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miR-378a-3p Targets NUAK?2 to Inhibit Proliferation, Migration, and Invasion of Breast
Cancer Cells
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Abstract: Objective To explore the mechanism of microRNA-378a-3p (miR-378a-3p) affecting the deve-
lopment of breast cancer (BC) cells. Methods The expression of miR-378a-3p in BC cells based on the
Cancer Genome Atlas Program database was analyzed. The starBase, miRDB, and miRWalk databases were
used to predict the target genes of miR-378a-3p. Double-luciferase reporter experiments were performed to
verify the targeted regulation of miR-378a-3p on NUAK family kinase 2 (NUAK2). Real-time fluorescence
quantitative PCR and Western blot analyses were used to detect the expression of miR-378a-3p and NUAK2
mRNA and protein in BC cells. Cell proliferation ability was detected through cell-proliferation experiments.
Cell scratch assay and invasion assay were used to detect the migration and invasion abilities of cells,
respectively. Apoptosis and cell-cycle experiments were conducted to detect cell apoptosis rate and cell cycle
distribution. Results The expression of miR-378a-3p was significantly downregulated in BC cells, and miR-
378a-3p overexpression inhibited the proliferation, migration, and invasion of BC cells. miR-378a-3p directly
targeted NUAK?2 and inhibited the mRNA and protein expression of NUAK2. Conclusion miR-378a-3p
inhibits the proliferation, migration, and invasion of BC cells by targeting NUAK2.
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&1 qRT-PCR3|#1FFI%
Table1 RT-PCR primer sequences

Genes Primer sequence
Forward primer:
5'-CTCAATGGTGTCGTGGAGT-3’
Reverse primer:
5-GGGACTGGACTTGGAGTC-3'
Forward primer:
5'-CTCGCTTCGGGCAGCACA-3'
Reverse primer:
5'-AACGCTTCACGAATTTGCGT-3'
Forward primer:

5'- GCACAGCCTACTGATTCCCC-3'
Reverse primer:
5'-TCTTCATTAGGGGCTTGGGC-3'
Forward primer:
5-TCACCATGGATGATGATATCGC-3'
Reverse primer:
5'-AATCCTTCTGACCCATGCC-3'
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A: Volcano plot of differential miRNAs; B: box-line plot of miR-378a-3p expression in normal and tumor tissues; C: qRT-PCR to detect the

expression level of miR-378a-3p in the human mammary epithelial cell line MCF-12F and the human breast cancer cell lines MCF7, MDM-MB-231,

and SK-BR-3; *: P<0.05, compared with the MCF-12F group.
El1 miR-378a-3pZEFLARE AR RIRRIA
Figure 1

Low expression of miR-378a-3p in breast cancer cells
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A: qRT-PCR assay; B: CCK-8 assay; C: clone formation assay, *: P<0.05, compared with the NC-mimic group; D: scratch healing assay (40x);
E: cell invasion assay (100x), *: P<0.05, compared with the NC-mimic group; F: cell cycle assay; G: apoptosis assay, *: P<0.05, compared with the

NC-mimic group.
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Figure 2

promoted apoptosis of breast cancer cells
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Overexpression of miR-378a-3p inhibited proliferation, migration, and invasion of breast cancer cells and
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Figure 3 NUAK?2 was highly expressed in breast cancer cells, and miR-378a-3p targeted and regulated NUAK2
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Figure 4 miR-378a-3p targeting NUAK?2 inhibited proliferation, migration, and invasion of breast cancer cells and prom-
oted apoptosis



AYBERH a8 I 272024 F 555155568 Cancer Res Prev Treat,2024,Vol.51,No.6

. 439 -

PSR EZ o A58 78 T miR-378a-3p A fig
i I EAE L I NUAK K I8 5 FLAR R & e . 45 R &
B IEH LR I R AR A L, LB 20 A )
miR-378a-3pl*) Rk N i, HCCK-8. TalEIE AL .
KR . =28 A R 45 2 2% B miR-378a-3pit 3
K AN T AR IMDA-MB-23 1 1345 | 1T
AR ZERE )1, FHEHE TMDA-MB-23 140 T,

NUAK2E—N B4 B0 &, 7RI 2 g
£ e R T 200 SO PR R 4 R A 1
AHIFFE 3 1 S ERIE S T NUAK242miR-378a-3pf
PE0by, HAEZLMVEAMR D RA W N, d3RE
miR-378a-3p F INUAK25£ 35 . 1 3 15 miR-378a-
3p Al LLHI 55 NUAK2 X ZL AR 5 MDA-MB-23 1 4ff fg 4%
B, ER AR ZZ AL HEAE R, [ BaE xo F LR R
MDA-MB-23 1 4l g i) B 7= il £

Zr b, ABFFEIRATHE I T miR-378a-3pX L
T 20 T S TR AE AR LT . SRR, miR-
378a-3pifll 1 1 T NU AK 2 18 2 35 100 i) L B 4 B 7
WEg . TR ELRE, HAESIIEMEET,
JFLUME BRI IR TR AE YIbRiE . ES)E
TP, IFEmiR-378a-3p/NUAK 24 7E
SR AR E X FUBRER & AR AR .

