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(CCND1)mRNA #83f &5 &, £ 8 CCK-8 % X J& 55 B Transwell 52 36 i X, 20 B2 H) 467 SLAK LncRNA MALATL % MG-63/
DOX @38 3h  if 45 47 % A T 89 % 7% ; KA Western blot i:45 MG-63/DOX 4u i, o 3% 7 4w it A% 4R (PCNA ) \CCND1 & & 89 & ik 5
KRR K EEIRA L B £ 3540 LncRNA MALAT1 5 miR-154-5p . miR-154-5p 5 CCND1 Z a1 #4548 Z4F A . 58 5 0 wmol/L
DOX t4:5,0.01.,0.05.0.1.1 wmol/L DOX 34 fit A% MG-63 A= MG-63/DOX #8/#.(0.01 wmol/L DOX 4 41) # 7% % (P<<0.05) ,1Cx 53
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Effect mechanism of LncRNA MALATI1 on doxorubicin resistance in osteosarcoma cells
LIANG Fudong, DI Shufang, LUO Wei, QI Jianghua, LIU Libing (First Department of Orthopaedics, Gansu
Cancer Hospital, Lanzhou 730050, China)

ABSTRACT OBJECTIVE To investigate the relationship of long non-coding RNA (LncRNA) metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) and doxorubicin (DOX) resistance in osteosarcoma (OS) cells. METHODS MG-63 and
MG-63/DOX cells were treated with different concentrations of DOX (0, 0.01, 0.05, 0.1, 1 pmol/L), and survival rates and half
maximal inhibitory concentration were determined using CCK-8 assay. The expressions of LncRNA MALAT1 in MG-63 and MG-63/
DOX cells were detected by real-time quantitative fluorescence PCR. MG-63/DOX cells were divided into Control group, knocking
down LncRNA MALATI negative control (sh-NC) group, sh-MALAT1 group, sh-MALATl+anti-NC group, and sh-MALAT1+
anti-miR-154-5p group. The expressions of LncRNA MALAT1, miR-154-5p and cyclin DI (CCND1) mRNA in MG-63/DOX cells
of each group were detected. The effects of knocking down LncRNA MALATI1 on the proliferation, migration, invasion, and
apoptosis of MG-63/DOX cells were detected by CCK-8 assay, scratch test, Transwell experiment and flow cytometry,
respectively. The expression of proliferating cell nuclear protein (PCNA) and CCND1 protein in MG-63/DOX cells was detected by
Western blot assay. Interactions between LncRNA MALAT1 and miR-154-5p, miR-154-5p and CCNDI1 were detected by dual
luciferase reporter gene experiment. RESULTS Compared with 0 wmol/L DOX, 0.01, 0.05, 0.1 and 1 pmol/L DOX could reduce
the survival rates of MG-63 and MG-63/DOX cells (except for 0.01 umol/L DOX) (P<<0.05), ICx» were 0.07 and 0.13 pmol/L,
respectively. The survival rate, cell migration number and invasion number of MG-63/DOX cells, scratch closure rate, mRNA
expressions of LncRNA MALAT1, mRNA and protein expressions of CCND1, and PCNA protein expression in sh-MALAT1 group
were significantly lower than sh-NC group and Control group; the apoptosis rate and miR-154-5p expression were significantly
higher than sh-NC group and Control group (P<<0.05). sh-MALAT 1+anti-miR-154-5p group was able to reverse the aforementioned
biological effects in sh-MALAT1 group (P<<0.05). In MG-63/DOX cells transfected with both MALAT1-wild type (WT) and
CCNDI1-WT, the luciferase activity in the miR-154-5p mimic group was significantly lower than mimic negative control group (P<<

0.05). CONCLUSIONS Knocking down LncRNA MALAT1
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can inhibit the DOX resistance of OS cells, and its mechanism
may be targeting the miR-154-5p/CCND1 axis.
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‘H A (osteosarcoma, OS ) & JL#HE A /D AFf i L
)0 P = N S N N A o €8 I = e s e 14
HRB ML, B RERREA LI R R4
BB, OSHIRIT H ik EfEFARUIBR AT . 5%
o, AEFE RS OS B 1 5 AR AR AR 1K T0%  {H OS &
HANEIGILI TN 2 R K R i 2k ik . 1
Y7 R 24 1] 4 Sk S M it 24 RN AR AT T 245 , Bl 8% 2% (doxo-
rubicin, DOX) 4 OS 5 HALIT 2454, £ 50% 1) OS i34
DOX FRAF LT 25100 52 TR T7 30—, Wik, T f#
OS 4t it DOX k57 1t 24 1 43 1 HIL X I 22 8 i iy 7 7
I RANEE OS BE TG B H 2,

