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MiR-373-3p Promotes Invasion and Metastasis of Lung Adenocarcinoma Cells
Aibing WU, Jinmei LI, Kunpeng WU, Yanli MO, Yiping LUO, Haiyin YE, Xiang SHEN, Shujun LI, Yahai LIANG, Meilian LIU,
Zhixiong YANG
Department of Oncology, Affiliated Hospital of Guangdong Medical College, Zhanjiang 524000, China

Corresponding author: Zhixiong YANG, E-mail: yangzhixiong068@126.com

[ Abstract ] Background and objective Lung cancer is the leading cause of cancer-related deaths worldwide, and
metastasis is the major cause of death in lung cancer patients. MiR-373 is closely associated with invasion and metastasis in
other tumor cells. This study explored the expression of miR-373-3p in non-small cell lung cancer (NSCLC) and its effect on
the invasive and metastatic capabilities of lung adenocarcinoma cells, as well as their mechanisms of action. Methods The
expression of miR-373-3p in NSCLC tissues and lung adenocarcinoma cell lines was detected by quantitative reverse transcrip-
tion polymerase chain reaction. The roles of miR-373-3p in regulating lung adenocarcinoma cell invasion and metastatic prop-
erties were analyzed with miR-373-3p mimic/inhibitor-transfected cells via Transwell chamber assay. Matrix metalloproteinase
MMP-9 and MMP-14 protein levels were detected by Western blot in lung cancer cells after transfection. Results MiR-373-
3p was upregulated in S1 NSCLC tissues and 5 NSCLC cell lines. Gain-of-function and loss-of-function studies showed that
overexpression of miR-373-3p promoted H1299 cell migration and invasion, which resulted in upregulation of MMP-9 and
MMP-14. By contrast, miR-373-3p knockdown inhibited these processes in AS49 cells and downregulated the expression of
MMP-9 and MMP-14. Conclusion Our results demonstrated that miR-373-3p participated in the invasion and metastasis of
lung adenocarcinoma cells, partly by upregulation of MMP-9 and MMP-14.
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L, [V B AT it B8 0 3R b 38 T HimiR-373-
3p e % i s 240 £ 2 5 R RE T S

1 HRSTE

L1 BPRE AN R A PR AS49 . H1299, H197S,
SPC-Al, PCOMIEH S UE b R AU HBE A SL 50 %
FEBE s AE/ N T g 2H bR AR S 19 L 55 2H 2UbR AR 39
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e 5 e i PCRIZUH €111 H TAKARA; PCRY )4
BN 2 M8 57 FH A9 164015 32 3601 A Invitrogen; 4 I
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( matrix metalloproteinase-9, MMP-9 ) FIMMP 14577 [ 4
PUABUARIG [ CST; RIPAZHIL . BCAHE [ it S
R G A FEp e 2wl
1.2 J5ik
1.2.1 SERF9OEERPCR (qRT-PCR) Al i 4 41 21
i 965 40 AR P A miR-373-3p I & Ml bn AS , VK EBIF
B R AR S A Trizol3E BUSLRNA, )i/ F PrimeScript®
miRNA cDNA Synthesis KitffmicroRNA % 5 ifi.cDNA,
38 320 9 6 1 P R A I it 98 41 2 miR-373-3p % AH X)
FRIRTKT o WA Ah 5% B2 K T A it R R A L, PBS
VEWIIE , SN ATrizold& B RNA, S 4% 5 J5 #E47qRT-
PCREG I . Has-miR-373-3p 1N Z U6 it 5] ¥ )7 5
51k $-GAAGTGCTTCGATTTTGGGGTGT-3"Hl
5’-CTCGCTICGGCAGCACA-3’, HIL[H F 5|4 Uni-miR
qPCREL T AETAKARA A N . W % K LightCycler®
AT SEI DO S PCRAGIN . F3AL10 uLIR R, & 3T
1ikE, USTERNINS . HEARZI 3O N B S0, frdd
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T .

