S5 DIRe . FHEM[IS)EU R, MR EES T I LUL4E i (Human cardiomyocyte, HCM)
H, RRIDEE G miR-370 IS, FIFH MTT A1 Annexin V/PI A0 AR T2k 56 2 B, miR-370 fi#&iA ]
2 EFEAIC HCM BT T2 (P < 0.05, 5 FRLARGHR A IR O JULAH AR L) o 10— 2B A MBI 70 R IR, #2311k miR-370
f) HCM 1, Western blot #:J1% Bl#] p-PI3K. p-AKT f#)3ik )52 B4 (P < 0.05, 5 B4l k& .0 L4
MIAREE) . EARZSLI A BRI PUMA ARG E, (H2AFEEUE] T miR-370 7.0 ILAHH3Z 5kt
AFEZIAL ORI IIYE T2, H PISK-AKT {5518 -5 PUMA 3R IE % UIAH ¢ o IR b J5 2R 56 T LA In PUMA
HE BRI FHRE 14150 TR I, A CoNEIR LT v, 95 A A 0] Bl A e 1) O I 4H 23 PUMA
& EE TR . N T HE— PR PUMA RS S, 20T 508 miRNA 0 G 22 00 I I R 41
Wb, &I miR-15a §)& & B 2K T X HB4L(P < 0.05), #RJ5F]FH Western blot #:ill & 31 PUMA & /K F
BE EFH(P < 0.05). [RILAE LA AIE R i miR-15a [Rik, w] LARRMR.CoLAn 5145, 98D B2 RE 2%
ONEFIRI AR A K. Yin [15]55 H G ER sy kel 2 4= S itk O U AE & 5 (Acute myocardial infarction,
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AMI) AFasE PE G S (unstable angina UA) FIME BE 2 4E N IILIE H miR-214 [ 3E 7K1 7371 4 15.79 + 4.66.
4.60 £ 2.51, 2.07 £ 0.99, %4 1A] A 2 F 34 Giit 27 (P < 0.05). #RJE I H 0, H AT 1 ST H1E
FAEFE HCM, 25 miR-214 B4, KL HCM P41 8] BAK T B MR IR 41(P < 0.05), o2 iE B
7 miR-214 7] LA PUMA ({23, #E—25 DL western blot #6:3ll miR-214 ik %} HCM 1 PUMA {5400,
RILPUMA [ & N 63.64% (P < 0.05). ITHK, A2 HIWTFE R miIRNAPUMA Hih7EOx I 5 i i
FHERBEEH, HZAEN SO H AR ORI S0 T 1

5.2. BEER%

1 ZUPE IR (TID) & —Fh B & e M, Rk 2 fIESE TID MR AE. KIES miRNA, HT:45F
FEYIMI. Tian [16]55EH T 48 H/NRUK oy Jyxf REAH RIS 20, WSR2 5 K 1)/ SRR IS N 1 G
IR R R P55 TAD #1505 P RT-qPCR HARK I T1D ZH /)N 5L i R figé s 4 i 2 7= miR-150
FIE NP <0.05, HXIREAAHLL). [ F A A ilEe e iE 7 NF-kB P65 G5 miR-150 B8 F454, i
NF-kB P65 £ 41 it miR-150 ()& 4L e FH fwc ik, [RIUtk NF-kB (1) 1A BE 83 5 miR-150 315 i,
T 2% S8 () 9% ' 2 R 1 JE K A &5 SRt R ] PUMA & miR-150 F¥EER], miR-150 w] LLE i 44
PUMA i) T1D 5 5 (1 &5 A g 4HAYE T2 Guo [17]%5 3 HlIEHL T T1D. T2D Fifg Xt HE 4 78, 46, 56
i, [FFELL RT-qPCR HEAA I Fik = 2H 1) 40 J SR AZ 4R B 1 miRNA fERIE7KF, &3 miR-150 £ T1D
H RIS KR T T2D KA FEXTIRZH(P < 0.05), XPE MIBFFL L R —3m, Waasuiil 7 TID Mk
45 miR-150. PUMA 3R 1A /& % VA 51