H AT E & BUAT 2 R0 RNAUNS 5% 1 25 % RNA (long
noncoding RNA, LncRNA) . f#f /» RNA (microRNA,
miRNA) %12 58 OS Bk e Ak 2= 245 £,
il i g6 2 B2 A0 OG5 SR 1 (metastasis-associated lung ade-
nocarcinoma transcript 1, MALAT1) 7EMiFLsh ¥ T 12
FRIFHAT AR SF M W58 7R, LncRNA MALAT1
J& OS MY ¥ 7E 3R 97 #0450, A il & B, LncRNA
MALAT! ] D4 2L e ik i A DOX i 24594, {5 H:
RE 1T OS AT 245 P i AN 8 . miR-154-5p A 7E 2 F
ST T R FEAM R B R T A OC R SE B R , miR-154-5p
7E DOX it 25 OS A H 8 T 1™, 4ififgJEIH 2 D1 (cy-
clin D1, CCND1) fii T- A 11q13 Je 44k 1, 1] % 5 4 45
OS £ PN (1) Z2 ol i 448 L ] 300 R feb o 348 2 g 4, A
B 5% A BA R B F1) ) Starbase [ 3t 43 #7 & B, LncRNA
MALAT]1 5 miR-154-5p . miR-154-5p 5 CCND1 = [i] £
FEVETE IS5 A 5o 35T I, AR A 78 B4R LneRNA
MALAT1 ! [ii} miR-154-5p/CCND1 %l 5 OS 4 s DOX Tfif
2GR 4 5 Z ST RE AR AL , LAY 52 ik OS A £k g7 i
2 FE R R R TR

1 ##
1.1 FENE

AHIEFE T F AR AL HE DML U5 B 5 s (i
Leica A F] ) \MSFLO B4 X4 A (b i B R &
A PR ) L9003021 K 52 I 96 5 1 1o B Wl Bk S 7
(RT-qPCR) X [HLAS Aol 45 B (136 ) 47 FR 28 717, Multi-
skan FC U F54% ( 35 [E Thermo Fisher Scientific 23 7] ) .
RCCS-4HD B g 15 #7% (3% [# Synthecon /A H] ) o
12 FE#HRBSKA

DOX (%25 51410ES10, 4li i =98% ) iy [ 21 344
B (i) B0 A7 FRZA 7 5 # K LneRNA MALAT (sh-
MALAT1) Jz H BH 4 %t B8 (sh-NC) | 411 ] miR-154-5p
(anti-miR-154-5p ) A 4 X} B (anti-NC) Ji k7 #1014 H
T L Y R 2E R A AT FR A\ s DMEM #5535 4

25 1Cell-0003) 1 [ a5 25 45 (1) A AR A IR
5 B RNA $2EUGR ) & (TRIzol v ) 5 M SEAZ A A% 1R T
I 30 % s ) & (92543 3 h EZB-TZ1-L .RT3C) ¥4
A b 7 A R A RS F] 5 RT-qPCR A il 3551 6
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525 QPG-023) Iy [ I ¥ 75 3 i 25 1 R A7 PR3 A
CCK-8 4t a7 far il i 751 5 (525 HB-CCK-8) It [{ I 15
AW TR (i) A FRZN W] 5 Annexin V -FITC/PI 4 fifd
T3 & (595 70-APCC101) W 4 Ho M BB A= 4% A e
A7 B F] s BCA B 1 il A7) £ (555 KL1DBE09
5) [ -1 B B A IR AT BN B R B ECL A2 &
SRR & (55 EUL002) W [ ) M 155 s 2 Rl
A7 BRI 5 9 ' 2R Tl 75 5 PR 3K &5 (9% 45 SLLU-200)
W AR A R AR A BRAA w5 SR U5 H i i - 3-wh iR
JIit S (GAPDH) | 7 Y5 3 5% 28 ff A% $1 )5 (proliferating
cell nuclear antigen, PCNA) . %2 i CCND1 , 3 # i & 1k
Yy B bR A0 10 L2 P AR 1gG (58 5 4 B A ab226408
ab201673 ., ab16663 , ab9482) ¥ i [ ¥< [F Abcam 2 7 ;
PCR 5 |9t 250 3 L AR AR BRA Rl A i
1.3 ZRAaSRIE

0S AR 4l g MG-63 . if DOX A% OS 4H fitl MG-63/
DOX (47543 7] iy AM7868 , AM7872) 3l [ 3& [F] 1. 744
PARR R G
2 AL
2.1 MG-63F1 MG-63/DOX AT DOX &L B %46

3 KB TEAE 200 WL 5573 (5 4 5 X 1074~ )
B MG-63 Fl MG-63/DOX 4 fifd 7 T 96 LA, 43 H A
0.0.01,0.05,0.1,1 pmol/L [ DOX Ab 3 ( SR FH ¥ J& 46 i
T R e W )  NE A S 2], e AR 2 AT (T b R ) 1E 5
YHAE R xof REZH , A 20 B A 1 0 55 A A L o3 A
FES A, #E 37 °C 5%CO 514 R & 24 hm , BfLn
AR 10 pL 5 CCK-8& 7, F 37 °C N IFE 2 h, ffi
Bl bR A T 450 nm P < &b #6505 %% BE (optical density,
OD) , B 3R AL, BIR 2 AT, T A A7 15 K
TR B0 o v B (1Cs0) , 20 A7 06 5 (% ) = (SE 50 4
OD—7Z 41 OD)/(X} #HZH OD— %5 41 OD) X 100% .
2.2 MG-63 1 MG-63/DOX £H}fl LncRNA MALAT1 &
beiy Al

K F RT-qPCR LA . i FH Trizol 251 $2 B MG-
63 F1 MG-63/DOX 2 Hg ) 52 RNA, 5 il cDNA, LncRNA
MALAT1 UL GAPDH HINZ: Bl & 20 pL B R WAKR R : 22
M 10 pL,cDNA 1 pL, 1E JZMB1#45 1 pL, £ 51K
7 wLs SO £51F: 98 °CZEME 10 5,57 °CiB %k 30 s, 68 °CHE
i 45 s, 335 MEFR . AR 2755 MG-63 FI MG-63/
DOX ZH i} LncRNA MALAT1 (A X} ikt . B1Y)F
G KR B L 1

#*1 RT-PCREI¥IFFIR=WKE

R ERrBIFA(5-3) R A(5-3) FEYH o
LncRNAMALATI ~ GACGGAGGTTGAGATGAAGC ~ ATTCGGGGCTCTGTAGTCCT 84
mik-154-5p GCCTTCGCTCAACTGAATTG ~ CTCAACTGGTGTCGTGGAGTC 9
CCNDI GGATGCTGGAGGTCTGCGA ~ AGAGGCCACGAACATGCAAG 146
Us CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCG 9%
GAPDH GAAGGTGAAGGTCGGAGTCA  AATGAAGGGGTCATTGATGG 109
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2.3 miR-154-5p/CCND1 %# 5 LncRNA MALAT1 #£ [g]
K RIIIE
2.3.1 YUMo S g

5 10% JiG 25 35 A 0.1 wmol DOX (AR 4 “2.1”
T 25 5400 5 ) i) DMEM K5 77 3 | 55 3% MG-63/DOX 4
M, & 2~3 d AT . BOWH A K 9919 MG-63/DOX
il 534 Control 4 (1E# K557 ) .sh-NC 41 .sh-MALAT1
2 . sh-MALAT I+anti-NC 2H . sh-MALAT l+anti-miR-154-
Sp L, 43 Sl Y AH N TR
2.3.2  LncRNA MALAT1 ., miR-154-5p, CCND1 mRNA
iRl

K “2.27 W J7 P 45 2 MG-63/DOX 4 Jfd v
LncRNA MALATI ., miR-154-5p ( § % U6) . CCNDI
mRNA (2 GAPDH) (AR Fe ik i, DLIGIERE YLseR
2.3.3  MG-63/DOX 4 Jfi 145 46

K CCK-8 Kl o ARHE “2.3.17 31 R J7 ¥4 MG-
63/DOX AL PEAT 4320 , F4% 2.1 0 B ARG I 4441 41
MR BT T DL, I B AT K
2.3.4  MG-63/DOX 4 its i 7 FZ 722K

(1) R AR SEB0A M AR <2.3.17 300 ik kA7
R4, 3R 500 4> MG-63/DOX 4 il T 6 FL AR 2 80%~
90% it A B, FH 10 WL B8 VR A5 Sk RO i 8 77 VAR 15 5=
ML A RIR , F 0,24 h7E B A0BE T LSS0 it i T 5 A8
b, T ERPRE A AR, WIRA AR (%)= (WiHKIE
TP — ARSI ) AR R FERE X 100% .

(2)2KFH Transwell SZEGAGIN . A “2.3.17 0 F )ik
¥ MG-63/DOX i 17702l . FEARZE LK b % FllR
Matrigel 3 Jif Ji¢ , e 46 4 e i) MG-63/DOX 41 Jifd , 45 41 ity
2T 200 wL Tl i 85 R, DL 2 X104 AUImA B
%, NEMAS00 w5 20% G4 MLE O BE 3736, 17 & 36
ha, B FE B, 78 B0 T LIS 5 40
97 gitiE R s R 22 AR
2.3.5  MG-63/DOX 4 il i T4l

R I = 40 AR T o AR 4 <2.3.17 TR U7 vk
MG-63/DOX I T /020 o URAE A , T B R 4 2%
A 1.0X10°4/mL, LA 100 pL %4 Annexin V-FITC/PI
B, 25 IR A 20 min 5, JTA 500 wL 9% & 2% o
R ST R I TV 2 = A1 2 < 1
= (T4 S 4% X 100% .

2.3.6  MG-63/DOX 4l PCNA ,CCND1 & 4 £ A6

K H Western blot 7k, AR “2.3.17 T Jy v 6%
MG-63/DOX A HEFT 432 o SR FH B K 19 RIPA 24 I
FRIIR HH T O SR AL i 20 B, P OB 11 BT, SR BCA VA
TR PR T, T 10% g FE 70 1R 1M - 58 TR s T e
JE LK 43 15, e A% B R A o A L 5 GAPDH (7
J#1:1000) ,PCNA (Fi B 1:5 000) ,CCND1 (i B i
1:500) F¢ S PUASL [ BE R, FOMA 9t (R R 1
1000), 59005 1 h, R Image J #AE504r, DL H AR
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15 GAPDH #5415 K A I FUAE 2 B AR 1 AR X =
ki,
2.3.7  LncRNA MALATI1 . miR-154-5p ., CCND1 #H T 1
FHAS

K B 22 g i 45 56 D SE 30 A o K LncRNA
MALAT1-87 4 %4 (wild type, WT) Fl LncRNA MALAT1-
275 1 (mutated type, MUT) . CCND1-MUT F1 CCND1-
WT By 5 va e 1) pmirGLO #4K 1, -5 miR-154-5p
R (mimic) 1 B 24 X 18 (mimic-NC) St 4% 2t 5]
MG-63/DOX i i+, 48 h J5 K 2 6 KBS PE , LA
LncRNA MALAT1 5 miR-154-5p .miR-154-5p 5 CCND1
Z A EAEH
24 BT ESH

K HI SPSS 25.0 B A TEE AT o W R IE S A3 A
FTTH ORI DL x + 5 o, ZALIR] BRI T 225007, 3
— 2 P R fel ] LSD-¢ 62 56 5 19 4 1] B R A 37
A R, KBk IE«=0.05,
3 H#R
3.1 A[ERE DOX H1 MG-63 #1 MG-63/DOX 48 i1 77
R

50 wmol/L DOX 4 H %5 ,0.01,0.05,0.1,1 wmol/L
DOX £ MG-63 4f fifl £l MG-63/DOX 4 it (0.01 wmol/L
DOX ZH BRAM ) A7 1% 22 1 1 2 BEAR (P<<0.05) , TE WL 2,
22115, DOX X MG-63 4 i 1) 1Cs0 24 0.07 wmol/L, X
MG-63/DOX 4 L) 1Cs >4 0.13 wmol/L.

*2 AEREDOX H MG-63 1 MG-63/DOX 2R 75
BRI (x+5,n=6,%)

DOX /% /(pumol/L) MG-63 411l MG-63/DOX 4l

0 100 100

0.01 84.5219.08° 91.8519.49

0.05 63.59£8.16° 76.54+8.27°

0.1 39.28 4743 5385732

1 21321627 32.5946.34°

a: 50 wmol/L4 L4, P<<0.05,

3.2 MG-63 1 MG-63/DOX 4 ffl LncRNA MALAT1
mRNA FiEH N 25 R

MG-63/DOX 4l 1 LncRNA MALAT1 mRNA A%
Fih e B T MG-63 4111 (2.36 +0.35 vs.1.00 +0.32,
P<0.05),
3.3 BEH{KX LncRNA MALATI Xf MG-63/DOX 4 fif1 th
DOX 2448 5 mRNA KX 2200

sh-MALAT1 4 MG-63/DOX #H Jfi # LncRNA
MALAT1,CCND1 mRNA A%} 2 ik i i # X T Control
21 .sh-NC 4l , miR-154-5p A1 %f & ik & . % & T Control
21 \sh-NC 41 (P<<0.05) ;sh-MALAT I+anti-miR-154-5p 21
MG-63/DOX ZHi i ' CCND1 mRNA A X} ik B 2w
T sh-MALAT1 41 . sh-MALAT1+anti-NC 41 , miR-154-5p
X355 B E K T sh-MALAT1 4 . sh-MALAT I +anti-
NCZH(P<<0.05), Z5H W3,
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£R3 HHAMG-63/DOX 208 DOX ffit 25t 5 mRNA &
EAREILER (x+s,n=6)

a9 LncRNA MALATI RIS CCNDI PCNA/ CCNDI/
mRNA mRNA  GAPDH  GAPDH
Control 41 0.99£0.13 1002033 1.00£020 118£0.18 0.94£021
sh-NC# 1.03£0.14 093£031  0.98£020 1212018 0.91£0.19
sh-MALATI 4 032£010° 2055042 047£0.15% 043£012° 025£008°
sh-MALAT I+anti-NC 4 0.28+0.09 2094043 048005 0412012 0.28+0.09
sh-MALAT +anti-miR-154-5p 41~ 031£0.10 1314036 086+0.07% 0.92+0.14 0.79£0.16¢

a: 5 Control4H 458, P<<0.05;b: 5sh-NC4 4%, P<<0.05;c: 5sh-
MALATI4H 458, P<<0.05;d: 55sh-MALAT I +anti-NCZH [t 4%, P<<0.05,

3.4 B{K LncRNA MALAT1 3 MG-63/DOX £H ffl & 58
spEA]
sh-MALAT1 ZH MG-63/DOX 4il Jfl 7715 % B Z K T
Control £H . sh-NC #H (P<<0.05) ; sh-MALAT l+anti-miR-
154-5p 20 MG-63/DOX 41 fifi £7 7% K B & & T sh-
MALAT! 41 . sh-MALAT1+anti-NC 41 (P<<0.05) , %%
4,

F4 BHAMG-63/DOX HAaiEsE T FE ATHE
KIEREEE (x +5,n=06)
it Fige  WEEA%e  EERS BB RTEe
Control 41 100 41761526 1135941257 81341826 049+0.13
sh-NC4 087411009 41941432 1148221216 79254803 0.44£0.11
sh-MALAT1 41 563418250 193413.62° T247+1028° 46.58 541" 34524359
sh-MALAT+anti-NC 41 55294809  1849£351  T1.34£10.05 44511537 35311367
sh-MALAT1+anti-miR-154-5p?ﬂ 82574932 3658474 942841134 67.5717.25 12484184

a: 5 Control4H %%, P<<0.05;b: 5sh-NC4 F4% , P<<0.05;c: Hsh-

MALATI4 458, P<<0.05;d: 5sh-MALAT I +anti-NC4H [t 4%, P<<0.05,

A. Control 41 B. sh-NC#1

C. sh-MALAT1 41

3.5 BU{K LncRNA MALAT1 3 MG-63/DOX 28 il i %
spA|

RIJR 525625 B /R, sh-MALAT1 2 MG-63/DOX 4
JE R A AR W E KT Control 41 . sh-NC 41 (P<<0.05) ;
sh-MALAT I+anti-miR-154-5p 20 MG-63/DOX 4 s 1] J£
W4 % % 5 T sh-MALAT1 41 . sh-MALAT1+anti-NC
ZH(P<<0.05), ZiRkILE4 &1,

Transwell 52 56 25 - i 7%, sh-MALAT1 41 MG-63/
DOX 4 it B AR 2255035 1t X T Control 41 .sh-NC
21 (P<<0.05) ; sh-MALAT I+anti-miR-154-5p 4 MG-63/
DOX 4t il i # E5F 1= 285501 2 & T° sh-MALAT1 4 |
sh-MALAT I +anti-NC 2 (P<<0.05) . Z55$ W34,

3.6 B{K LncRNA MALATI1 3 MG-63/DOX 28 Bl 1=
=pp=A|

sh-MALAT1 41 MG-63/DOX i ji i T- K B F & T
Control 4H . sh-NC 41 (P<<0.05) ; sh-MALAT1+anti-miR-
154-5p #1 MG-63/DOX 4 Mg J8 1- 3 & & ik T sh-
MALATI #H . sh-MALAT1+anti-NC 20 (P<<0.05) , %%
k4 K2,

3.7 BH{E LncRNA MALAT1 X} MG-63/DOX 4 ffl th
PCNA .CCND1 EBRIEHIZM

sh-MALAT1 #H MG-63/DOX 4 Jffi FH PCNA .CCND1
AR X % 35 & 34 8 3K T Control 41 . sh-NC 41 (P<
0.05) ; sh-MALAT1+anti-miR-154-5p 2{ MG-63/DOX 2
Jiti H PCNA . CCND1 % [ # % 2% 35 5 1 18 3 & T sh-

- awTem e wm e

- e - -

D. sh-MALAT I+anti-NC £

E.sh-MALAT 1+anti-miR-154-5pH

E1 MG-63/DOX HAEiT % %I IR I8 B

104 0.03% 0.42% 10‘ 0.04% 0.39% 101 1.32% 31.99% 32.55% 104 0.37% 11.71%]
10’ 10°4 10°4 10°4
= 10° = 10% 104 Z= 10
10" - 10" u 10 BN
99, 5[@* 0.04% 99.55@*v . 0.01% 1.42% E7GM\ 0.41%
10° e - . 10° e . . 10° : - : : . - 10° e . .
100 100 10° 100 10 10° 100 10° 10 10 100 100 10°  10° 10 10° 100 10 10° 10 100 100 10° 100 10’
Annexin V Annexin V Annexin V Annexin V Annexin V
A. Control 4 B. sh-NC#{ C. sh-MALAT1 4 D. sh-MALAT1+anti-NC#| E.sh-MALAT l+anti-miR-154-5pZ{

2 MG-63/DOX AR AT RN E

2GS 2025 4F5 36 45 6 4
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MALAT!1 4 . sh-MALAT 1 +anti-NC 4 (P<<0.05) , 4%
U -RNCRE

reva D D e e B o
conpl W S s—— 7 0.

1 I 1 v A%

I :Control4d ; I :sh-NC4; Il : sh-MALAT141; IV : sh-MALAT1+
anti-NC4{ ; V : sh-MALAT 1 +anti-miR-154-5p4 .
3 MG-63/DOX ZHRtIH PCNA .CCND1 E B Rk ik E
3.8 WHEMETHEKRNER

1E % Yt MALAT1-WT I CCND1-WT 1) MG-63/
DOX i, 55 mimic-NC 41 % , miR-154-5p mimic 21
M CER BTG PE il BRI (P<<0.05) . 452 ILER 5,

F=5 FHRKAEMmEHELE (x£s,n=6)

a5 MALATI-WT MALATI-MUT CCNDI-WT CCNDI-MUT

mimic-NC4l 1.00+0.14 0984029 1.00£0.16 100033

miR-I54-Spmimic  033£0.10° 0914027 046+0.14° 1054036
a: 5mimic-NCZ H 48, P<<0.05,

4 g

OS H 7™ A5 25 B I B8 A 5 8 #6519 () 7 S 240 il 2
A, HAEMERR A S REMR R K SR b
FEIHE AT, 29 40% 1Y) OS fB & TE SIS Wi O 48 K A 7
Y, DOX & OS B #H# Hbyr 242 — , DOX 1l Lk
5K DNA B A AT 6l 38 1 220007 20075 59 40 i st
T2 BRI R B, KA DOX 25407 259 ml 200 2
PRy F= A, OS X DOX M 25 2 — A~ 2 I FE it i, H
YEFIMLEN 6 AV o ASBIF 5 38 3 435 OS 4l i X} DOX
i 25 053 FHLH , LRk % OS e IR PR AT -
4.1 &K LncRNA MALAT1 &3 #0 4 OS 20 %t DOX
RO 25 1%

LncRNA FEH H — K p ol fizs [m g5 4, v L 5
DNA .RNA FlIE 1 B AH BAE T, 764 R A= ) o R A
R HEJETEVE ™, LncRNA MALAT1 £F OS H & #45
e HEPIE ], Yang 55" 058 S 78 , LncRNA MALAT1 &
ik BE 5 OS B #E AR E A A K, LneRNA
MALAT1 #:F %3k 7] 3 52 # [1] miR-873-5p/Rho #H G 1
TABEAS 550, 2 2E OS 40 i 345 E RS [RZE, I OS
gAY R B 2 1 S R T N = 1 1 B 1 7 /4 )
2 ity 1 48 960 7] 38 1 8 4% LncRNA MALAT 1/miR-143/#
2R 11 2/ Wt/ B35 PR B U AE (RS MIZ HE OS 4 1) 185
PA RZERER TR e SRR UM AR K . Yue S5
58 7%, i LncRNA MALAT1 A] |- 38 miR-570-3p 3¢
ik, AT il i DOX L A 92 240 JfL () 36 3 B RS R 28,
P2 v LR 40 X DOX () U o AR 9T & B, 7
DOX fiit 25 OS 4 i # {fk LncRNA MALAT1 A LU 01 il
DOX fif 25 OS 4 (34518 T A2 28, (et -,
F2 7R BK LncRNA MALAT1 7] RE 38 4 410 1 DOX i 24
OS 4 B R PR A= 1 2447 o, ] OS Iy it i, 3 s Ak T
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TRURRNE | FET 5 OS IIRYT AR o
4.2 Bi{K LncRNA MALAT! i it | & miR-154-5p Hj
FIEHIH OS A K DOX i 2514

miRNA J&— 2 9 I M 1 JE 4 i RNA, LncRNA 5
i % RNA F£ 52 miRNA W 764, LneRNA 7] DL 4 £k
miRNA F- 2 #F H AL AR mRNA (1) 11", Tian Z2" 0 57
R, OS 421 b ) miR-154-5p F ik F ¥ , 1 75 miR-
154-5p AT E2F %55 [F - 5 i1k , #Em#m | OS 4 iy
(3 E RS R 28, 175 3 400 ) 300 4= D A i 0 1
Zhou Z5F" I o , i3 263k cire-ATAD1 1] 1] miR-154-
5p 3R3A , IR 2 OS 4 Ml R 28 TS . A 5% 1A
BA T 3 ) ] Starbase [ 3% 43 #7 A& B, LncRNA MALAT1
5 miR-154-5p Z [H A AERE M 455 0 o5 o ABFTR A5 R 3R
W], LncRNA MALAT1 A LI 7] 671 & 4% miR-154-5p ; i
Il LncRNA MALAT1 35 miR-154-5p &3k FiH , i
miR-154-5p M A LLis 5% i ik LncRNA MALAT1 X DOX
fif 25 OS AL A=~ VE R , #87R f{Ik LncRNA MALAT1
A REIE A I I miR-154-5p F ik 1l il DOX i 25 OS 2 il
B A W24 1T R, 428 OS 4% DOX AU
4.3 miR-154-5p 1B i3 ¥ [ S 45 CCND1 ##l OS ZH AR
7 DOX i 25 1%