1.2.2 G Gs K ihF X ECE KB AS49 FIH 12994
Mo F oL, Frdi oA KA B K 60%-70%HT
F| Flipo3000%% Y4 ik 5 - hsa-miR-373-3p mimics iz H: [
PEXTHR ( negative control, NC ) Wb} Yt £ H129940 g
1, $thsa-miR-373-3p inhibitor FINCEHT 4% 4t = AS494H
LA B e B 3 R TG IR TE UL 164035 52 L, 6 bl
e p Fr10%FBSHY 3 IR 5L, Fo k48 hm, WeAEdnif, 2
HURNA, H]qRT-PCREKG I FE Y /i 5 40 e miR-373-
3p LMMP-9 . MMP-143EFmRNAM M AE . 5 YL 7 41
QR . hsa-miR-373-3p mimics: sense S-GAAGUGCUU
CGAUUUUGGGGUGU- 3’, anti-sense 5S>~ ACCCCAAAA
UCGAAGCACUUCUU-3’; mimics NC; sense $>-UUCU
CCGAACGUGUCACGUTT- 3’; anti-sense S~ACGUGA
CACGUUCGGAGAATT-3’; hsa-miR-373-3p inhibitor:
$"ACACCCCAAAAUCGAAGCACUUC-3’, inhibitorNC:
5-CAGUACUUUUGUGUAGUACAA-3’, MMP-9 | 5]
Y. $-GCAATGCTGATGGGAAACCC- 3’; MMP-9 Fijif5]
Y. S-AGAAGCCGAAGAGCTTGTCC- 3’, MMP-14 |}
2|4. $-ATCTGCCTCTGCCTCACCTA- 3’; MMP-14 |
519 5$-AAGCCCCATCCAAGGCTAAC- 3,

1.2.3 RS BRI R H1299 FIAS49 41 i 424
Tefltl, #448 hfm, LAEEFL200 wLAY0.25% A 1L
YA, G LI Y 164035 5 Jk H1 Ak I e 5% 4 ffa 25 )3 3
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1 qRT-PCR#&MmIR-373-3pZEREIRAHHIFRIL, AL MiR-373-3pf&ERiEALR (n=51) hEEFALR (n=39) HFE (P=0.011,9) ;B:MiR-373-3pFEhikz
ENSEERNREERERITFEEX (P=0.904,9) ; C:MiR-373-3pEEMBEEBHERALAPREMNREBEEBHELALASRIE (P=0.008,7) .
Fig 1 gRT-PCR of miR-373-3p expression in lung cancer tissue. A: The expression of miR-373-3p was up-regulated in lung cancer; B: MiR-373-3p

was not sinificantly different between adenocarcinoma and squamous carcinoma; C: Higher expression was shown in lung cancer with lymph

node metastasis. *: P<0.05; NS: P>0.05.
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1 ARG EE R IR R FEEFESmIR-373-3pRiEMK R

Tab 1 Clinicopathologic features of non-small cell lung cancer patients and the expression of miR-373-3p

Clinicopathologic features Case number ACt (Mean+SD) miR-373-3p Pvalue

Age (yr) 0.188
<60 23 8.31+0.34
=60 28 8.98+0.33

Gender 0.058
Male 31 8.40%1.17
Female 20 9.39+0.78

Smoking history 0.174
Yes 26 7.77+£1.21
No 25 8.68+1.42

Pathological type 0.420
Squamous carcinoma 24 9.11£1.85
Adenocarcinoma 27 8.54%+1.76

Cell differentiation 0.271
Well 15 8.32%1.30
Moderately 16 9.16%1.35
Poorly 20 8.33+1.26

Tumor stage 0.014
T1-T2 30 9.16+1.36
T3-T4 21 7.50%1.35

Lymph node metastasis 0.004*
Present 28 7.88+1.58
Absent 23 9.45+0.98

0.0004 %

0.0003

0.0002

0.0001

miR-373 relative quantitation 2A(-A Ct)

0.0000
HBE  H1299 PC9  SPCAT H1975 A549

3pMRIA IR B (P=0.005,8 ) . L4 ili i 20 i
miR-373-3pFIRTELL, FRATIEREAEmIR-373-3pAHIXT KA
AR AIH12994 if v o) ik miR-373-3p, 7EmiR-373-
3pAHXT ek K- fi i A AS49 2 g H 7 il miR-373-3p i
%

2.3 YRS 40 i miR-373-3p X MMP-9 . MMP-14J%

B 2 qRT-PCR#&MmIR-373-3p AR Mk AR 1L, MIR-373-3p7E
SHRTEREAMEPNRIE K PREEXSE LR AMARIES. 1HEHBE
48, *P<0.05,

Fig 2 qRT-PCR of miR-373-3p expression in lung adenocarcinoma
cancer cell lines. The expression level of miR-373-3p is sinificantly
higher in lung adenocarcinoma cancer cell lines (n=5) than in normal
bronchial epithelial cell (HBE). *: P<0.05, when compared with HBE.

PImRNAZKF- 128 B 2 e 2244 miR-373-3p mimics
5L EmiR-373-3p Rk B AN IR H129941 i, 5
NCZHAH I, mimicsZdmiR-373-3p ( P=0.006 ) FIMMP-9
( P<0.001 ) . MMP-14 ( P<0.001 ) [¥)33k B W3,

#miR-373-3p inhibitors Yt EmiR-373-3p & ik & A X]
I F AS494 il b, SNCZAHLL, inhibitorZd miR-
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373-3p (P=0.019,2 ) FIMMP-9 ( P<0.001 ) . MMP-14
(P<0.001 ) FYFRAIE TR (E3) .

