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miR-323a-3p regulats the proliferation, migration and invasion of NSCLC A549
cells through targeting TM4SF1

JIN Man, WANG Tonghui, REN Xiaofei, LI Miao (Department of Oncology, the Fifth People's Hospital of Qinghai Province, Xining
810000, Qinghai, China)

[Abstract] Objective: To explore the expression of miR-323a-3p and transmembrane 4 super family member 1 (TM4SF1) in lung
cancer tissues and cells, and the target regulatory relationship between them, and to observe their effects on the proliferation, migration
and invasion of lung cancer A549 cells, as well as their effects on the growth of A549 cell transplanted tumors in nude mice. Methods:
Twenty pairs of lung cancer tissues and their corresponding paracancerous tissues were collected from January 2014 to December 2014
in Qinghai Provincial People's Hospital. The expressions of miR-323a-3p, mRNA and TM4SF1 expression of TM4SF1 in lung cancer
tissues were detected by qPCR and WB methods. A549 cells were transfected with miR-323a-3p mimic, and the effects of miR-323a-3p
overexpression on cell proliferation, migration and invasion as well as protein expression of TM4SF1, cyclin D1, p21, MMP-2 and
MMP-9 were detected by MTT method, Transwell method and WB method, respectively. The targeting relationship between miR-323a-
3p and TM4SF1 was analyzed using the bioinformatics prediction tool StarBase and dual-luciferase reporter gene experiments. A549
cells were transfected with si-TM4SF1, miR-323a-3p+pcDNA or miR-323a-3p+pcDNA-TM4SF1, respectively, and the changes in
proliferation, migration and invasion of A549 cells were evaluated. In the meanwhile, xenograft model was established in BALB/c nude
mice by transplanting A549 cells with various treatment, and the xenograft volume was measured and calculated on day 14, 21 and 28.
Results: Compared with paracancerous tissues, the expression levels of miR-323a-3p in lung cancer tissues were significantly down-
regulated, while the mRNA and protein levels of TM4SF1 were significantly up-regulated (all P<0.01). Overexpression of miR-323a-3p

or inhibition of TM4SF1 expression reduced the proliferation, migration, and invasion of A549 cells, as well as the expression of cyclin
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D1, MMP-2, and MMP-9 proteins, but promoted the expression of p21 protein (all P<0.01). StarBase prediction and dual-luciferase

gene reporter experiment showed that miR-323a-3p could complimentarily bind with TM4SF1 and regulate its expression. After up-

regulation of TM4SF1 expression, the inhibitory effects of miR-323a-3p overexpression on malignant biological behaviors of A549

cells and protein expression of cyclin D1, MMP-2 and MMP-9, as well as tumor growth in nude mice were reversed (all P<0.01);

moreover, the promotive effect of miR-323a-3p overexpression on the protein expression of p21 was also reversed (P<0.01).

Conclusion: miR-323a-3p inhibits proliferation, migration and invasion of A549 cells and suppresses xenograft growth in nude mice by

downregulating TM4SF1 expression.

[Key words] non-small cell lung cancer (NSCLC); A549 cell; miR-323a-3p; transmembrane 4 super family member 1 (TM4SF1);

proliferation; migration; invasion
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NSCLC 4/l A549 It H 3% [ ATCC A 7], 54 R
Tt ME T BALB/c R B H AL 5 48 B R W] [VF AT HIE
5 : SCXK (51)2019-0008], DMEM % 5% 3 4 [ 3
Gibco A F] , miR-323a-3p mimic/inhibitor A % H B 14
%J # miR-NC . anti-miR-NC F1 TM4SF1 /) T $t RNA
(si-TM4SFD) . /N T #t RNA BH % %} I8 (si-NC) <
TM4SF1 it %1% ik (pcDNA-TM4SF1) i %34 BH 14
%ot B8 R pcDNA 6 H ) M RiboBio /A 7] , GAPDH
Yo BT [ A [ Beyotime A W) E AR BT 5 T, 41 i
JA AR [ D1 (cyclin D1 % 5 58 BEPLIA p21 H i o [
Pr  MMP-2 fg B 58 [ BT AR . MMP-9 H 5. 50 [ 4 1
)0 H 3£ [E Abcam 2 7] , TMA4SF1 %t £ o B PiiA 35
R 3ok 48 Ak 9 B A BB 1 Ll 2E P B i e 3R