CCND 1 J2=—FhaSUN JE R, 78 BLAZ 20 B v 5 i A7 7E
HE BSR40 G131 S I EE AR BE I B 5 40
Ji IR , AR 2 R E A 2V S A, Xin 25
TN, 11638 CCND 1 FIAH 534 JE1 51 8 1 34 (cell di-
vision cyclin 34, CDC34) RE{E#E OS 2 JL 3558 , 941 15 41 i
AR R N A S G B R 3 638 19 miR-671-5p 7] LAKE
li1] 171 ¥ CCND1 F1 CDC34 (1) 335 , #4H OS 21 fitg fity 184
BE, B AR I, TR OSIRYTY T B R Ao
Yang " iF 57 .71 , LncRNA FLVCR-AS1 A i i1 K 4
miR381-3p. I CCND1 i) K ik kg #f OS A=K . Li
ECIFIE B, 7EXF DOX i 2411 OS 4l fifd 1, CCND1 1)
B SRR 3 T IR IR A0, LncRNA A 40 iR % 1k
i % FE A 1 (plasmacytoma variant translocation gene 1,
PVT1)7E OS i rh iy ixd Rk FEfE % CCND1 /Y i, i
i #F OS 4 ffd % DOX 7 A= ffit 2514 , H LncRNA PVT1
5 S i 250 0] LUE i @I COCNDL SR A7 308 55 . It
S, BEAERFST 2B, LncRNA MALAT1 A] LA 6] 67 38 4
miR-154-5p , il i3 F Ik miR-154-5p 3k , I b i /K i i
9 RBP4 43 R BRUR 22 PR AR 1Y
HEJRS . ARHFSE 45 B R, miR-154-5p 55 CCND1 2 [f]
FE7E BB [ 45 4 7 5, miR-154-5p A] LA B8 [ £ 9 45
CCNDI, #ifl. LncRNA MALAT1 7] {fi CCND1 mRNA #l
T F23K F M, 1 3] miR-154-5p I ] fdi CCND1 %3k
8, #2785 LncRNA MALAT1 7] fig 38 i 7 45 4k miR-154-
5p {21k CCND1 & 3k, 2 #F OS 41 %+ DOX fiif 24 , Ln-
cRNA MALAT 1/miR-154-5p/CCND1 il n] 1§ °& OS fb. 57
i 25 PR AP ZE VAT T A

thEZ B 2025 4F45 36 4555 6 11



2% EBIA, RIk LncRNA MALATL ff U] OS 4
1) DOX it 24504 , FLAL il v i S 38 1k # [7] miR-154-5p/
CCND1HSEI R o AT, AWFFE S BR T AN S 5, J 2
Fe 3 I sh Py SR A TR A o
S 30k
[1] WANG X, ZHOU T J, YANG X, et al. DDRGKI en-

hances osteosarcoma chemoresistance via inhibiting
KEAPI-mediated NRF2 ubiquitination[J]. Adv Sci
(Weinh),2023,10(14) :€2204438.

[2] GUAN H P, XU H, CHEN J S, et al. Circ_ 0001721 en-
hances doxorubicin resistance and promotes tumorige-
nesis in osteosarcoma through miR-758/TCF; axis[J]. Can-
cer Cell Int,2021,21(1):336.

[3]1 MR, kT, T, % . 2 A A R AN
PR F R I AR [1]. S BERLR 72l 2022, 43
(3):53-56.

YE T B,ZHANG Z Y, WANG B R, et al. Effect of doxo-
rubicin on P-glycoprotein expression in human osteosar-
coma cells[J]. J Jinzhou Med Univ,2022,43(3) :53-56.

[4] WAN D Q, QU Y, ZHANG L, et al. The LncRNA
LINC00691 functions as a ceRNA for miRNA-1256 to
suppress osteosarcoma by regulating the expression of STH
[J]. Onco Targets Ther,2020,13:13171-13181.

[5] LIUJX,SHANG G N. The roles of noncoding RNAs in
the development of osteosarcoma stem cells and potential
therapeutic targets[J]. Front Cell Dev Biol, 2022, 10:
773038.

