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miR-449c inhibits the cell cycle progression of lung adenocarcinoma cells by inhibiting the

expression of c-Myc
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'Department of Oncology , the Affiliated Hospital of Jiangnan University , Wuxi 214000 ;°Research Center for Clinical
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of Cancer Research , Nanjing 210009, China

[Abstract] Objective: The purpose of the current study was to explore the effect and possible mechanism of miR -449¢ on the
occurrence and development of lung adenocarcinoma. Methods: Bioinformatics analysis was used to identify the differentially
expressed microRNAs between samples with lung adenocarcinoma patients at a high risk of recurrence (disease - free survival <6
months ) and samples with lung adenocarcinoma patients at a low risk of recurrence (disease-free survival >60 months). Target gene
prediction and pathway analysis were used to analysis possible mechanisms. RT-PCR was used to detect the expression of miR-449¢ in
lung adenocarcinoma tissues and cell lines. miR -449¢ and c¢-Myc were overexpressed in lung adenocarcinoma cell lines by cell
transfection experiments. Cell growth activity was determined by CCK-8. Cell cycle and apoptosis were detected by flow cytometry.
Western blot analysis was used for relevant protein expression. Results: The results of bioinformatics analysis showed that the
expression of miR -449¢ was significantly decreased in the group of lung adenocarcinoma patients at a high risk of recurrence,
compared with that at a low risk of recurrence. The expression of miR-449¢ was significantly correlated with the clinical stage and
lymph node metastasis of patients with lung adenocarcinoma. The prognosis of patients with low miR-449¢ expression was significantly
worse than that of patients with high miR-449¢ expression. Pathway and functional analysis indicated that miR-449¢ may be involved in

cell cycle progression. Compared with normal tissues, miR -449¢ was significantly lower expressed in lung adenocarcinoma tissues.
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Overexpression of miR - 449¢ inhibited lung adenocarcinoma cell proliferation, resulted in cell cycle arrest in G1 phase, and

downregulated the expression of c-Myc and its downstream cyclins. Overexpression of ¢-Myc could partially counteract the inhibition of

cyclin by miR-449¢. Overexpression of miR-449¢ could also partially counteract the up-regulation of cyclin expression by c¢-Myec.

Conclusion : Lung adenocarcinoma patients with low expression of miR-449¢ have a poor prognosis. Overexpression of miR-449¢ can

regulate the lung adenocarcinoma cell cycle by downregulating ¢-Myc to inhibit the proliferation of lung adenocarcinoma cells. The

results suggest that miR-449¢ may be one of the potential therapeutic targets for lung adenocarcinoma.

[Key words] lung adenocarcinoma;miR-449c; cell cycle ; c-Myc

i A AR AR i L BT Rt e 1 G R
It A8 S g i DL A — N B B, 24
AR 40% >, R BRETA FAR AT 80T .
EIRYT RIEIRIT S 2 MY TB L B A 28
it e BB RIS e o B e o e g e
W, T B Al s A R 1) 4T B RIS 52 8 ()
g S| e

microRNA (miRNA) & —ZE K 0 17~24 nt 1Y
FaBE AESRAY RNA, il 5 mRNA P B AN 25
G FERE S RS VR IR AR miRNA 7]
DAYET Z2 B 1 5 A P R DL R 4 S e e 1)
AR RN R AT IE B miRNA 76 il i Hh & 1
FEEAEN, 41 miR-205 BERS T I COMMD1 £ K {2
AT EE A= 1 miR-218 3 1 45 Slug/ZEB2 55
3 R A M R AR F8T miR-483-3p i ik B ) B
B3 iRz A K 32 AR 58 748 B 3B /N2 e it
PR AR R I 2 {H 5E T miR-449¢ 7 fifi
i v B RGBTSR A R . AR ST A S B A
SR T miR-449¢ ZEft BRI T AER IR IR R T
miR-449c X fii g A0 M ik A= A< 20 e S B A T LA
FAHSRHE PRI IR R4, B TER DT miR-449c¢ X fii it
S R A R R SE I, IR AL 43 B AT e b

1 #RETT A

1.1 ##
1.1.1  4AZ4rARFetmlie %

11 %5 fil i g 4H 40 (X 289 P22 0012 ) Mg 55 4]
2 (MR 4120 5 cm US4 40) B [ P 5t B R
KR E MR BEBE , T 2011451 H 10 H—12 7 15 H
FEFAREERAE . AWFEAS TR R ERKF e
Z G2 e [ RS R AR T (2018)067 5 |, Ir A i
H BT RIS 0 R0 TR BAR AR (i 5
6 F 5% 48 o il R e 40 i PCO L AS49, HCC827 .
H1650 A1 H358 W [ H Rk B L1 A dn Bk 0 5%

[J Nanjing Med Univ,2023,43(11):1494-1502 ]

A PR
1.1.2 #2350

miR-449¢ F1 U6 5| ¥ . miR -449¢ B4 H (miR -
449c-mimic ) S H FIHEXT B (miR-NC) ()7 JH 7 8 1%
YR RA T ) , c-Mye,CDK6 . MET F1B-actin
5| %) (Life Technologies 23 ] , 32 [ ) , c-Myc S U7
JERL (pENTER-c-Myc ) J H: B 4 X} B (pENTER )
(Vigene Biosciences 2 Al , 3¢ [ ) 5 # Y& 7 Lipo-
fectamine 3000 Sz HEHUAN AL RNA %) TR1zol i35 (Invit-
rogen A A , F2[E ) , Prime-Script RT 3] (TaKaRa 2
A, HZ),SYBR Select Master Mix i ] . NuPAGE
10% Bis-Tris #E i (Life Technologies 23 Fl , 32 [H ) ;
CCK-8 17 & \RIPA Z& il \BCA 2 1 5l 5 1771
& \ECL Plus i & (_LIREE Z RAYHOR AT ;R
c-Mye Z Va4 IA i CDK6 £ va i di ik R MET &
SEREPUA e Cyclin D1 Z 5EBEHTIR 4 Cyclin D2 £
SEREDUIR R Cyclin B2 Z 5e BEHTIR 415 1gG-HRP
“$i(Cell Signaling Technology 2 Fl , JE[E ) , fgB-actin
2 5 PR (Bioworld 22 7], 3£ & ) ; FITC Annexin V
PRI & (BD A ], K E) .
1.2 Fik
121 ZFRELRA L

FIH The Cancer Genome Atlas(TCGA ) EUHg FE 3k
15 520>t i g 41 2R 46 498 55 41 211 miRNA #
KB AR L B e PR L, 23 A IR J30 53k A 7 sk 2%
BRG] . ABIFOR AR N S R B E SO A
K KB 20 [ TG A= A7 (disease free survival, DFS) <
6~ H 1,5 NI R B E SONARE K KUK 2H
(DFS>601~H ), FH RAKAFHY Limma G057 156 H P 2H
72 5 3635 1) miRNA (differentially expressed miRNA ,
DEM) , fifiidehnifi Ry P < 0.05 Hollog,FCl > 1,
122 miR-449c 5 & JR 7 32 4F 4E #9 48 5% P AT R
& B HT

FIFH R BAF 53 B 11 451t i 68 £ 5 miR-449¢ &



- 1496 [ S N

AL 11
20234FE 11 A

5 55 MR 43400 | 7 T 9 R A s R B ESCHE 1 OC
It — LRI R AT survival #2 77 6253 B miR -
449¢ X} DFS Fl%5 95 47 55 1 A= 77 1 (disease specific
survival , DSS) F 52 M )

123 ARWeR TSR G EAH

i# 17 Maftools R/Bioconductor #4 N MAF 3C44:
H R I miR-449¢ IR I8 B TR 58 2 {7 BT
FE43H" 0 FIFH GSEA Rl edgeR A #E 47 PR L (]
BRI T e 2 AR ROAF TR, P < 0.05 A
bR o F| A TargetScan (http://www.targetscan.org)
miRanda (http://www.microrna.org) I mirTarBase
(http ://mirtarbase.mbe.nctu.edu.tw) R TII miR-449¢
(HLIEEIN . 1T KEGG F1 GO @B A AT AT REIERE
PP PR 30 i 1 30 e PR v o B2 A5 5 e S B R
I, P < 0.05 AT ERRE,

124 3R R k5

W A E T 37 °C 5% CO. MR FRA b & A
10% i34 L35 19 RPMI 1640 5537 35615 3% | 130 3~4 d
TR O BUE KA i b T 6 FLAR , 24 h SR
# Lipofectamine 3000 15 W1 5 (1% 20 B§ , 4 miR-449c-
mimic 5 miR-NC Fl/g{ pENTER-c-Mye & pENTER %%
i e A
1.2.5 RT-PCR 5%

FRAE A 45, £ F TR Lzol 12871 DA 41 it mp 2 B
RNA, i /] Prime-Script RT 3277 #5473 5% 5% )2 v o
S 9EOGE | PCR {4 ] SYBR Select Master Mix £E
7300 Real-Time PCR R 4L L iEAT o 519751 W.3&
Lo LA272¢ SH3R AL SRR AR FIAA L miR-449c¢ A XS
Feakht, DL 2 TR Y S A rp R AR X 2 3k
K-

#£1 HATRT-PCRESI#FT]
Table 1 Primers used for RT-PCR

FER A FR 5l¥1(5'—3")

c-Mye F:GCCAGCCCTGAGCCCCTAGT
R:GGGCTGTGCGGAGGTTTGCT

MET F:AGCAATGGGGAGTGTAAAGAGG
R:CCCAGTCTTGTACTCAGCAAC

CDK6 F:CCAGATGGCTCTAACCTCAGT
R:AACTTCCACGAAAAAGAGGCTT

B-actin F:GATGAGATTGGCATGGCTTT

R:CACCTTCACCGTTCCAGTTT

1.2.6 CCK-8 5
O B A K340 0 L) 5 000 4~/FLERP T 96 £L
M, 24 h G EYs BB 6 A FATHL , 20 ol e 5 e

J& 1.2.3 dJINA CCK-8 BAFIMEE 1 h, FH B (G
450 nm AL
1.2.7 AR I AR 5 4a R JE) A

A FE Y 3 d e, WA AR AL, 1 000 t/min 5 L
5 min, PBS VRN 2 K, 7E-20 C N & T 70% L BE
HEE . [FESG,PBS PRI 2K, A& A RNase A )
50 mg/mL PI 4% (3, 2 N #E G A 30 min,
FACScan JiCAR LA HT 41 LS A
1.2.8 A fm e A 4a e 8

ALY 3 d e, ISE AN, 1 000 r/min 5.0
5 min; PBS VLU 29X, Binding Buffer T2, 435140
A FITC-Annexin V A P1 4% 5 wL, #5650 & 20 min.
FH Binding Buffer #b & A& F % 500 pL, FACScan i 2
S LA SR D A L R 1%
1.2.9 Western blot 5#7

e 3 d 5 40 FH V8 PBS T U8 2 UK, AT
RIPA 2% i 540 WA 24, T4 °C .14 000 g 5.0
15 min, B3 BCA 8 1 B0 2 175 & I 2
PR . 5 725 ME )5 76 NuPAGE 10% Bis-Tris 5
Je L HL K, Bk 2 B4 FH 300 mA JB A% 2 h, 75 8 A 5
F2 2 PVDF B L5, FH 5% B RS W5 8 v B A 1 b
IMA—PUIE4 CFIFE R, TBST iH UG 7 IR E
“HU1 he TBSTH MG ECLAL2A &Gk B R 41k
S RICHUR R SRR H 454
13 %itsr ik

i H GraphPad Prism 27 8 U474 110 1. 1t
HPRER Y B bR ifE2E (x £ 5) £7R o Student’ s ¢-
K 56 5% Wilcoxon Fk FIURE B8 PEAL 2H 18] 22 5% . Fr A3 5
W EE 3K, P <0.05 HESFERIT¥E L.

2 & R

2.1 AHRRSE B F miR-449c &k 5 6 KR B S 45 AE
Fefi )G 0y % %

A 254 I 35 25 57 R 1 miRNA |, H o il i 9
T R RS A A 184 miRNA T i (4245 miR-
449¢), 71 miRNA L3 (8] 1A) . miR-449¢ 3Rk
5 g 430 CI/IV 35 171031 He 4, P=0.006, &
1B) FIitk L 45 R A (FH M S5 B L%, P=0.03, K] 1C)
A2, bR 43300 125 9 FRUE miR-449¢ kI, Ikt 45
FHAE B35 miR-449c Rk K, AEAE5 T 7R, miR-
449 55 fiti B3 95 H A9 DFS 1 DSS AH ¢ (P=0.012 Fil
P=0.011, [ 1D .E) fRFIXFERIUG AR .
22 REMEGENH

TE miR-449c¢ 1% 3% 125 Fili Ji 96 9 191] 114 # i F~ 2H H



HEA3E 111 %

WL RO 5,4, miR-449¢ ] o-Mye B2 i 40 e Jl ST E AR [0 .

2023411 H B ERR A 4 (A ARF A ,2023,43(11) £ 1494-1502 - 1497 -
A ] B Kk C *
| : :
I 61 : 61 ’
i g
' £ X
| g 4 ¢ . g 4l M .
— hsa-mir-1 237 I N I hsa-mir-494 N © 3)
— hsa-mir-552 o L5 A . A . M
g2+ r I S : NS :
= hsa-mir 728 A E o= H =] 1
;j LA | | _‘_i’%‘k g 21 T g 2
. ® 5
- . B M )" Y [ O_LA . N
J— . I T T T T
I L agiing s W LRI L
| g I (r=113)  (n=37) (n=56)  (n=90)
I - > o *Y I
Y A IR
! ‘i’ I
i — ! . !
-2 -1 0 1
log,(Fold Change )
D004 miR-449¢ ik (n=175) 1.00 4 miR-449¢ (5 14 (n=296)
“ miR-449c¢ K%k (n=116) “= miR-449¢ X334 (n=163)
0.75 1 - 0.75 -
- - e
EOSO . £ 0.50 1 ‘ﬁﬁu
L - = Ea . I
0251 1oo12 0257 L 0011
0 L T T 0 L

0 25 50 75 100 125
FECH )

0 30 60 9% 120
IR CH )

A K R B R B 4 (n=6) SRR & KUK 41 (n=30) 22 [H] 22 52 F 35 A9 miRNA , W5 25 FIZT 05 20 01 2 (i 3 IR A L 35 3Rk Y
miRNA; B C: #§2XE B8 miR-449c #3515 M98 4330 (B) FIibk LS5 R (CO IR 5 D B AEAE 50 HT s miR-449¢ 38 5 i i /8% 19 DFS(D)

FIDSS(E)KFR . B, P <0.05,"P<0.01,

El1 miR-449c FIR LK F .miR-449c 5 R HmIBEFERIE X SR ETFD I

Figure 1 The expression of miR-449c, correlation between miR-449c and clinicopathological features, and survival analysis
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Figure 2 Mutates and enrichment analysis
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Figure 4 The effects of miR-449c on apoptosis and cell cycle of lung adenocarcinoma cells
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