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Abstract

RUNX2 is a critical transcription factor that plays an importantrole in the initiation and progression
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of various cancers. Due to its significant impact on prognosis across multiple cancer types, RUNX2 has
garnered widespread attention as a potential biomarker for cancer. By interacting with core-binding
factor 8 (CBFB), RUNX2 enhances the regulation of target genes, promoting cancer cell proliferation,
migration, and invasion. RUNX2 also interacts with the PI3K/AKT signaling pathway, activating key
pathways involved in tumor progression. Inhibiting RUNX2 expression and function has demonstrated
potential in suppressing tumor growth and migration, as well as inducing apoptosis in cancer cells, mak-
ing it a meaningful therapeutic target in cancer treatment. Recent studies have also revealed that RUNX2
influences the tumor microenvironment and chemotherapy resistance. The development of small mol-
ecule inhibitors and targeted therapies against RUNX2 offers novel strategies to improve therapeutic
efficacy and reduce resistance.
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1. 5|8

TP, RUNX (Runt-related transcription factor) A0 — A~ = ANE R EFHBR P KR, ek
FE— LA DNA 454 25 #38——Runt 25 /435, 5 F 06 1) Runt J K] [F]J . RUNX FE R (B4 RUNXT .
RUNX2 #1 RUNX3) 5% 045G 1 B (CBF-R) 4 G i — 584k, 14785 DNA 4561687, &5
B 5 RS SR [2]. BT (transcription factors, TFs)%) 5 AL R A1) 8%, FHIEEAZ MM £ 4
S ES R R . PRV, 2 20%M SR TS B R AR [3]. B
TR R R S B R EhA T, BN S T DUTEAS [ (R 40 i 28 20 vh i 45 2 AN B R R e S o G SR A
Tl AR A AN R RN e R E N A AR, R 2R 4,
FLIR P sE 6 3 R ) R IE AN A M 1 I8 o X A3 4 e DR FAE B R AR . RIIRYT « AR BR S AR
B Z IR AT B, FE 1R S 2 M R AR DIAEOG, EFE O M B . RO
PR LA S PR B (e [4], X B — 20 ™ T SR R A S 00 2 DR U A L A1 A ) S

RUNX2 & — A it Ji 50 00 e i 4 i i s A [6] (71N B RS K AE 8] (911 EZ TR T
52 HAt R RA R AR 2 00 B BRI R 25— FE, RUNXQ ZEJREIE 28 Bl o Hb B0 0% « 9 IOk 98 R IS
S5 T RRE HE R AR R A . VP2 RIS T RUNX2 A S0 e re AT E e 7 . W0E . A
AR R JE T4 R RN 245 55 U THT B B REL10] [11]. SERTAHRIEIE S, RUNX2 75K 20N\ s s Rk,
I+ H RUNX2 (RIS B R RIS AHIE[1]. ZMIIIERE, #H RUNX2 FIRERIGE, ft
oA EmEI R AR ST TZG, (EREMR I T, Rk, RUNX2 AT B8R fE 16T i — M & L
FIBEAR[1] [5][11][12].

2. RUNX2 5 F&#

RUNX2 JERAE T AR 6p21.1 £ 55, b2 Riliiy, JEF 12 FigRaik . RUNX2 A5 Runt 45
P, SRS IHHR . A S BRI A S . RUNX2 28 A IO 2 — AN PR SF A Runt 45
Ftg, X fe—Fh4) 128 MRIEMRIIFH, 15T DNA 4543 RMAIER[2]. X254 RUNX2 fE
g 45 & 2HEE 1) DNA R L, 7T HFRFE R HIRIE . RUNX2 A0 3 1 Stk 5 5 s i 1), X 835058
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1o 5 HA R 1 An 3R DT R S A R A LR, s B R R I R . RUNX2 Sl € (45 5
BRSPS B A AZ b, RIER SRR TRE . RUNX2 (35 M RIRS e M o] DUR I BERR 10 4% . Rk
I H M RUNX2 5 HAd 8 A A ELAE T, DA R SR R i 4% g

3. RUNX2 ZFEAEBIEPHRIEXIER
3.1. RUNX2 FERIEFRRIL

SERTROWEFIESE, RUNX2 7EG3ER FURAE N[ 1312 M iE it ERE, iyl [14]. FiE[15].
BE16]. BIFIARRE[17]. FFE[18]. JEAME[12]. BIMIR[191%%. HiEm#RiAK RUNX2 5iiE B A
R Fi5 A 22207

