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miR-145 and miR-497 suppress 
TGF-β-induced epithelial–mesenchymal 
transition of non-small cell lung cancer 
by targeting MTDH
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Abstract 

Background: MicroRNAs (miRNAs) have been reported to play crucial roles in multiple cancers including non-small 
cell lung cancer (NSCLC). Here, we investigated the role of miR-145 and miR-497 in TGF-β-induced epithelial–mesen-
chymal transition (EMT) process of NSCLC.

Methods: We performed quantitative real time PCR (qRT-PCR) to detect the expression level of miR-145 and miR-
497 in NSCLC cell lines. Then in the presence/absence of TGF-β, we transfected miRNA mimics or inhibitor into A549 
and H1299 cells and investigated the role of miR-145 and miR-497 in cell migration and invasion using transwell and 
wound-healing assay. The regulation role of miR-145 and miR-497 on Metadherin (MTDH) was determined by lucif-
erase assay. The expression level of MTDH and EMT markers E-cadherin and vimentin were detected on mRNA and 
protein level.

Results: In our study, our results showed that miR-145 and miR-497 were downregulated in NSCLC cell lines. Over-
expression of miR-145 and miR-497 inhibited TGF-β-induced EMT and suppressed cancer cell migration and invasion, 
while the opposite results were observed in cells transfected with miR-145 or miR-497 inhibitor. Moreover, the lucif-
erase assay confirmed that miR-145 and miR-497 attenuated MTDH expression by directly binding 3′-UTR of MTDH 
mRNA and exert the tumor-suppression role.

Conclusions: Overall, we demonstrated that miR-145 and miR-497 functioned as EMT-suppressor in NSCLC by tar-
geting MTDH, provided new evidence that miR-145 and miR-497 as potential therapeutic targets.
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Background
The majority (79%) of non-small cell lung cancer 
(NSCLC) patients develop metastases from their pri-
mary tumor [1]. Metastasis is a complicated multistep 
involved in sequential and interrelated steps, includ-
ing the epithelial–mesenchymal transition (EMT) pro-
cess [2, 3]. In recent years, EMT has become the focus 

of attention as it plays a crucial role in cancer distal 
metastasis and invasion [4]. It is characterized by epi-
thelial cells transform to mesenchymal-like cells, dur-
ing which the cells lose cell–cell adhesion and acquire 
migratory and invasion properties [5]. The EMT pro-
cess can be controlled by the canonical pathways such 
as Transforming growth factor-β (TGF-β)/Smad path-
way and Wnt/β-catenin signaling [6]. For example, 
TGF-β induces EMT by repression of epithelial mark-
ers (such as E-cadherin) and gain of mesenchymal 
biomarkers (such as vimentin and N-cadherin) [7, 8]. 
Therefore, identification of the molecular mechanisms 
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underlying EMT process is crucial for the expansion of 
our knowledge of tumor metastasis.

Metadherin (MTDH), also known as Astrocyte ele-
vated gene-1 (AEG-1), was first cloned in primary 
human fetal astrocytes treated with TNF-α or infected 
with HIV-1 [9, 10]. MTDH is upregulated in multiple 
cancer tissues and cell lines, induce EMT via onco-
genic signaling pathways including PI3  K/Akt, ERK, 
Wnt/β-catenin signaling, thus enhance tumor metas-
tasis [11–14]. Elevated MTDH expression correlated 
with increased NSCLC proliferation and metastasis and 
predicted worse prognosis in patients [15–17]. These 
results demonstrated that MTDH may act as an impor-
tant metastasis promoter in cancer development.

MicroRNAs (miRNAs) are a family of small non-cod-
ing RNAs of 18–22 nucleotides that negatively regu-
late gene expression by directly binding the 3′-UTR of 
mRNAs and cause mRNA degradation or translation 
suppression [18]. miRNAs play crucial roles in vari-
ous of physiological and pathological processes includ-
ing tumor metastasis and invasion [19]. A multitude of 
studies have revealed the important role of miRNAs in 
EMT process. For example, previous studies revealed 
that miR-145 and miR-497 suppressed cancer cell 
migration and invasion in gastric cancer and colorectal 
cancer cells, respectively [20, 21]. In breast carcinoma, 
miR-497 negatively regulates TGF-β-induced EMT by 
targeting Slug [22]. Another report showed that miR-
145 was decreased in esophageal squamous cell carci-
noma (ESCC) and its overexpression inhibited EMT 
in ESCC cells [23]. Moreover, lower miR-145 and miR-
497 level was observed in NSCLC tissue [24, 25]. These 
results indicated that miR-145 or miR-497 may func-
tion as tumor suppressor in NSCLC.