5.3. IEEFEMEIETR

A A5 M I 5 P97 (nonalcoholic fatty liver disease, NAFLD) A —Ff 22 Kl 24 F R B -4 o g 5 e A8 e
R 24 55 P I D AR AR AT i PS5 B9 . Cazanave [18]45HF 7% &K Il miR-296-5p 7] LAZE NAFLD 4 [t
P PUMA, B 28400 1R FH T HLAHT R 3 PUMA mRNA ] 3-UTR H{E1E miR-296-5p (197 445 & 17 14,
7E 38 3% miR-296-5p 71k J5 7] BRI AT M PUMA A& &, K2, PUMA A& EHET 5,
Bl PUMA mRNA [J3iX 5 miR-296-5p £ fii#H>%<(person #15¢, r=0.30, P <0.05), [FI4¥FERAGI HHiF 52
7 PUMA 3-UTR s& miR-296-5p ] B 5L £, 1ZSEEIETESE 7 PUMA mRNA & miR-296-5p ) B H5E £ .
Yang [19]4 75 &< 3 miR-29a 7£ NAFLD 4 fifd i 2528 J5 m A/ 1L-6 1)k NTT98AR 1 FHEAE 45349 1Y) 98 A
FERE, (2 ZH 73 RN PUMA & 217481k, £ NAFLD 5 A% microRNA 2 5H 4. KE, H
72 HHT A 1 microRNA-PUMA 15 538 B8 7E 6 50 T IR AH S FE /b
5.4. A TTIRITHRE

TE 5 5 T W B S B 2 R T R, — AR B N 5 KB RERSE, B HAd 12 L s
BB PEST . Boris [201550F 70 R B, TEMENE/NRRE25Z 10Gy 71 & (1 R 5 19 30 min B miR-23a-3p 7K
RN, ME 6 h 5 PUMA IR E B, FAFE miR-23a-3p 2 AL —48% 5 Argonaute (AGO)&E
H45 A TR RNA 7% SUTERE SRk 4% PUMA mRNA, P ITF & miR-23a-3p Z-ALL4 LA 1 22 Jo 40 i
P VAT P2 TCE SR ¥ B9 B 4 55 . Sabirzhanov [211258F 77 & I miR-711 3 7] LA 32815 PUMA ()4
BAEL YRR P PR T AR, ARSEIE B L 3 N A ORI HEE /N AE NIRRT R, BL CCI FRFEIA
FESMLamimit, K0 miR-711 & 29 E B, I miR-711 _LiREMH Ang-1, 1] Ang-1 RERS
i AKT 13, BI L miR-711/Ang-U/AKT/PUMA @S RAIEFTHT-AE A, [FFE miR-711 t2& LA RISC it
BRI A AR ) ) R SO PR AR Ang-1 mRNA SEILH & &2 R HLYE 12050 ) F 2 K O SR HE R Ang-1
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17 3UTR #di A 2 pmirGLO i fi (pmir-Ang-1)H1, ¥4« miR-711 J5 24 h, 4% pmirAng-1 (4015t &
By VEBRAR, (ER LI PEXT B miR B4 . X s g JR B miR-711 13 Ang-ImRNA 1] 3'-UTR, F40
fil Ang-1 (¥ 3R 35 M ik 2 #0H PUMA 1 b 3 3w 48 oc 4 B 8 10 . Qazi [22] % 0F 7t K B
MiR-132/SIRT1/p53/PUMA I8 % 7E 1 22 Ju e i v [FI R R A A I B PR A, i SEIR o it 1 L 2.5
mm (1) MPP+ 402 (1) b ix 40 i i 37 1 A< A% (PD) B . FH qRT-PCR Al 2 30 miR-132 5 i 7] 7] & At
B, BRI WP R T, miR-132 #E AL (12 4 Wik SIRTL 3'UTR, % 1t BRI Ef# p53
LB I S5 PUMA & &RIAE I, ST,