3.2. RUNX2 BB EiER

JERTIHGEIESE, RUNX2 et £ Fig e R IE H BUEEH . CBFS (%045 & 18T B, core-binding
factor subunit beta)se— MR EN, £ MERKETFHIEDNA 4551, FEHIFERZ TS CBFa
(1 RUNX1. RUNX2 Hl RUNX3 S5 )45 G TR U 045G R, e 5 HA56 1 RUNX R 5
K7, FHHMRIX SEIR 75 DNA BIsEAT . 1XFPdE DNA 4548 (it 5 RUNXT. RUNX2 #il RUNX3 %5
RARRE AW, RELIIGE, WY FHRERNERE. HHFEY, CBFS 5 RUNX2 B &2t EH
TR TR RBAIHRIARA T 21]. AT, RUNX1 SCHART CBFA RS T 2040 i
FET2[22]. TEJEIE R A, CBFS 5% il AL T8 RUNX & A fa e A ThRESZ 451, AT 5200 41 a3 5 5
PHTCRRR, g — DR R T RO e [23 ]

PI3K/AKT {5 50K 4NN — K HEME S TRE, T2 5MpAdK. 76, REfmEEEe
RIS AR . T PI3K HIRAZ BT 261k AT LS 3 AKT #8000, 12t gn e A e T-ae . A
W72 B, RUNX2 F1 PI3K/AKT HliAH B30 1 A e 3t J 13K 30 /7[24]. RUNX2 H: K 3214 A PTEN %
DR B8 DR GG SE A AKT 15 538 26 3k 52 380 DA A B B A8 T s [25]. RUNX2 Jd e 3E 45 R
Wty 1) 1Y AR 28 A0 AKT B0 RN i 21 i (142 28 £ [26]. #% W HDAC4 /5 RUNX2 £ 4
Bk, M A OB n-F B GAMT) MR . J8id AMPK-AKT-Bad {5 5 1@ % F PC 41/
FTI[12].

RUNX2 7] LI ik 67 1 42 e $00 it ) AT 5 | e 500 38 428 1) 9 1) R I8 1R R J « WWOX (WW domain
containing oxidoreductase) # I\ A & — AN R A 2L ], AR | SRR EERIA T R -5 2 AP 2R R (19 RE AH G
WWOX fEA A, JT:. DNA BEAE 5 S R R EE T, 0 TE S0 1] 40 it 8 5 i ik
VAT 5 TR SR o A W T B, B PARE  WWOX g 1 X1 - RO 00 25 35 0k 15 5088 4 348 A RUNIX2
T RIBAKR[27]. KT B (TGF-B) K IR & A K A8 H 3b (BMP-3B/GDF10)# 1\ A& e
Az KA SRR e UER (R SR IR, RUNX2 7 it i Bk BMP-3B 5 &2 gk 2 [15]. RUNX2 115 TEAD
e YAP1 KEK, 37T RASSF1A Ml p73, BXARUK IR YAPI-TEAD /K-F-, ¥ YAP1 MM s &=
DRl % A g i BE R [ 28]

MY C 2 — 51 1 358 DR S5 e 226 DR () 5 e, 6 7 40 M R0 O T R4 2 A b 4 o O B A £
525 Fh 2R A e vh i LR IE L . B HFFE R, RUNX2 (EAR P R IE 7 —FhHr i s (-9 45 Fl , RUNX2
FTMY C 3 3 $00 8 240 B T R AR A A S R S 5 9 BRI R [29] [30]. HES I RUNX2 823 58 1 A
WOE MYC, R a3t 4 i S5 4 HEASE AR SRR 240 B e g (1 R 2 (311

3.3. RUNX2 ZE4npatisE a9
SERTAOIE L B4 UE R RUNX2 5405 25 UM 52 [32]-[34]. AW 7R, Bk RUNX2 GEid T #i)
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PI3K/AKt 38 4 845 A T 400 1) 98 40 B 48 0 [ 33 ] RUNX2 38 i 8 28 S 3815 5 i 42 v ) 400 0 393 ok R A
. 4 RUNX2 DhREH2 iy, A s S-G2-M J& #A 85 (A FIAH DG 2 e Vs e ) = . S-G2-M By
BN A DNA S $iI R0 73 340k 4R I B, 1S A5 00T 1% SEph Bl ™ i i 2 . i AR (RN 2R 1
A e HEBD A R AR I B R 1, AT VA T T o R A T B 2 TR AE AR KIS 5, 44k
HENGT B B X F0E 5 R B A0 B 0 T 1) S B v T B B I S o T IR TR AR A R,
WEEAFRE R4 AE T, 3 N A AR AR o (R, RUNX2 (k3T 05 T A K p I H  , f
T2 5y A2 A b3 5, AT AT BE A 32 BRI TR B35 ]