[6] YUE X, WU W Y, DONG M, et al. LncRNA MALAT1
promotes breast cancer progression and doxorubicin resis-
tance via regulating miR-570-3p[J]. Biomed J, 2021, 44
(6 Suppl. 2) : S296-S304.

[7] FEID,YUAN H P,ZHAO M M, et al. LncRNA FGD5-
AS1 potentiates autophagy-associated doxorubicin resis-
tance by regulating the miR-154-5p/WNT5A axis in osteo-
sarcoma[J]. Cell Biol Int,2022,46(11):1937-1946.

[8] NICULESCU $ A,GRECU D C, SIMIONESCU CE, et al.
Immunoexpression of Ki67, p53 and cyclin D1 in osteo-
sarcomas[J]. Rom J Morphol Embryol, 2021, 62 (3) .
743-750.

[9] SHOAIB Z,FAN T M, IRUDAYARAIJ J M K. Osteosar-
coma mechanobiology and therapeutic targets[J]. Br J
Pharmacol,2022,179(2) :201-217.

[10] LI R, RUAN Q, ZHENG J, et al. LINCO01116 promotes
doxorubicin resistance in osteosarcoma by epigenetically
silencing miR-424-5p and inducing epithelial-mesenchymal
transition[J]. Front Pharmacol, 2021, 12:632206.

[11] GODEL M, MORENA D, ANANTHANARAYANAN P,
et al. Small nucleolar RNAs determine resistance to doxo-

rubicin in human osteosarcoma[J]. Int J Mol Sci, 2020, 21

TEZD; 2025455 36 £:4 6 1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(12):4500.
LIN C S,MIAO J F,HE J L, et al. The regulatory mecha-
nism of LncRNA-mediated ceRNA network in osteosar-
coma[J]. Sci Rep,2022,12(1) :8756.
YANG F, WANG M, SHI J L, et al. LncRNA MALAT1
regulates the proliferation, apoptosis, migration, and inva-
sion of osteosarcoma cells by targeting miR-873-5p/
ROCK1[J]. Crit Rev Eukaryot Gene Expr, 2023, 33(2) :
67-79.
LI F J,CHEN X, SHANG C, et al. Bone marrow mesen-
chymal stem cells-derived extracellular vesicles promote
proliferation, invasion and migration of osteosarcoma
cells via the LncRNA MALAT1/miR-143/NRSN2/Wnt/
B-catenin axis[J]. Onco Targets Ther,2021,14:737-749.
AL N 3K SCHE , 4 . Cire_0001461 #1141 ] miR-
30a-5p X A A ML FE R TR 2 (0], AR R
il ,2022,22(8) : 1413-1418.
FAN J Z,CONG F,ZHANG W T,et al. The effect of circ_
0001461 targeting inhibition of miR-30a-5p on the proli-
feration and apoptosis of osteosarcoma cells[J]. Prog Mod
Biomed, 2022,22(8):1413-1418.
TIAN Q, GU Y F, WANG F F, et al. Upregulation of
miRNA-154-5p prevents the tumorigenesis of osteosar-
coma[J]. Biomed Pharmacother, 2020, 124 :109884.
ZHOU J H,XU L, YANG P, et al. Circ-ATADI is overex-
pressed in osteosarcoma (OS) and suppresses the matura-
tion of miR-154-5p to increase cell invasion and migration
[J]. J Orthop Surg Res,2021,16(1):699.
VALLA M,KLZESTAD E, YTTERHUS B, et al. CCND1
amplification in breast cancer-associations with prolifera-
tion, histopathological grade, molecular subtype and prog-
nosis[J]. ] Mammary Gland Biol Neoplasia, 2022,27(1) :
67-717.
XINCF,LUST,LIY,et al. miR-671-5p inhibits tumor
proliferation by blocking cell cycle in osteosarcomal[J].
DNA Cell Biol,2019,38(9) :996-1004.
YANG G, HE F, DUAN H, et al. LncRNA FLVCR-AS1
promotes osteosarcoma growth by targeting miR381-3p/
CCND1[J]. Onco Targets Ther,2020,13:163-172.
LI Z, TIAN J M, CHU Y, et al. Long non-coding RNA
PVT1 (PVT1) affects the expression of CCND1 and pro-
motes doxorubicin resistance in osteosarcoma cells[J]. J
Bone Oncol, 2023,43:100512.
WU J P,WANG C G,DING H Y. LncRNA MALAT1 pro-
motes neuropathic pain progression through the miR-154-
5p/AQPY axis in CCI rat models[J]. Mol Med Rep, 2020,
21(1):291-303.

(R A 91: 2024-09-27  &[71 H 151: 2025-02-18)

(ki 57 %0)

China Pharmacy 2025 Vol. 36 No. 6 <703 -