5.5. & &ERw

IR L5 0 2 AX 2 50 HP R0 R R B R B v R 2 — , LI AR 2, R B AR 2 4E M R

MR B R 44 RAEB S . B XHZZR RGP RN TR I PUMA. miRNA 75454 ifiLfixi 57 b (1)
SEREVE . PRI B T T R T MR . 23] R I, R BRI R T A B
A% 5, UUER miR-143 Jik R R g iz AR ORI s 5 160 I o o s (R 43 A VR, 9% A N T I 7
P B2 4T L 3 531 5 G miR-143 Anti-miR-143 895 # . i %15 PUMA . PUMA-siRNA 1855 7 )& , & Bl NF-xB.
p53 M &4 AN N B B, TR TR SR ST DAYE R T Sigma-1 324K TG PIBK/AKT
F5@M, R XCAMR, PISKIAKT &5 @k rEuE et 1 STAT3 MFAZAEA, M i miR-143
& B LLAFHH] PUMA HI3ik. #—51 PUMA 5% %% 88 A (claudin-5. occludin. ZO-1)##
Z AR R, TEFE G PUMASIRN 1297 2 i Wi S i 40 i o ZO-1 /KPR % (P < 0.05), ZO-1 /K-F
(T B DR AER AL o e P e B e, AT BB AE DGR TR A R AR, IR B — URAIESE T miR-143/PUMA TE4E ¢
I o e e R AR P S 2490 1R 5 A 9 I o e 4% PR v 7 44 7B S B o Zhang [24]%5 AR KR
LAE PUMA KO /) BRI I I P 5 20 B 50 S 250/, TR S T PUMIA TE Bl i 57 Bz (1 R e o H
FETE Yan [25]55 5 F0 I PUMA REA ok DRSS Jis P9 B2 4 R 9 T DA 55 10 i e B 1 2 6 0, x5 ok
FEE RN . FEE IR PUMA TEANF 15 5@ B A R AR, PUMA BT 2I7E R 2 AR
FRTANIR o Liu [26]15509F 78 R BIULLE e 014 A H 1 K BRU(1/R S 2R) [ o 4. 43, 1) TTC e i A I & 30 miR-211
R T B R I A SRR AR AN, TIAERT miR-211 Y697 )5, I ZHZVRE AL AR A B 38 K (P < 0.05,
R Z0HT) o N T #E— PR T miR-211 J& LM Mg A2 (R 4 4 42 S 4t AL, F§ Western blot £l 7 PUMA
TEPT miR-211 AL FEZH J miR-211 B R i) PC12 AN R IRIE, 45K, BHUA T PUMA & & %
Myt miR-211 H4H i+ PUMA & &2 B BT m 1 SR E7E IR 5 20 H1H 24 /NI, # PcDNA.3-PUMA
A miR-211 B R 3] PC12 4Hfit, PUMA HIRIETKE, 7F IR ZLFRRT 24 /N K PUMASIRNA
AP miR-211 HL#EYe PC12 4Uf)5 PUMA & EFF HIKPL T miR-211 B T HHIER, Kk
miR-211 &L &3 F i PUMA L/ PC12 4R 1. Sabirzhanov [27)378%& B T miR-711 [FFE AT LLHE A
PUMA KA HIZ T 453475 . mIRNA/PUMA B 7E7E il IS i HHod g ax 2, 6 i 58 2 IRk 90
KRB, AT A B2 M A BRI P 35 4% TR T T REFTIR AR

6. HESRE

£ EPrig, miRNA HE[FE1AST PUMA JEEEVE 2 AR TEOm M R B R e il B . fEANTH]
M5 5B AFERIAE T, miRNA X PUMA KR A T 2SR, TLGRIUs ], IR RBUu
it BAARHLEA Rt — DR T

MIRNA-PUMA {5 5 3 % W] A D & 70 3F iR 1R 0 A R T R 00 B 5 22—, (EL R i s 3
MIRNA-PUMA i % [R5 1 5534 75 2w R U AU RAESE, 45 e N 7T 1), R SEBL AR I 2
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FE PRI (D IR . R I, FRAH(E miRNA-PUMA {5 Sl BRI e iE, 1EAEE
PEZI KR TT rF R A& Ja RHIIT T8 JERH K 5L 2T A1 22—, A KE I AH R AR GEBIR IR T i R BE 2 1A 2

E&WE

T AL R G050 I PR 25 2 8F 9T HH00(2019-SF-L3) .

SE K

[1]

[2]

(3]
[4]
[5]
(6]

[7]

(8]

[°]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Garrison, S.P., Phillips, D.C., Jeffers, J.R., Chipuk, J.E., Parsons, M.J., Rehg, J.E., Opferman, J.T., Green, D.R. and
Zambetti, G.P. (2012) Genetically Defining the Mechanism of Puma- and Bim-Induced Apoptosis. Cell Death & Dif-
ferentiation, 19, 642-649. https://doi.org/10.1038/cdd.2011.136

Liu, Z., Sun, J., Liu, B., et al. (2018) MiRNA-222 Promotes Liver Cancer Cell Proliferation, Migration and Invasion
and Inhibits Apoptosis by Targeting BBC3. International Journal of Molecular Medicine, 42, 141-148.
https://doi.org/10.3892/ijmm.2018.3637

Adams, J.M. and Cory, S. (2007) The Bcl-2 Apoptotic Switch in Cancer Development and Therapy. Oncogene, 26,
1324-1337. https://doi.org/10.1038/sj.0nc.1210220

Yu, J., Zhang, L., Hwang, P.M., Kinzler, K.W. and Vogelstein, B. (2001) PUMA Induces the Rapid Apoptosis of Co-
lorectal Cancer Cells. Molecular Cell, 7, 673-682. https://doi.org/10.1016/S1097-2765(01)00213-1