3.4. RUNX2 #£4RREER. REFHER

RUNX2 fE4EREA ARG G R I IR, 38 REIUE 5 4 B R R AT A OG5 S s . B Fi R M,
RUNX2 % 4 )8 8 A BE(MMPs) S K1 1) 380k, X EEE (B E 20 M 4035 i B A b i B,
b 27 B o B B AR (A T 2% AF[36]. RUNX2 MIRIARFZ KM #E MM 2 28R 8, 54 R TiE4H
K, VBN MM iERE I 3 BT R F[37]. RUNX2 2R ik 4 B e 5 1) e s i e I8 7, 4EFF 2 Z Bl
HE H3K27 IRES, #0H] RUNX2 Beibil s 4L # . 1228[38]. 1A A m iR 22 PR R M 2L I 4 it v
RUNX2 (1 S BRI 1 ZLAR R TR B, AR A K i 20 i SR Sk B2 D B8 T 0 IRV 2 L RE S5 R 14
RUNX2 /5 N5 P 2L e 40 i B Ve 2 (A A9 2R3A39]. BSR4 F PTEN RO 6 2k §3 FOXO01
i, FE RUNX2 M8URE A 2], TS 258 41 A R B AR 28 17]. RUNX2 BRI e 5
SY VAU D, (I i3k 4 e 1) RO 20 B — 25 J5AH TR S AT 23 8 % A% [ 40] . RUNX 2 i i 7 S 0% ITGBL
B, GBS TGF-B 15 5 M Bk I B e #5[41],

3.5. RUNX2 % EMT gU8#z

AR, R SR HRIEREF AT H A BT R8T, RUNX2 Bl T2 B R
SEA ST RE L o AT FE 23 s K T-(CSF2, SDF-1). & F /K il i (MMP9, CST7) 40 22 45 77)(SDC2,
Twinfilin, SH3PXD2A). #HfI N 15 54> F(DUSP1, SPHK1, RASD1) A% K 1-(Sox9, SNAI2, SMAD3), iX
BB P 7E b 7 2 (B BB AL (EMT) 4UR 28 DL A AN & 25 8P /EF . 5% RUNX2 #5858 17 R 12
22k e WA B R R AR R GU/S AHAR R A MR R b [42] . RUNX2 HHZEFEBAMH KK 1
(MTAT1)/NuRD F1 Cullin 4B (CUL4B)-Ring E3 i&4%(CRL4B)E &4, TR IMEIE 61, HEHHED
LAz F, SIURE EMT ZUIH55[11]. i RUNX2 (3814 fEl it i 15 2 2L R g 2-3 4
JHFRE 40 A ) EMT [43]. B s T4 rh RUNX2 7] fEil i i CD44 /5 EMT [44]. RUNX2 fid
FEAkA] DULE IR B FUM b e 4 it b 53 28 B 8] o AL (EMIT) I AZ 4K [45]

3.6. RUNX2 %t BRI B A IE

Ji 23 f A 35 (tumor microenvironment, TME) & 45 [Me8 48 ifa J&] [l (1) Ry 8 A 858, 05 & PR AL . 4H i
AL (ECM) 20 B R T AL 5205 555, X e 20 Rl 43 3 ] s e Jif g PR Jee ke RUGHYR 7 (R . o A
LR, RUNX2 A& 6k FHIE T PTEN B 51 e B E R Ao 2 2 SMA PHVESE R TR R, T 40
JH 1) ) R R O A AL (AR 2 R R AR AL e R R P B, X U] RUNX2 5% BUSE PTEN SRR 21
IAS fil TME % i & s E I [46]. BUB Al RUNX2 B2 385 O 8 s 567 1) B oA Bk (e it
BRI R [47]. UUBR B $ER 40 M h i) RUNX2 0 T B Hr i 1 mRNA MR ARIRIE, 25 MM 531
I AR BT B AR BR 48] RIS B8 R Se R IL [EE T, TR — MR R G, AMUCFEIE
FIAEKFUR FE, I R 6 2 AR Gy v R B P .