FlER MR .

I A A AR 55 e

SE WK

[1] Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022[J].
CA Cancer J Clin, 2022, 72(1): 7-33.

[2] Arnold M, Morgan E, Rumgay H, et al. Current and future burden
of breast cancer: Global statistics for 2020 and 2040[J]. Breast,
2022, 66: 15-23.

[3] Xi J, Ma CX. Sequencing Endocrine Therapy for Metastatic
Breast Cancer: What Do We Do After Disease Progression on a
CDKA4/6 Inhibitor?[J]. Curr Oncol Rep, 2020, 22(6): 57.

[4] Farré PL, Duca RB, Massillo C, et al. MiR-106b-5p: A Master
Regulator of Potential Biomarkers for Breast Cancer Aggres-
siveness and Prognosis[J]. Int J Mol Sci, 2021, 22(20): 11135.

[5] Martinez B, Peplow PV. MicroRNAs as diagnostic and progn-
ostic biomarkers of age-related macular degeneration: advances
and limitations[J]. Neural Regen Res, 2021, 16(3): 440-447.

[6] Chen D, Liu J, Wu Z, et al. Role of miR-132/methyl-CpG-
binding protein 2 in the regulation of neural stem cell
differentiation[J]. Neural Regen Res, 2021, 16(2): 345-349.

[71 Nagao M, Fukuda I, Asai A, et al. Diagnostic potential of miR-
483 family for IGF-II producing non-islet cell tumor
hypoglycemia[J]. Eur J Endocrinol, 2021, 184(1): 41-49.

[8] Zhang X, Zhang L, Chen M, et al. miR-324-5p inhibits
gallbladder carcinoma cell metastatic behaviours by downre-
gulation of transforming growth factor beta 2 expression[J]. Artif
Cells Nanomed Biotechnol, 2020, 48(1): 315-324.

[9] Chen L, Zhu Q, Lu L, et al. MiR-132 inhibits migration and

invasion and increases chemosensitivity of cisplatin-resistant oral

squamous cell carcinoma cells via targeting TGF-betal[J].

Bioengineered, 2020, 11(1): 91-102.

Zhang CW, Zhou B, Liu YC, ef al. LINC00365 inhibited lung

adenocarcinoma progression and glycolysis via sponging miR-

429/KCTD12 axis[J]. Environ Toxicol, 2022, 37(8): 1853-1866.

[11] Wm Nor WMFSB, Chung I, Said NABM. MicroRNA-548m
Suppresses Cell Migration and Invasion by Targeting Aryl

[10

=

Hydrocarbon Receptor in Breast Cancer Cells[J]. Oncol Res,

2021, 28(6): 615-629.

Ibrahim HM, Ismail MB, Ammar RB, et al. Thidiazuron

suppresses breast cancer via targeting miR-132 and dysregulation

of the PI3K-Akt signaling pathway mediated by the miR-202-5p-

PTEN axis[J]. Biochem Cell Biol, 2021, 99(3): 374-384.

[13] Cao D, Zhu H, Zhao Q, et al. MiR-128 suppresses metastatic
capacity by targeting metadherin in breast cancer cells[J]. Biol
Res, 2020, 53(1): 43.

[14] Ikeda K, Horie-Inoue K, Ueno T, et al. miR-378a-3p modulates
tamoxifen sensitivity in breast cancer MCF-7 cells through
targeting GOLT1A[J]. Sci Rep, 2015, 5: 13170.

[15] Lizcano JM, Goéransson O, Toth R, et al. LKB1 is a master kinase
that activates 13 kinases of the AMPK subfamily, including
MARK/PAR-1[J]. EMBO J, 2004, 23(4): 833-843.

[16] Hardie DG. AMP-activated/SNF1 protein kinases: conserved
guardians of cellular energy[J]. Nat Rev Mol Cell Biol, 2007,
8(10): 774-785.

[17] Legembre P, Schickel R, Barnhart BC, et al. Identification of
SNF1/AMP kinase-related kinase as an NF-kappaB-regulated
anti-apoptotic kinase involved in CD95-induced motility and
invasiveness[J]. J Biol Chem, 2004, 279(45): 46742-46747.