Adams, J.M. and Cory, S. (1998) The Bcl-2 Protein Family: Arbiters of Cell Survival. Science, 281, 1322-1326.
https://doi.org/10.1126/science.281.5381.1322

Yu, J., Wang, Z., Kinzler, KW., et al. (2003) PUMA Mediates the Apoptotic Response to p53 in Colorectal Cancer
Cells. Proceedings of the National Academy of Sciences of the United States of America, 100, 1931-1936.
https://doi.org/10.1073/pnas.2627984100

Cartron, P.F., Gallenne, T., Bougras, G., et al. (2004) The First Alpha Helix of Bax Plays a Necessary Role in Its Li-
gand-Induced Activation by the BH3-Only Proteins Bid and PUMA. Molecular Cell, 16, 807-818.
https://doi.org/10.1016/j.molcel.2004.10.028

Chipuk, J.E. and Green, D.R. (2009) PUMA Cooperates with Direct Activator Proteins to Promote Mitochondrial Out-
er Membrane Permeabilization and Apoptosis. Cell Cycle, 8, 2692-2696. https://doi.org/10.4161/cc.8.17.9412

TSP, XU, BIRZE. microRNA X4 i i 42 4E it se ik e [3]. Bl 2422 2= &, 2020, 40(8): 1781-1784.
Feng, W. and Feng, Y. (2011) MicroRNAs in Neural Cell Development and Brain Diseases. Science China (Life
Sciences), 54, 1103-1112. https://doi.org/10.1007/s11427-011-4249-8

Smirnova, L., Block, K., Sittka, A., et al. (2014) MicroRNA Profiling as Tool for in Vitro Developmental Neurotoxic-
ity Testing: The Case of Sodium Valproate. PLoS ONE, 9, €9892. https://doi.org/10.1371/journal.pone.0098892

Choy, E.Y., Siu, K.L., Kok, K.H., Lung, R.W., Tsang, C.M., To, K.F., Kwong, D.L., Tsao, S.W. and Jin, D.Y. (2008)

An Epstein-Barr Virus-Encoded microRNA Targets PUMA to Promote Host Cell Survival. Journal of Experimental
Medicine, 205, 2551-2560. https://doi.org/10.1084/jem.20072581

e, TR, j%C41R, WHE, MG, TUW, & EE. microRNA-370 X Hi4aCo LA f 8 T (S mi K FAH ¢
U FE[0]. A TR S MR 2020, 16(6): 451-455+466.

Tk, ZEF, RN, XA, GO EIRER 2R TR % R T 5 microRNA AHEAEA]. ERERAY SR
A4, 2019, 38(9): 4314-4318.

Yin, Y., Lv, L. and Wang, W. (2019) Expression of miRNA-214 in the Sera of Elderly Patients with Acute Myocardial
Infarction and Its Effect on Cardiomyocyte Apoptosis. Experimental and Therapeutic Medicine, 17, 4657-4662.
https://doi.org/10.3892/etm.2019.7464

Tian, J., Pan, W., Xu, X,, Tian, X., Zhang, M. and Hu, Q. (2020) NF-kappaB Inhibits the Occurrence of Type 1 Di-
abetes through microRNA-150-Dependent PUMA Degradation. Life Science, 255, Article ID: 117724.
https://doi.org/10.1016/.1fs.2020.117724

Wang, G.F., Gu, Y., Xu, N., Zhang, M. and Yang, T. (2018) Decreased Expression of miR-150, miR146a and miR424
in Type 1 Diabetic Patients: Association with Ongoing Islet Autoimmunity. Biochemical and Biophysical Research
Communications, 498, 382-387. https://doi.org/10.1016/j.bbrc.2017.06.196

Cazanave, S.C., Mott, J.L., EImi, N.A., Bronk, S.F., Masuoka, H.C., Charlton, M.R. and Gores, G.J. (2011) A Role for
miR-296 in the Regulation of Lipoapoptosis by Targeting PUMA.. Journal of Lipid Research, 52, 1517-1525.
https://doi.org/10.1194/jlr.M014654

DOI: 10.12677/acm.2022.121104 714 I P I 25338 2


https://doi.org/10.12677/acm.2022.121104
https://doi.org/10.1038/cdd.2011.136
https://doi.org/10.3892/ijmm.2018.3637
https://doi.org/10.1038/sj.onc.1210220
https://doi.org/10.1016/S1097-2765(01)00213-1
https://doi.org/10.1126/science.281.5381.1322
https://doi.org/10.1073/pnas.2627984100
https://doi.org/10.1016/j.molcel.2004.10.028
https://doi.org/10.4161/cc.8.17.9412
https://doi.org/10.1007/s11427-011-4249-8
https://doi.org/10.1371/journal.pone.0098892
https://doi.org/10.1084/jem.20072581
https://doi.org/10.3892/etm.2019.7464
https://doi.org/10.1016/j.lfs.2020.117724
https://doi.org/10.1016/j.bbrc.2017.06.196
https://doi.org/10.1194/jlr.M014654

HES &

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

Yang, Y.L., Kuo, H.C., Wang, F.S., et al. (2019) MicroRNA-29a Disrupts DN-MT3b to Ameliorate Diet-Induced
Non-Alcoholic Steatohepatitis in Mice. International Journal of Molecular Sciences, 20, E1499.
https://doi.org/10.3390/ijms20061499

Sabirzhanov, B., Makarevich, O., Barrett, J., Jackson, I.L., Faden, A.l. and Stoica, B.A. (2020) Down-Regulation of
miR-23a-3p Mediates Irradiation-Induced Neuronal Apoptosis. International Journal of Molecular Sciences, 21, 3695.
https://doi.org/10.3390/ijms21103695

Sabirzhanov, B., Faden, A.l., Aubrecht, T., Henry, R., Glaser, E. and Stoica, B.A. (2018) MicroRNA-711-Induced
Downregulation of Angiopoietin-1 Mediates Neuronal Cell Death. Journal of Neurotrauma, 35, 2462-2481.
https://doi.org/10.1089/neu.2017.5572

Qazi, T.J.,, Lu, J., Duru, L., Zhao, J. and Qing, H. (2021) Upregulation of mir-132 Induces Dopaminergic Neuronal
Death via Activating SIRT1/p53 Pathway. Neuroscience Letters, 740, Article I1D: 135465.
https://doi.org/10.1016/j.neulet.2020.135465

H . miR-143 7 105 7 F 58 B4 14 X RS HLHI[D]: [ 22608 30]. B At ARFIRAE, 2018.

Zhang, F., Li, Y., Tang, Z., et al. (2012) Proliferative and Survival Effects of PUMA Promote Angiogenesis. Cell Re-
ports, 22, 1272-1285. https://doi.org/10.1016/j.celrep.2012.09.023

Yan, J., Li, L., Khatibi, N.H., et al. (2011) Blood-Brain Barrier Disruption Following Subarchnoid Hemorrhage May
Be Faciliated through PUMA Induction of Endothelial Cell Apoptosis from the Endoplasmic Reticulum. Experimental
Neurology, 230, 240-247. https://doi.org/10.1016/j.expneurol.2011.04.022

Liu, W., Miao, Y., Zhang, L., Xu, X. and Luan, Q. (2020) MiR-211 Protects Cerebral Ischemia/Reperfusion Injury by
Inhibiting Cell Apoptosis. Bioengineered, 11, 189-200. https://doi.org/10.1080/21655979.2020.1729322

Sabirzhanov, B., Matyas, J., Coll-Miro, M., Yu, L.L., Faden, A.l., Stoica, B.A. and Wu, J. (2019) Inhibition of micro-

RNA-711 Limits Angiopoietin-1 and Akt Changes, Tissue Damage, and Motor Dysfunction after Contusive Spinal
Cord Injury in Mice. Cell Death & Disease, 10, Article No. 839. https://doi.org/10.1038/s41419-019-2079-y

DOI: 10.12677/acm.2022.121104 715 I P I 25338 2


https://doi.org/10.12677/acm.2022.121104
https://doi.org/10.3390/ijms20061499
https://doi.org/10.3390/ijms21103695
https://doi.org/10.1089/neu.2017.5572
https://doi.org/10.1016/j.neulet.2020.135465
https://doi.org/10.1016/j.celrep.2012.09.023
https://doi.org/10.1016/j.expneurol.2011.04.022
https://doi.org/10.1080/21655979.2020.1729322
https://doi.org/10.1038/s41419-019-2079-y

	microRNA-PUMA信号通路在非肿瘤性疾病中的研究进展
	摘  要
	关键词
	Research Progress in the Regulation of Puma Expression by microRNA in Non-Neoplastic Diseases
	Abstract
	Keywords
	1. 引言
	2. PUMA结构与功能
	3. microRNA结构与功能
	4. PUMA与microRNA
	5. microRNA-PUMA信号通路与非肿瘤性疾病
	5.1. 心血管疾病
	5.2. 糖尿病
	5.3. 非酒精性脂肪肝病
	5.4. 神经元退行性病变
	5.5. 脑血管疾病

	6. 结语与展望
	基金项目
	参考文献