Santa Cruz A # , MTT J H Sigma-Aldrich 22 A ,
TagMan PCR £l i 71 & 04 B Ab 30 KRR A1k A 7],
Lipofectamine™ 2000 1457 5 3% [ Invitrogen 22 7

AHFFRAE 2014 4E 1 H 220144 12 H 2 1A, H 4
AT HEBEE L NRERHIZE 20 6] NSCLC 37,
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1R B MG R E T, AR AR T qPCR A
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1.2 qPCR # M NSCLC %2 22 5 4m J. *F miR-323a-3p
#2 TM4SF1 mRNA #) % i&

f#i F TRIzol i 7 #& HL &L RNA, 2 45 NSCLC 41
2 557 IR0 il A549 , i 3 NanoDrop 2000 435
TR I RNA K o SR 5 44 ) v 82 7 1L
F& 5 A8 A I B sk 1) &gk 47 IC% 5% - TagMan PCR
TR 7 & 3347 PCR.  # U48 A1 GAPDH F 1E P Y8 %
R, BL 22T 5 43 miR-323a-3p Al TM4SF1 mRNA
1 & IE K P . U48 IE 7] 5] %) 5'-TGACCCCAG
GTAACTCTGAGTGTGT-3', Jx [f] 5] #) N 5-AAC
TCAAGGTTCTTCCAGTCACG-3'; GAPDH IE 1] 5]
YN 5'-GGAGTCAACGGATTTGGT-3', J% [ 51 ¥ N
5'-GTGATGGGATTTCCATTGAT-3'; miR-323a-3p 1E
M 5 ¥~ 5'-CACATTACACGGTCGACCT-3', J% [
51 ¥ N 5-AACTCAAGGTTCTTCCAGTCACG-3';
TM4SF1 1E [7] 5] %) N 5'-GGTTCTTTTCTGGCATCG
TAGGAGGTG-3', Jz [ 5| #)H4 5'-CTGGCCGAGGGA
ATCAAGACATAGTG-3'.
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A549 4fl g H DMEM 5 7% 3 T 37 °C . 5% CO, [
RN R IR . AS49 4 i % gL i, BL 1x10° AN/ 4L
[R5 B 2 bl T 6 FLAR , K541 5 9 miR-NC 2H (% ¢
miR-NC) . miR-323a-3p 41 ( # % miR-323a-3p
mimic) . anti-miR-323a-3p 41 ( ¥ 4 miR-323a-3p
inhibitor) . anti-miR-NC 2H (¥%4 4% anti-miR-NC) . si-NC
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Y (L YL si-NC)  si-TM4SF1 4 (3 4 si-TM4SF1) «
miR-323a-3p+pcDNA 21 (L #% 4t miR-323a-3p mimic
A1 pcDNA) . miR-323a-3p+pcDNA-TMA4SF1 4 (3t #%
¥ miR-323a-3p mimic Al pcDNA-TM4SF1) . 4%
34T AL . IR A M = 60% I & B, fEH
Lipofectamine™ 20007744 , # YLt [A] /9 48 h.
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89 & AR X AS49 tm iR 38 5h AR 7 B9 R

K 5 A549 A0 4 Fh T 96 FLAR H, 5x10° A4/
FL, 53 B AE 55 3% 24,48 AL 72 h i, &AL 100 uL
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AS49 M FEFRFE B, T EIINE 10% 16 25
' DMEM ¥ 3% 3¢ . 7£37 °C.5% CO, 537 24 h )5 ,
W 2 B Al M 7E S8R T A 10% FF B [E] 52 20 min, 7R
Filh T 0.5% 45 i 5K 44 510 min, 77622 BB
T
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D1.p21 .MMP-2 .MMP-9 & & % iX 49 %

f81 FH RIPA i 22 52 IX NSCLC 4 21 81 A549
YL S ER 1, IR A BCA B A e &l 7 &l o
EARSE. WS EEA GO pg/ikiE) 17
SDS-PAGE (10% #E %) , 28 J5 ¥ 25 (1 2% iy 17 7% %
B 8 OB L, 72 =0T H 5% BiE 4 95 &
4] 60 min, T TM4SF1. cyclin D1 . p21 . MMP-2 .
MMP-9 F1 GAPDH Hi 1A (1:1 000 F#i%) , 7E 4 °C R i
B 5 IS BRI A Y R AR R P
(1:5 000 Fke) — /e = I T AUE 60 min. I3 55
Ak 5 e AR I B AR B E . B, A
Image] 73 #8254 R K FE4E , DL GAPDH A
S E H N E AN RIE R
1.7  AfE 82N A3 0 £ B A B S5
A7 miR-323a-3p 5 TM4SF1 Z 4] &4 2. &) if 45 % &

FI| H StarBase Chttp://starbase.sysu.edu.cn/) 7 &
T H 7 miR-323a-3p 5 TM4SF1 1) 3' LR X
(UTR) B A AN X731 . ¥ A miR-323a-3p
g AL S B AE R (WT) B R A A (MUT)
TMA4SF1-3' UTR #fi A\ pGL3 %¢ 't 2 il 2 14 1, 43 51
fir 4 AN TM4SFI-WT. TM4SF1-MUT. fii Hi

=

Lipofectamine™ 2000 i 77 * TM4SFI-WT &{
TM4SF1-MUT A1 50 nmol/L miR-323a-3p mimic 5§
50 nmol/L miR-NC JL4% 4L 48 A549 4 Jiil , % 4% 48 h
Je AR AR A8 U I X R T R
GEkAT R R BEIE I 73 BT
1.8 #R R A5 4 % % 4% miR-323a-3p 5 TM4SF1
B 69 & A A AE I ASA9 tm R AS AR R A K AE A 69 %k

BALB/c # s # 1 98 (1) &2 37 2 ] SRk [9-10] 32
170 AS49 AHMIA L G Ja B 5x 104 o E 5 2R B
FIA MR B R o 43 A miR-NC 41 .miR-323a-3p 41 .
si-NC 4 . si-TM4SF12HmiR-323a-3p+pcDNAZHImiR-
323a-3p+pcDNA-TM4SF1 41, £:21 9 R AR . 4 A 7E
55 14.21 F1 28 AT A Jiebr -~ RO & b VAR, o
HR MR, THE A O =K AxE AR 72,
1.9 %itgie

K5 K FH SPSS22.0 AT AT i1t AL FE , 45 AR
TNNX E 5o RHH ek I EEAT P ZH IR B0HE LU A, SR B
DRl 28 7 22 43 i iR AT 22 280 1) LU %, R SNK-q £
55 3047 22 ZH 1A P PR LA, DL P<0.05 Fl1 P<0.01 3R 22
SEAG R

2 & R

2.1 miR-323a-3p #2 TM4SF1 £ NSCLC 41 £ % &
K&

qPCR il 5 R 27w , 59 55 2 LU, i 24
21 miR-323a-3p % 15 /K 7 B & B (X , TM4SF1
mRNA F£ & /K-F &% T+ & (& 1A B, 3 P<0.01) .
WB H il 25 SR K B, 5 9 55 2 LA, it e 4H 24
TMA4SF1 & R IA 7K1 B B F 5 (B 1C, P<0.01) 6
2.2 miR-323a-3p id & A fE AS49 tm 64 3 54 7k /) R 55

qPCR £ W 45 B & /8, A549 41 Ha H ¥ gL
miR-323a-3p mimic /5,5 miR-NC 4%, miR-323a-3p
H miR-323a-3p F k7K -F- W] & T+ & (B 2A, P<0.01) .
MTT £l 34 7R , 5 miR-NC 41 L4, miR-323a-3p
248 F1 72 h I 1 4 i IS GE RE ) W R ek 55 (&1 2B, 1
P<0.01) . WB il 45 2R % B , miR-323a-3p 4 cyclin
D1 & A % & /K °F b miR-NC 41 [ i (& 2C, P<
0.01),p21 & H & ik 7K °F & miR-NC 4 Ft 5 (&
2C,P<0.01).
2.3 miR-323a-3p iT & k1% A549 tm ety i A5 54 £
AE 71 555

Transwell SEEGAS 25 B 7R , miR-323a-3p 2 A549
11t P 3T % 4T it ORI 1R 28 40 it BB B4 T miR-NC 41
(E3A, 3 P<0.01). WBIEFNZE R KW, 5 miR-NC
#H L 5% , miR-323a-3p ZH il Jifd - MMP-2 . MMP-9 5 [
FAE K P B BIECEI3B, 33 P<0.0D .
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323a-3p mimict+pcDNA #1 [t # , miR-323a-3p+
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