DOI: 10.12677/acm.2025.153778 1575 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.153778

REHR, JHHgC

3.7. RUNX2 7E40paim 2514 R r91ER

RUNX2 &R A7 245 TR g 2 9T . o RUNX2 #6iPE DNA 18 5 B A7 25 b ] Rt 5
KEEVER] . RUNX2 i 175 2 Ff DNA &S &R0 fitod 41 i il A7 290 I S P= AR sg i, B3 St U] bR iz
S (BER). [A)JF & 418 & HR)MAER VR A i iE B (NHET). RUNX2 )38 1A 1] DB 326568 DNA B 2 5
RGP, 40T DNA 4 EHUK. 8t RNA T ARVIER RUNX2 KA, HXT LRy
WD (o) 28 2 RHGUEET) ) RO P A P o 3% R B JE R B[R] RUNX2 T R 5035 B B R YR 97 [ AR [49] [50]

AR, RUNX2 it B TGF-B 456 14 i 4 M i 40 M 1>k s ma A7 i 25 . g+
YHAE R RUNX2, HPTER RUNX2 7] DUE RS ps3 KGR IEM AT &4, W55 DNABE, M
T 14 5 iR % DNA #3455 35 5 I BUe 25 0 7 34 [49]. BT e H 2 A7k, TRk 2593
RUNX2 i@, 4563185z GBM AniEiadr, 2 SBURUEMRA KR ZH[51]. RUNX2 /£ H
JETN 250 AN ZH 4 (B 25 R0, [FIRE RUNX2 6 [ 4% pS3 AT IEES, R B I T 80— [52]. RUNX2
TEH IR 13 R IE 5497 OB 2 7 5R[16]

4. RUNX2 1R ren s

RUNX2 fBLF- A2 ¥ 22 S RE SR A () i ZE b 64 o st i AR 52 (40 /N 23 31 00 FELIBT RUNX2 F 33
P, BUREIE /N F RNA BRI RUNX2 HIERIE, A B sm A7 MR, IR/ RE 16T TR AN 25 B4
AHFFLRE, miR-135 F1 miR-203 L[] RUNX2 $fil] FL e FO i £ 1 B i i 2 [53]. PRIk RNA-CGNLI
if it NUDT4-HDAC4-RUNX2-GAMT 45 [ 20 it 97 1~ 1 42 Fo i e 3k g [ 121

CADDS22 J&— PR KR RATEN A D, CAE N R ATP A BEIHI7], G 4H] RUNX2 5 DNA
MeE, JFRR UM . £ RUNX2 B2, CADDS22 iLREYH T RUNX2 #EELR )% 5%, 151
PRI T & B A RE-13, M8 N R AKRE TR E RIS EE-1 RS, RN @S RUNX2 K
S PERIR B RUNX2 [J3RIA E[54]. CADDS22 it 2 L] 3 H T RUNX2-DNA 45 & 1IHER, £
5 RUNX2 564+ DNA Z5A 00 400 71 27 B £ 505 S50 40 J&) 3 BEL Bk CBF-p HIRIA /b RUNX2
£ S451 AL IR ML . CADDS22 MBI L kit ATP & keiiZ ATP (774, W $0 A1) P 40 1)
=Y. th4h, CADDS522 IEREIYINZRRLAAR = A= TS PR AN (ROS), #2075 S 4IHAETI[55]. XL R I
F B CADDS522 HAENFUMIE IR /1.

HDAC (45 1% LBLES, histone deacetylases) e —RE N, ©NIMFE RS LRY R -
W R R IR OBE L . X Fh 2 BRI S B T G5 A TE 9 R, DT 1) 2 R 1 7 SR
P, HDAC il 38 im0 25 A 0 LWedb K, O G R 254, TS B B R SR E, B
(EBEANAAE T Hi) S RE RN BH b bR AR K7 77 . AR FE R, s A 3 K7 HDAC 3G M . & 40
#l RUNX2 fIFIE[56]. HEAE OHALEEMHIF(HDACHIMH T RUNX2 (IR 1L [57]. HDAC #i]
# PXD-101 BESHI B AR 40 M ()85, 5 SR T[58].

25 LRk, RUNX2 J&—FioE 2 Fiaie op R 5 D8R F e s R 7, edad s mm 4 i i 39 5 . 43 A0
HAFEE, SERERRKAEMKERE. RUNX2 [R5 RIE SR IREME. ¥R LT Bt S I
[10]. RUNX2 RN TR A B T 487~ FCAE M8 AR 0 2 AL, 9 FF R EHAT RUNX2 R AR 97 3R
WS SRR T ) SR B R o b Ah, AEREREVR YT IV AEHTHE i, RUNX2 FHI I IEZE AR T &, (475
EEZ LA TR AR . BOTE MRS 1R R &Y. BEE AR, B
X RUNX2 [R5 BY 88 [0 2490 B2 e 7 i B i B A va 97 7 & o

E&WE

[ 5K [ 2R Bk 5L 4 1H 3 H (NSFC 82172613).
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