[18] Wang D, Song X, Zhang N, et al. MiR-1179 represses cell
proliferation, migration and invasion of hepatocellular carcinoma
through suppression of NUAK2[J]. Am J Transl Res, 2022, 14(1):
223-239.

[19] Fu TG, Wang L, Li W, et al. miR-143 inhibits oncogenic traits by
degrading NUAK2 in glioblastoma[J]. Int J] Mol Med, 2016,
37(6): 1627-1635.

[20] Tang L, Tong SJ, Zhan Z, et al. Expression of NUAK2 in gastric
cancer tissue and its effects on the proliferation of gastric cancer
cells[J]. Exp Ther Med, 2017, 13(2): 676-680.

[21] Ren Z, Liu X, Si Y, et al. Long non-coding RNA DDX11-AS1
facilitates gastric cancer progression by regulating miR-873-
5p/SPC18 axis[J]. Artif Cells Nanomed Biotechnol, 2020, 48(1):
572-583.

[22] Ning L, Zhang M, Zhu Q, et al. miR-25-3p inhibition impairs
tumorigenesis and invasion in gastric cancer cells in vitro and in
vivo[J]. Bioengineered, 2020, 11(1): 81-90.

[23] Chanjiao Y, Chunyan C, Xiaoxin Q, et al. MicroRNA-378a-3p
contributes to ovarian cancer progression through downregulating
PDIA4[J]. Immun Inflamm Dis, 2021, 9(1): 108-119.

[24] Zhang Y, Yu R, Li L. LINC00641 hinders the progression of
cervical cancer by targeting miR-378a-3p/CPEB3[J]. J Gene Med,
2020, 22(9): e3212.

[25] Yamamoto H, Takashima S, Shintani Y, ef al. Identification of a
novel substrate for TNFalpha-induced kinase NUAK2[J].
Biochem Biophys Res Commun, 2008, 365(3): 541-547.

[26] Namiki T, Coelho SG, Hearing VJ. NUAK2: an emerging acral
melanoma oncogene[J]. Oncotarget, 2011, 2(9): 695-704.

[(fiE: x2X; &xt: RE%)

[12

—

L
FREEM . SMfemiayikits £h, XFRE
FRAN: BERERSH . LFEBSHR


https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.1007/s11912-020-00917-8
https://doi.org/10.3390/ijms222011135
https://doi.org/10.4103/1673-5374.293131
https://doi.org/10.4103/1673-5374.290908
https://doi.org/10.1530/EJE-20-0706
https://doi.org/10.1080/21691401.2019.1703724
https://doi.org/10.1080/21691401.2019.1703724
https://doi.org/10.1080/21655979.2019.1710925
https://doi.org/10.1002/tox.23532
https://doi.org/10.1139/bcb-2020-0377
https://doi.org/10.1186/s40659-020-00311-5
https://doi.org/10.1186/s40659-020-00311-5
https://doi.org/10.1038/srep13170
https://doi.org/10.1038/sj.emboj.7600110
https://doi.org/10.1038/nrm2249
https://doi.org/10.1074/jbc.M404334200
https://doi.org/10.3892/ijmm.2016.2562
https://doi.org/10.3892/etm.2016.3983
https://doi.org/10.1080/21691401.2020.1726937
https://doi.org/10.1080/21655979.2019.1710924
https://doi.org/10.1002/iid3.350
https://doi.org/10.1002/jgm.3212
https://doi.org/10.1016/j.bbrc.2007.11.013
https://doi.org/10.18632/oncotarget.325

	0 引言
	1 材料与方法
	1.1 细胞
	1.2 主要试剂与仪器
	1.3 生信分析
	1.4 细胞培养
	1.5 RNA提取和qRT-PCR检测
	1.6 质粒构建和转染
	1.7 细胞增殖测定
	1.8 克隆形成实验
	1.9 划痕愈合实验
	1.10 细胞侵袭实验
	1.11 Western blot实验
	1.12 双荧光素酶实验
	1.13 细胞凋亡实验
	1.14 细胞周期测定
	1.15 统计学方法

	2 结果
	2.1 miR-378a-3p在乳腺癌细胞中显著低表达
	2.2 过表达miR-378a-3p可抑制乳腺癌细胞的增殖、迁移和侵袭并促进细胞的凋亡
	2.3 乳腺癌细胞中NUAK2显著高表达且被miR-378a-3p靶向结合与调控
	2.4 miR-378a-3p通过靶向NUAK2调控乳腺癌细胞的增殖、迁移、侵袭和凋亡

	3 讨论
	参考文献