2.4 miR-373-3pfE il i A L 228 5 7E Transwell
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3plf Rk G ASA9A ML iE AL BE J) T FES4% (P=0.012)
(F4A) 3 SEBEBEER—F00E, fETranswel U NE
R R ZE I T, 2 R EmiR-373-3p T H129941 i i) (=
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2.5 MAFmiR-373-3pfY K IEXTMMP-9 . MMP-14%E [ 5%
Ml AH EEXTREZH A0, %% Y4 miR-373-3p mimics 2 ffl
MMP-9, MMP-14%5 KA Bl 5XFRAAMELL, Y
miR-373-3p inhibitor i 4f il HMMP-9 . MMP-143F [k
T (ES) .

25 A549

2.0

1.0

0.5

miR-373 relative quantitation 2A(-A ACt)

0.0
miR-373-3p inhibitor NC

miR-373-3p inhibitor

NC
1.5 * *

1.2
0.9
0.6

0.3

miR-373 relative quantitation 2A(-A ACt)

0.0

MMP-9 MMP-14

B 3 #HFEHMAHmIR-373-3p. MMP-9FIMMP-14ZE HIMRNAKE, A:EEmiR-373-3p mimics/FH1299488HmiR-373-3pHIFRIER B IEIN, BEEEmIR-
373-3p inhibitor/FA54948fEF miR-373-3pBIRIEA A D, * 1 P<0.05; B 1 idFRixmiR-373-3p/EH1299 4 FEHFMMP-9. MMP-14EE#ImRNARSE Eif ; #
FImiR-373-3pRIE/FAS49 A FIMMP-9. MMP-14EEHImRNARRE T, * : P<0.05,

Fig 3 mRNA level of miR-373-3p, MMP-9 and MMP-14 in transfected lung cancer cell lines. A: H1299 cells transfected with miR-373-3p mimics
showed an increase in miR-373-3p expression, while A549 cells transfected with miR-373-3p inhibitor resulted in significantly decreased miR-373-

3p expression. *: P<0.05 when compared with corresponding negative control. B: mRNA expression of MMP-9 and MMP-14 was up-regulation in

H1299 cells with miR-373-3p overexpression, while these genes were down-regulation in A549 with miR-373-3p knock-down. *: P<0.05.
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4 miR-37331AhAR BT SR A NMZM, ALEBL, FEmIR-373 mimicsHIRFHH1299MAIER, FFmiR-373 inhibitor/FHHIAS494 AT
% B REEHE, HEmiR-373 mimics/FH12994 MR &AL /11E5E, 5 miR-373 inhibitor/FA5494 AR A /T T M, * 1 P<0.05.
Fig 4 Effects of miR-373 on the migration and invasion of lung adenocarcinoma cancer cells in vitro. A: Migration assay. H1299 cells transfected

with miR-373 mimics showed an increase in migration capability, while A549 cells transfected with miR-373 inhibitor resulted in significantly

decreased migration capability. *: P<0.05 when compared with corresponding negative control. B: Invasion assay. Promotion of invasion ability
was shown in H1299 transfected with miR-373 mimics, while A549 cells transfected with miR-373 inhibitor lead to the significantly decrease of
invasion ability. *: P<0.05 when compared with corresponding negative control.
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MMP-14 5 HERMEFIMMP-9. MMP-14ZRMRIEKTE,
#miR-373-3p mimics/FH129948 8 MMP-9. MMP-14
EHFRIE LA #%$miR-373-p inhibitor/FA549 4 i H
MMP-9. MMP-14 AT,
MMP-9 EARIETH
Fig 5 Expression of MMP-9 and MMP-14 protein in cells
after tranfection. Up-regulation of MMP-9 and MMP-14
protein in H1299 cells transfected with miR-373-3p
B-actin mimics, while down-regulation of MMP-9 and MMP-14
protein in A549 cells transfected with miR-373-3p
H1299 A549 inhibitor.
3 it AP R TR R U BRI, H IH1299

MiR-3737E Z I i h ¥ B 3Rk, I i
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R R R . A5 W58 B miR-3737E FLIR A h 263k -
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A FAZ A 25 A E A R A (mechanistic target
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T8 Ras/Raf/MEK /Exk {55 518 [ F15% 5 F T~ ( nuclear factor
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BT IO E AR RE Y, T3 ANT3M- T4 A NSCLCH 41
miR-373-3p M iAW m T TUN-T281 0y, #a it FATIh
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