In the present study, we investigated the role of miR-
145 and miR-497 in EMT process. We provided evidence 
that miR-145 and miR-497 suppressed TGF-β-induced 
EMT, in NSCLC cell lines. Moreover, our study con-
firmed that oncogene MTDH was involved in this pro-
cess and miR-145 and miR-497 modulated EMT by 
directly binding MTDH.

Methods
Cell culture
Three human NSCLC cell lines (A549, H1299 and H358) 
were obtained from the cell bank of Chinese Academy of 
Sciences (Shanghai, China), while the human bronchial 
epithelial cell line (HBE) was supplied by prof. Bailing 
Luo (Xiangya Hospital, Changsha, China). The cells were 
cultured in DMEM medium (Thermo Fisher Scientific, 
Waltham, MA, USA) containing 10% fetal bovine serum 
(Thermo) in a humidified incubator with 5%  CO2.

Cell transfection
miRNAs mimic, inhibitor and negative control were 
synthesized by GenePharma (Shanghai, China). The 
cells were transfected into H1299 and A549 cells by 
Lipofectamine 3000 (Thermo) according to the manu-
facturers’ protocol.

RNA isolation and qRT‑PCR
Total RNA was extracted from NSCLC cell lines using 
Trizol Reagent and reversed into cDNA using a Rever-
tAid RT Transcription Kit (Thermo). The miRNA was 
isolated and reversed by Qiagen kit (Hilden, Ger-
many). The PCR reaction was performed with SYBR 
Green Reagent (Thermo). The primers were designed 
as follows: MTDH-F, 5′-AAG CAG TGC AAA ACA GTT 
CACG-3′ and MTDH-R, 5′-GCA CCT TAT CAC GTT 
TAC GCT-3′; GAPDH-F, 5′-GAG TCA ACG GAT TTG 
GTC GT-3′ and GAPDH-R, 5′-TTG ATT TTG GAG GGA 
TCT CG-3′. The forward primers for miR-145 and miR-
497 were 5′-AGT CCA GTT TTC CCA GGA ATC CCT -3′ 
and 5′-ACC AGC AGC ACA CTG TGG TTTGT-3′, while 
the reverse primer and U6 primers (internal control) 
were provided by Qiangen. The results were calculated 
by the  2−ΔΔCt method.

Western blot assay
The cells were lysed using RIPA buffer contained pro-
tease cocktail (Thermo) and PMSF. The homogenates 
were centrifuged and the supernatants were collected 
as total protein. Next, proteins were subjected to 10% 
SDS-PAGE gel electrophoresis and transferred to PVDF 
membranes. The membranes were blocked by 5% milk 
then incubated with primary antibodies against MTDH 
(1:10,000; Abcam, Cambridge, United Kingdom), 
E-cadherin (1:1000; Abcam), vimentin (1:3000; Abcam) 
and GAPDH (1:5000; Cell signaling Technology, Dan-
vers, MA, USA) overnight. After incubating, blots were 
detected by secondary antibody and visualized by the 
ECL assay (Milliporesigma).

Wound‑healing assay
Cells were seeded in six-well plates and transfected so 
as to 100% confluence. Subsequently a p200 pipette-
tip was used to create a scratch. Following this, the 
culture medium without FBS was added. Cells were 
imaged using an inverted microscope at 18 or 24 h after 
wounding.

Transwell migration and invasion assay
The transwell migration and invasion assay were per-
formed according to the manufactures’ protocols. 
Briefly, cells were suspended in 200  µl serum-free 
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medium and seeded in the upper chamber (Corning, 
NY, USA). In the lower chamber medium with 20% FBS 
was added. After incubation for 24 h, cells on the sur-
face of upper chamber were removed, and cells on the 
lower side of chamber were stained with crystal violet. 
The number of cell was counted in five random selected 
fields under a microscope, and the average cell number 
per field was determined.

Dual luciferase assay
The bioinformatics tools, Starbase v2.0 and Targetscan 
were used to predict the miRNAs target. The MTDH 
3′-UTR fragments with putative promotor region of 
miR-145 or miR-497 was synthesized and then inserted 
into the pMIR-REPORT luciferase vector (OBio Biology, 
Shanghai, China). For luciferase assay, cells were culti-
vated onto a 24-well plate and were co-transfected with 
pMIR-REPORT wt or mut plasmid, pRL-TK (Promega, 
Madison, WI, USA) and either miRNA mimics or nega-
tive controls. The luciferase activities were measured with 
the Dual-luciferase reporter assay system (Promega).

Statistical analysis
Experimental data are presented as mean ± SD of three 
independent experiments. Student’s t test was used for 
statistical analysis. P < 0.05 was considered significant.

Results
miR‑145 and miR‑497 are downregulated in NSCLC cell 
lines
The expression levels of miR-145 and miR-497 in three 
NSCLC cell lines (A549, H1299 and H358) and HBE cell 
line were detected. Compared with HBE, miR-145 and 
miR-497 decreased in all the NSCLC cell lines (Fig.  1a, 
b). For further investigation, we chose epithelial cell line 
A549 and mesenchymal cell line H1299 in the following 
experiments.

miR‑145 and miR‑497 inhibit TGF‑β‑induced migration 
and invasion
Since miR-145 and miR-497 were downregulated in 
NSCLC cell lines, we then investigated the role of miR-
145 and miR-497 in TGF-β-induced cancer cell migra-
tion and invasion. Cells were transfected with miRNA 
mimic or inhibitor with lipo 3000. After 24 h, TGF-β was 
added and reached a final concentration of 10 ng/ml. The 
transwell experiments with or without matrigel revealed 
that either miR-145 or miR-197 upregulation suppressed 
NSCLC migration and invasion (Fig.  2a, b), while the 
opposite results were observed in cells transfected with 
inhibitor (Fig. 2c, d). Similar to above, the wound-healing 
assay showed that cell migration rate was suppressed by 
miR-145 and miR-497 (Fig.  3a–d). These data indicated 
that miR-145 and miR-497 could markedly inhibit the 
migratory and invasive capacity of NSCLC cell lines.

Fig. 1 Expression of miR-145 and miR-497 in NSCLC cell lines. a Relative expression of miR-145 was detected by qRT-PCR in NSCLC cell lines and 
normal cell line HBE. b Relative expression of miR-497 in NSCLC cell lines and HBE cell line was evaluated by qRT-PCR. (**P < 0.05)

(See figure on next page.)
Fig. 2 miR-145 and miR-497 in NSCLC cell migration and invasion. a, b After transfection of miR-145 or miR-497 mimic, cells were treated with or 
without TGF-β and transwell cell migration and invasion assays were performed. c, d Transfection with miR-145 and miR-497 inhibitor resulted in 
increased NSCLC cell migration and invasion rate in the presence/absence of TGF-β. Mimic NC or inhibitor NC (CTR) was used as control. (**P < 0.05)
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MiR‑145 and miR‑497 suppress TGF‑β‑induced EMT
Next we examined the potential effects of miR-145 and 
miR-497 on EMT features. For this, we detected the 

expression level of the EMT biomarkers, E-cadherin 
and vimentin. After incubation with 10 ng/ml TGF-β for 
48  h, the epithelial marker E-cadherin decreased while 

Fig. 3 Wound-healing assay in NSCLC. a, b Relative migrating areas were evaluated in A549 cells transfected with miR-145/miR-497 mimic or 
inhibitor. c, d After transfection of miR-145/miR-497 mimic or inhibitor, cells were treated with/without TGF-β and the relative migrating areas of 
H1299 cell were detected.(**P < 0.05)
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mesenchymal maker vimentin increased in A549 cells. 
Overexpression of miR-145 and miR-497 correlated 
with upregulation of E-cadherin and downregulation of 
vimentin, and the opposite results were observed in A549 

cells with decreased miR-145 or miR-497 (Fig. 4a, b). In 
H1299 cells the E-cadherin was undetectable due to its 
mesenchymal character, but the expression of vimentin 
had the similar results to that of A549 (Fig. 4c, d).

Fig. 4 miR-145 and miR-497 inhibit EMT in NSCLC cells. a, b Western blot analysis for the expression of E-cadherin and vimentin in A549 cells 
treated with miR-145/miR-497 mimic or inhibitor. c, d The expression level of vimentin in H1299 cells transfected with miR-145/miR-497 mimic or 
inhibitor. (**P < 0.05)
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MTDH is a direct target of miR‑145 and miR‑497
To further investigate the mechanism of miR-145 and 
miR-497 in regulating NSCLC progression, we pre-
dicted the putative target of the two miRNAs and per-
formed luciferase assay to verify the prediction (Fig. 5a, 
b). The results showed that both miR-145 and miR-497 
significantly inhibited the luciferase reporter expression 
in H1299 cells transfected with MTDH 3′-UTR-wild 
type reporter but not those transfected with MTDH-
mut or NC (Fig. 5c, d). Furthermore, the MTDH protein 
expression level was also inhibited by miR-145 and miR-
497 mimic. On the contrary, inhibition of miR-145 and 
miR-497 increased MTDH expression on protein level 
(Fig. 5e–h). Despite the upregulation of MTDH protein, 

after stimulating with TGF-β, the level of MTDH mRNA 
was not changed. The mRNA level of MTDH was upreg-
ulated in cells transfected with miR-145 inhibitor and 
decreased in cells transfected with miR-145 mimic; how-
ever, MTDH mRNA level is not changed in cells incubat-
ing with miR-497 mimic or inhibitor (Fig. 5i, j).

Discussion
It is widely known that EMT is a crucial process for the 
acquisition of cancer metastasis and invasion potential 
[26]. In the present study, we focused on two poten-
tial tumor-suppression miRNAs, miR-145 and miR-
497, and found they were lower expressed in NSCLC 
cell lines compared with HBE. We also investigated the 

Fig. 5 miR-145 and miR-497 directly target MTDH. a, b The potential binding sites of miR-145/miR-497 and MTDH were predicted by bioinformatics 
tools Starbase v2.0 and Targetscan. c, d Relative luciferase activity in cells co-transfected with wild-type/mutant plasmid and miR-145/miR-497 
mimic were evaluated. e–h The expression levels of MTDH in A549 and H1299 cells transfected with miR-145/miR-497 mimic or inhibitor. i, j The 
mRNA levels of MTDH in A549 and H1299 cells transfected with miR-145/miR-497 mimic or inhibitor. (**P < 0.05)
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potential mechanism of the miRNAs and found that the 
overexpression of miR-145 and miR-497 inhibited TGF-
β-induced EMT in NSCLC cell, and the miRNAs may 
exert its anti-cancer role by directly targeting an onco-
gene, MTDH. These results suggest that miR-145 and 
miR-497 may function as tumor-suppressor in NSCLC 
progression.

Recently, a series of miRNAs has been identified to 
modulate EMT process by modulating pivotal proteins 
[27]. For example, the miR-200 family plays an essential 
role in EMT suppression by modulating ZEB1 and ZEB2 
[28]. Previous study showed that miR-145 and miR-203 
inhibited TGF-β-induced EMT by modulating TGF-β/
Smad3 pathway [4]. Zhang et  al. reported that miR-497 
was downregulated in colorectal cancer (CRC) cell and 
inhibited CRC cell EMT, migration and invasion [20]. 
To explore the role of miR-145 and miR-497 in EMT, 
we incubated the epithelial phenotype cell line A549 
and mesenchymal phenotype cell line H1299 with TGF-
β. After stimulating with TGF-β, the epithelial marker 
E-cadherin decreased while mesenchymal marker 
vimentin increased, in accordance with previous reports 
that TGF-β is an inducer of EMT [29]. In the presence/
absence of TGF-β, transfection with miR-145 and miR-
497 mimic resulted in the decreased percentage of migra-
tion and invasion cells. In A549 cells the expression level 
change of E-cadherin and vimentin was more obvious 
than H1299; this phenomenon may due to the mesen-
chymal character of H1299, which makes it a natural 
higher expression of vimentin. Based on these evidences, 
we provide the evidence that miR-145 and miR-497 are 
involved in TGF-β-induced EMT in NSCLC.

MTDH is a multifunctional oncogene and has been 
demonstrated to be activated in many malignancies, 
including gastric cancer, prostate cancer and glioma [13, 
30, 31]. It has been reported that MTDH is a potential 
target of miR-145 and miR-497 [32–34]. Thus, we specu-
lated that miR-145 and miR-497 may serve regulatory 
roles by suppressing the activation of MTDH in EMT. 
Here, we found that in NSCLC cell lines miR-145 and 
miR-497 could directly targeted MTDH, thus inhibited 
TGF-β-induced EMT. The results of qRT-PCR showed 
that overexpression of miR-145 correlated with MTDH 
mRNA downregulation. However, transfection with 
miR-497 mimic or inhibitor induced the upregulation or 
suppression of MTDH protein level but not the mRNA. 
These results suggest that miR-145 may degrades MTDH 
mRNA while miR-497 suppresses mRNA translation 
activity, provide evidence that downregulation of miR-
145 and miR-497 may be essential for MTDH to exert its 
role in EMT.

Interestingly, TGF-β treatment resulted in the upregu-
lation of MTDH protein but not the mRNA of MTDH. 

A recent study reported that in TGF-β treated malig-
nant glioma, MTDH protein was increased via Smad2/3 
phosphorylation [30]. In activated TGF-β/Smad signal-
ing pathway, the p-Smad2 and p-Smad3 form oligomeric 
complexes with Smad4, translocated into the nucleus and 
regulated genes transcription [35, 36]. However, in our 
study, we demonstrated that TGF-β treatment perform 
functions on translational regulation of MTDH rather 
than transcriptional repression. This result suggested 
that other potential pathways may exist between TGF-β/
Smad and MTDH, such as miRNA/mRNA regulatory 
mechanism. Based on our present study, we speculate 
that miR-145 and miR-497 may participate in this regula-
tory network.

Conclusions
In conclusion, our results suggested that miR-145 and 
miR-497 played crucial roles in TGF-β-induced EMT by 
regulating MTDH in NSCLC cell. Our understanding of 
the miRNA-based mechanism might contribute to dis-
cover novel therapeutic target for NSCLC.

Abbreviations
EMT: epithelial-to-mesenchymal transition; NSCLC: non-small cell lung cancer; 
TGF-β: transforming growth factor-β; ECL: electrochemiluminescence; PMSF: 
phenylmethanesulfonyl fluoride; PCR: polymerase chain reaction; FBS: fetal 
bovine serum; MTDH: metadherin; HBE: human bronchial epithelial cell line.

Authors’ contributions
TR and QL designed and supervised the research study. QY, YH, DZ and ZL 
performed the experiments. SS and WJ have contributed to data analysis. The 
manuscript was written by QL. QL revised the manuscript. All authors read and 
approved the final manuscript.

Author details
1 Department of Respiratory Medicine, Shanghai East Hospital, Tongji 
University School of Medicine, Shanghai 200120, China. 2 Department 
of Pathology, Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, 
Shanghai 200233, China. 3 Department of Intensive Care Unit, Shanghai 
East Hospital, Tongji University School of Medicine, Shanghai 200120, China. 
4 Department of Respiratory Medicine, Shanghai Jiao Tong University Affiliated 
Sixth People’s Hospital, Shanghai 200233, China. 5 Department of Intensive 
Care Unit, Shanghai Pudong Hospital, Fudan University Pudong Medical 
Center, Shanghai 201399, China. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data supporting the conclusions of this paper are included within the 
article.

Consent for publication
This manuscript is approved by all authors for publication in Cancer Cell 
International.

Ethics approval and consent to participate
Not applicable.



Page 9 of 9Yin et al. Cancer Cell Int  (2018) 18:105 

Funding
This work was supported by the National Natural Science Foundation of China 
(Grant Number 81673014), Outstanding Academic Leaders Plan of Shanghai 
Municipal Science and Technology Committee (Grant Number 16XD1403100) 
and National Key R&D Plan (Grant Number 2017YFA0104600).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 7 April 2018   Accepted: 18 July 2018

References
 1. Zhu H, Chang LL, Yan FJ, Hu Y, Zeng CM, Zhou TY, Yuan T, Ying MD, Cao J, 

He QJ, et al. AKR1C1 activates STAT3 to promote the metastasis of non-
small cell lung cancer. Theranostics. 2018;8(3):676–92.

 2. Zhang X, Cui P, Ding B, Guo Y, Han K, Li J, Chen H, Zhang W. Netrin-1 elicits 
metastatic potential of non-small cell lung carcinoma cell by enhancing 
cell invasion, migration and vasculogenic mimicry via EMT induction. 
Cancer Gene Ther. 2018;25(1–2):18–26.

 3. Li J, Zou K, Yu L, Zhao W, Lu Y, Mao J, Wang B, Wang L, Fan S, Song B, et al. 
MicroRNA-140 Inhibits the epithelial–mesenchymal transition and metas-
tasis in colorectal cancer. Mol Ther Nucleic Acids. 2018;10:426–37.

 4. