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Abstract

As an important member of the microRNA (miRNA) family, miR-29a-3p has attracted much atten-
tion in the study of malignant tumors in recent years. A large number of studies have shown that
miR-29a-3p is abnormally expressed in a variety of malignant tumors and can affect the occurrence
and development of tumor cells by targeting multiple key genes such as IGF-1, PTEN, and Robo1,
regulating classic signaling pathways such as PI3K/AKT, Wnt/f-catenin, and NF-kB. In addition, the
expression of miR-29a-3p is also regulated by a variety of ceRNA molecules (such as IncRNA H19
and IncRNA SNHG17). In terms of clinical application, miR-29a-3p shows good application potential
in the early diagnosis, prognosis evaluation, and prediction of radiotherapy sensitivity of tumors.
This article reviews the mechanism of action and clinical application of miR-29a-3p in the occur-
rence and development of malignant tumors, providing sufficient theoretical basis and new direc-
tions for it as a potential tumor biomarker and therapeutic target.
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1. 87

A2 microRNA (miRNA)F %1 = B0 4 T AE4i i RNA [ & FEAMNE T X3, LA pre-mRNA ] 4
BT, TS SRR SRR, EAEMR A R IEEANRTEACKIVE I [1] (2] B JAE A0 24 1)
$EiE, miRNA S9iE 2 [ AT 7345 SEINR N o BEFE R, FEANIRISE AL 8T o miRNA H)FRIBAF1E
EZER, BRSO B DN R e R R A L R AR RS R A AR . HAT, miRNA A2
TE R 12 R TS PRAL IR AR £, miRNA J73: B AR IR PR A HR R I B 71(3]-[5]-

miR-29a-3p /& miR-29 FJEF I — i, LT A7 Sfk -, HFH Lagos-Quintana £5 N\ K IN[6]
[7]. it 5K mRNA 1 3-FEBI 1R X (3-UTR)SE &S SR W) & Fh AR B RE , 6045 155 40 i &2 s
HIIETE . TR 228 T AE SR REA M. miR-29a-3p 832 2 M BRI e, KRk
JEZAY RNA (long non-coding RNA, IncRNA). 4R RNA (circRNAS)Z5[8] [9]. A SCHEEH T I 4F R E A 4h
X miR-29a-3p HIAH KA T, B R miR-29a-3p £EBAE R & A2 % & v O FILE A Im R R, ok ok
S R RIT IR AT I RE A, BURAES) miR-29a-3p 72 I PR S b (1 S 4L

2. miR-29a-3p EME A E X RBRPHIER
2.1. ¥ B8 4 B A 5E A 2200

S P A8 B PR R A R JE AZ AT, R RSN I RS L 1228 S AR BRI SRR R . AR,
KEMFLRY, miR-29a-3p 7£ 2 HUMJE KT 12 F3E1EH . SONG 28 [ 1018 70 &K I, miR-29a-3p 7EHF
FEA AR PR ERIA, H T HH AR AN A R A . 83T TargetScan TR AI XS Y F BEbR L V24 & B »
miR-29a-3p M HAR[FEY) 1 (Robo ) B A MM . WHFRIEEHAIE, 1M Robol WESLH] @ T PIBK/AKT
S IEE MR A K, Rk, miR-29a-3p il i Robol ik 4G PIBK/AKT 15 5@ 1, &40

][l
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I A R B 5 . b AN, A WEFCAIESE PTEN XF PI3K/AKT 15 5t B A 45 /E . PTEN @ % g 40 oy —Fh
REEIMEIMEIES, HRERES ZMEEN L REDIMC, ORERRI11]. BM12]1%. RN, 16
WS 751315, PTEN MI{EFH FEA MG iE R . M, PTEN #%iEE/E N miR-29a-3p [ E Tl
B N B BE ) 785 20 SR YR R AN 5 B miR-29a-3p #E 4] PTEN FIZEIA, T 41001 e g 41
g . AL FRIAE AT BES & PI3K/AKT {5 5 18 2% .

JR 5 B AEAE KR -1 (IGF-D) AR B B FEAE KR -1 ZARAGF-1R) &M B AR, —FH IR
FIRU) IGF-1/IGF-1R A5 5 38 B 7E 2 F M (0 i 26 R0 R Je b R PGB RIS ME I [14] . FEMEFLZRIBHIFL[15]
i1, miR-29a-3p £ MMQ 1 GH3 iy KA HAK . miR-29a-3p it i IGF-1 RI&, M e 40 g
W%H; 10 IGF-1 A& A1 UE B-catenin {5518k #E—DWFARY, IGF-1 fid AW H T miR-29a-3p X}
B-catenin FIFIHIEH, #2278 miR-29a-3p/IGF-1 1] Ggidid f-catenin i B §2 M0 7L 24 M )38 5H . 7 4b,
TERHEREFC[16] [17]%, miR-29a-3p #UFE LA HE24E M) IGF-1R 4| HRIA, Fif miR-29a-3p il IGF-
TR A i) FHF 3 200 17 384 5

& IR FE 4N, miR-29a-3p % Jif e 4 B3 5 i 4 il 4 A 72 R SR [ 18] &5 LA [19] B IR [20] [21]
B2 A RIE, 2% R R IE R Gabl. RPS15A. LASP1. SNIP1 Fif. LB, 7
SEE BT FE[19]F, miR-29a-3p mimic ¥ Y4l Ex, CDK4 A1 Cyclin D1 HIZ% KV B A%, p21 1Y
RILKFF . /£ DLD-1 a4, {2971 Bax BRI Ei, $LIHT: Bel-2 FIRIE T . @i Ei RPS15A
Rk, Il T miR-29a-3p Jod Fakxd LR 20 i BAFIJE 145 B 5400 o 3 35 B miR-29a-3p X T F
T B R PR VR A5 AN =) PR AE I B I, S5 R 400 A ) ) O S A A i R — s R

MK, miR-29a-3p 385 7E 22 Pl P Fieg o J2 A0 40 P s s s 1k o AR, (AR R, 7
FELCHRERR A B IR, miR-29a-3p EI L H (L BN A S A 34 o X R RCE TR /E F 2 B miR-29a-3p 7
ANTRIZE B bR AN FRRE o TR N BR L LR A D22 8, AR SR I % miR-29a-3p 4% M4 (1) &R 4t
WHIT, 256 A7 SR AR R HAEA F RS O EH 25, i 3P s 5 I R Akt —
AIGIEH D) REHL ] 5 R 77 .

2.2. MMEAREBNRETM

b % - 8] JF %4k (Epithelial-mesenchymal transition, EMT) /2 it 83 4 i 3R 1545 28 1t AT 7% BE ) o< it
o, HAEERI bR ZA g ) &Rz, #AR N BA R A . XU 23] kM, dF
15 miR-29a-3p AJ .3 F il E-cadherin 1%, 1| N-cadherin #l Vimentin [F)581%, M| EMT i #2.
1 miR-29a-3p PUTERES, 1XL6orFRIGEHMIR, TR R LR A CBIEM . A, Bk
HeEBEARICIEIESE, Quaking A& miR-29a-3p [ E H#E &1, miR-29a-3p i#id 454 Quaking mRNA 1] 3'-UTR
] T Quaking IFKIE. HHULHEN, miR-29a-3p AIAEIEIL T Quaking A K52 M VH iR I A% 28 11 98 41 i
(1) EMT iR, S 230k s 4 (T A R4 22 . B2F1 J2& E2F #Es AT M 2 —,  LE45 ) 24 e J 141
A SR EMT R rp 3 s o8 A ([24]) . 1 RIX miR-29a-3p 7] Fif] E2F1 HI3RIE, #f] T
CircFGFR3 i 31k Bt 7 R4 3 B AT # B8 J1 . oo FHLHI AT BE 24 T CircFGFR3 X} Bl 846 41 ffd
EMT SREFGESIEM . FFE, 76'5% A0 25 ] P HHHIESS, miR-29a-3p X} E2F1 HA R /EH I H
P B M KR @I Transwell /2285256 3 — P I01FE T miR-29a-3p 7£ EMT #filH H 2, 18R
FLmd f iR E2F 1 BRI 4 a2 B 4k

miR-29a-3p A & B A WM. fEAE/ Ntz 261+, M T X4, AS49. H1299 F1 H460 4 A
miR-29a-3p HIRIEBMK. KIRAESLIH Transwell 1278990 1ESE, Rk miR-29a-3p P ¢ HE 8 40 i 7Y
TR ZE. #— P 5ERI, miR-29a-3p 5 Wnt/B-catenin i 5% UIFHIC . Wnt/B-catenin I8 #%42& —FAH

DOI: 10.12677/jcpm.2025.43334 201 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43334

RATEN 5

WHRSE A RS, TEAS R A g o ok 355 1 s sl M /B FH[27]. 7 miR-29a-3p {# Wnt3a Al S-catenin [
BARIEKT N, 0H]T A549 40 ) Wnt/S-catenin S . 75/ U IR SRS AE AR d1, BALB/c
RN BRE S 3 4% miR-29a-3p mimic 140, qPCR 734178 miR-29a-3p FIFRIATE/N R Dl B, s
PRFUFN AR/, FFH B T8 Wnt3a Fl S-catenin [15R1A . 1X K] miR-29a-3p FlIHLL#)IH] Wnt/B-
catenin 8 % i 25 BRI AR /NG AL At R A2 28 1 . SR, TERBREAHARIR (28], miR-29a-3p WU I H e Ji s
PEo B KRB, miR-29a-3p HAZ/EA T CTNNBIP1, SEHFKIAKF R, #—5928iEsE, CTNNBIPI
5 Wnt/f-catenin 15 5B Uk . HAEDN, miR-29a-3p JEiLH0%] CTNNBIP1 (KA, kX4 Wnt/g-
catenin 3@ FIOFNHIVE A, AT Zm B, (2Rl BRA0 MR AR K iR 5 1R 28

miR-292a-3P 5 NF-kB {5 5 18 #% 2 [A] I A7 1E 55 %5 (1) £ 1) 4% 50 2R o 78 ORI L SR i 72 (2917, miR-
29a-3p FHLH A AR . WEC R, OTUB2 4 miR-29a-3p [ B, OTUB2 @i /5 NF-«xB
=5 TRAF6 iz %1k, ff TRAF6 4 TRk . 24 OTUB2 #imEH, AEMAIL miR-29a-3p it 3R
IEFTPE A U AN . R, miR-29a-3p il ik $E 4] OTUB2, filalifl#% TRAF6/NF-«xB jfi, k%]
Pt FERR AR L S TR e 200 MG BRI 22 AR FH o 2 ABL I TR 2 ML A1) 7 =l /D 4 P i g 5 AR B[ 9], miR-29a-
3p AR AHE NKIRAS2 ik . @{f miR-29a-3p J5, NKIRAS2 FKiAERE [, T kBB KF R, [F
I p65 KTV T, TS NF-«B {5 5@ e, ek iR g0 o e it 72 .

miR-29a-3p St F% AR 22 30 A FH 76 B BREE [ 301« R A1 Bidea [3 1]t A 4R . 175 53 A 2, miR-29a-
3p X RS I8 S AR AU R TR MR 28 5T, 7R A AR Py BE v R R R A AR .
B, JE/NAARAEO]. PR, TEARSKRIF TR — P AT miR-29a-3p A ZUF T ERIENLS], IR AR
R G HARK 7 ROl % 2 W EAEM S . 8l R A 2 2 ORI R I DR REIE, 55 71 kG e g a7
PEALHT AT

2.3. JLERATS. kiR AR

JEAER, miR-29a-3p 7542 R 240 it 0 T A Fn 9% 398 3% 7 THI (1) Dh REE T 52 B 63F » LIU S5[32] K3, it
T R TR A A T 55 2 Fih miRNA, i miR-29a-3p £ 53 I 22 A A rb (1 36 3 /K1 2 2 T
FEXHR . b seih k], ERALMCARKME T, SRIE miR-29a-3p ol & EFF TR FURAIET, Hil
AR T2 [ Bax Fik L. FUFT-E A Bel-2 N, DL HIF-1a RIE#AMH] . Bt gPCR. Western
blotting [ W 2 Bk 5 L I8 30 UF, miR-29a-3p #E [ #0] PI3K Ki&, #EiiBHEr PI3K/AKT/HIF-1a {55
W, i SRR AR T S R AR BT (331G A1 AR 34 FR A3 BRESE, miR-29a-3p 3B 4%
ENGIEOE (e S e b R e S O G

FRI| TR 4N, miR-29a-3p 78 #7150 Sk W66 T 1 [RIRE R FE G AE FH o 72 99 LB 7235, WHF5T
A D@ R SKOV3 Hil A2780 4HfiEt5 CD8 + T MR ILRE F7k BRI, SXTHRAIAHLL, CD8 + T 4/l
o PD-L1 MR EESE S . PD-L1 iS5 PD-1 454, Ml 17 T 4000, (015 MR 40 i fs DLE i 4 %
RGNRA IS, TG SRR G i % . SR1T, 2 miR-29a-3p #IHIFIALE ) SKOV3 F1 A2780 41
15 CD8 + T 4iffg L5550, KIL CD8+ T #Hffarh PD-L1 (k0D , RN T 4 TRt . X%
B miR-29a-3p (1) 1 0] DA R4 i) O S0 40 B Y S bk i B2 o A, 7ERHERF FE[16] [17]%, miR-29a-
3p I EE F 6] IGF-1R, Al Ei#aib R T CCLS ik CCL5S B2k CD8 + T 40l = 4 S AL Al
SE I ThEE, WL R, CCLS RiaTHE 5B H AWK EZEVIMI, #—5HR miR-29a-3p 7E i
PR G 5 SR B R VB AEAE

RSB, miR-29a-3p 3@ VA FI R UL AR AO@ B, 40 PTEN. IGF-1. PI3K/AKT &% .
Wnt % NF-xB @, X740 B A 2247 = A sg i, IX it — B 9T miR-29a-3p 5 HAh
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I8 2 18] B 73T LA SR SR A0 R AME S o SRT,  JCSZ i W AR T — BT, e 2 A
AW RE . miR-29a-3p 5T AR [N ROE Bt AR GBI LA 1o

Table 1. The Regulatory Mechanism of miR-29a-3p on Downstream Target Genes and Pathways in Tumors
F= 1. miR-29a-3p 7EFJE o 3 T REEE 25 (R R I8 BE A0 VB FE AL

Target gene Tumor Regulatory effect of miR-29a-3p overexpression Literature
NKIRAS2 Non-small cell lung cancer Inhibit proliferation, migration and invasion [9]
Robol Hepatocellular carcinoma Inhibit proliferation, migration and invasion [10]
PTEN Throat cancer Inhibit proliferation, migration and invasion [13]
IGF-1 prolactinoma Inhibit proliferation [15]
IGF-1R Hepatocellular carcinoma Inhibit proliferation, migrat.ion, invasion and immune [16]

evasion

GABI1 Glioma Inhibit proliferation [18]
RPS15A Colorectal carcinoma Inhibit proliferation [19]
LASP1 Osteosarcoma Inhibit proliferation, migration and invasion [20]
SNIP1 Cervical cancer Inhibit proliferation, migration and invasion [22]
Quaking Lacrimal %ﬁg(iiniif:md cystic Inhibits EMT, migration and invasion [23]
E2F1 Ovarian cancer Inhibits EMT, migration and invasion [24]
E2F1 Clear cell renal cell carcinoma Inhibit migration and invasion [25]
Wnt/f-catenin Non-small cell lung cancer Inhibit proliferation, migration and invasion [26]
CTNNBIP1 Ameloblastoma Promote migration and invasion [28]
OTUB2 Papillary thyroid cancer Inhibit proliferation, migration and invasion [29]
CIQTNF6 Lung adenocarcinoma Inhibit proliferation, migration and invasion [30]
JARID2 Prostate cancer Inhibit proliferation, migration and invasion [31]
PI3K Glioma Inhibit proliferation; Promote apoptosis [32]
HDGF Liver cancer Inhibit proliferation; Promote apoptosis [33]
SLC25A15 Prostate cancer Promote apoptosis [34]

3. miR-29a-3p HXH) ceRNA FIZMILE

s PENYE RNA (Competing endogenous rna, ceRNAs) & — 285 3¢ J5 72 414 1% miRNA W4T
(IncRNA . circRNA %5), EA A miRNA % 0 (MicroRNA Response Element, MRE), i i
ceRNA/miRNA/mRNA $1Z 5 i (1) 2 F A ) F2(36] [37]. FEMERTE FT[38]7, IncRNA H19 B iESE 7]
T8I AR HLE BT miR-29a-3p, AR5 L U EE R COL1AL HIRIE . SKER B, @ik IncRNA H19
5{ COL1AL, BUdFRIA miR-29a-3p 35 A] 34 40 il 40 i3 5, Gamanfughpee y, JF LR Eo
p53 Mk, TMAE miR-29a-3p RIEHANHI I KT, UK IncRNA H19 R 35310 5 o H 5 0k BT 3 80w
WMERAL

HBE T — PP R I AR P A T, s S L R EIE TA R N s T R AR &,
M fil R = RBRIGIN(TCAVH R R AR L B FL ISR 4E, AT 5 B I Th RERRAS S5 48 T . XTIAO 25[39]7ERT
FLEHIAHSEER GCSH B &I, miR-29a-3p FIYE N AT AR H GCSH 1 7E LIl miRNA, I HTER]

DOI: 10.12677/jcpm.2025.43334 203 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43334

RATEN 5

H i e T R IR . BT R I, IncRNA SNHG17 78 5 /) il v 2 5 5 ik, wJRE A
HILEIhfE. WL IncRNA - miRNA - mRNA ceRNA W%, #f70K I IncRNA SNHG17 AJ #5457
ML Bt miR-29a-3p, M fif b FL X B0 T2 S B 3 K] GCSH ffi] iR 45 2715, IncRNA SNHG17/miR-
29a-3p/GCSH 4 1 71 51 R B Hh T 75 FO AR BE T AH ¢ ceRNA B, 45 S N A1 R B9 1096 7 R TR S (L
(R R R SENE o Al A ceRNA #2475 A IR R 7R 408, I pT AR (401 FLARIE(41] JiF
RESAMOIRI[42]55, X HE7R ceRNA HLHIFE 2 Fh IR 1) miRNA W$a 4 & B 3% 18wk

REHRTCAH 21 ceRNA JRFEH R, (K2 50 50 0E B IERSN MK, XFF ceRNA i#5
FE A BRI B AR RN AR M I IR AT A E R Z R FE . B Ah, ceRNA PR H
HEVREME . 5 HAWE 5 WA B2 O HLHIIR A B iR R, KRR & Ry JFEA 4472
THEEFE N 2B AR, 7R ceRNA 75 MR SRS o 1 AE F B LR IR I8 77

4. miR-29a-3p SHIERYIRK R A
4.1. miR-29a-3p {E A4 YIHRE

FE R MR B FE[43 ], @I b 40 6~ R 2R AR R 2 2R A4S, K miR-29a-3p 7E A ZH 21
G R IA K 52w T MR 241, ROC 2k /04T k7R, miRNA-29a-3p +Ki67 + Ecadherin ] ROC
22 FHFAUC)HN 0.659, 95% CI 4 0.49 ~0.829, AHX T ELAAL M Ki67 F1 E-cadherin K5, 4 RETH 22
EpEw, SRR HAEVEAL T R A TS 5 T A B IR R R AME . BFF 259301 T miR-29a-
3p 5 WS IG AR ERE R SR, KL miR-29a-3p FIA/KF5 T W & s /Ny g 23 3L isg oy
TOFERE - ARG 2 R R K AEAFI TR 2 65, (A, miR-29a-3p £ 52 oA MR T8 72 1 Jr e 26 b 2540
TE 57— 0 R I e [44])9F, BEFN BRI, To U dE 2t 3220, miR-29a-3p &5 Cde42 mRNA £
ERAMK, B RZ AR, ERREEAL T, Cded2 MRIEH B, 1M miR-29a-3p £ F i
. IbAk, Cded2 mRNA 7RI, TRV RE &R E S TUH, I HBEIERRES 1k R iz i 1
e fEHMREERERER FHEES, miR-29a-3p FIFREKFIH BT EMKEEEZ B FE, HRIAKF
BEIG AR S R R 2 N R . Bl miR-29a-3p 5 Cdcd42 mRNA HIBE S0 Hr4a BT WA 1 e 12 I fi
YR, RRATHON NIRRT E S W E AR S . B EIREF T4, miR-29a-3p RIAE N TEAE R L Mk
Y ER M AR O R [45]. FHE[40]. SERER D MLK[47]. Gl (48] 55 A AH G IE .

4.2. miR-292-3p STHFTEUR MR

JET HEPT— B AR S VA 7 Jek R o e AR e ) A R — o 7 RO [49] KB, CNE-2R
Y A miR-29a-3p FKIEK K. i FRIE miR-29a-3p AJ 5 25 HE = S M e i 245 40 A X H 25 4 5 (ionizing radi-
ation, TR)FIBBUEYE, 2@ MR TR . &ill, JIANG ZE[S01WF 70K, ADAMI2 fIZRIE/K T2k
RS E B TR, EIHE BRI ERBE. 11 ADAMI2 A 5 B G BaRgi gy . T8, M
YU IR S, FTLABES ADAMI2 ik i, iR 40 pse x0T i BUse v FRAR . SR 78 R BH
miR-29a-3p % ADAMI12 EA¥EEME . 24 miR-29a-3p i FIA N, L ¥ A6 ADAMI2 KIKIE, {1
s SR 240 B 0T TS0 I BBURR PR AS B3 5, A RBAR YT VRIT AR . 2, miR-29a-3p 5HUT RSB 5T
NARSKTT KA R T 52 T I .

5. RE

METE TS TE H, ARSI A, miR-29a-3p HIRIE/KPHEAEREZEZER . B SR NS
FI{ES3EEE, 0 PTEN. IGF-1. PI3K/AKT & . Wnt JBEE. NF-«B IBAEREE, e guiu i) 2By
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WA, COIEMERTE. TR, R, T RERAR. XS IUNIR N TR R A AR R L SR At T
TR, FENARRMR KB R TT 54 TR R .

FERESE T IR R, — S0 20 e i % ol 26 3 T~ B D LIRE 16T 5 S A T, AT 3 BUR T T
LGVEANREAE R A o HT AU BRI AU T P SRR R THRSE T A ROV AE ceRNA 4%, X NEE— P IRR TS
FEAN TSR T O I, RO BT SR R AN LA N BRBE T . XUBRBE TS5 Y ceRNA P2 it T
Lo JRE ceRNA HLH| LR 2 7 Z MW T, EVRAAEFZH0ER, WER IR ceRNA P2 5C
BEEL T LA AENT ceRNA PZELEAN R SRR (A2 405 . DRI, ARCRAT B LT AT 97T, — Fl
FI A B PP R 4B 7R ceRNA MR FE AN IR IERE PRI ZE R . TFAORTAISEIEORIE R ceRNA 2%
MIRIEHLE] = #RR ceRNA MIZRAEZIR 12 WA 7 P AE R, JF AR BE ) ceRNA 2% (11377 -

VRN — P A BBt A= 0 bn 354, AE B ) 2 Wy FUS PPAl DL 5T ke E BT BB 3L, X
A R SR (A AR AR T RCR BT IR R AR E . 2881 H, miR-29a-3p HIIRAWFFA
AT BT8R IR R AR R LR, 3B R R AR YT SRS SEOE 13T 1 S A5 )

E&WE

OF T E AU R TR (9T . 2022YXNS077), TR A B 2 IR R IR H B E RIS
JYGC2021FKJ005).
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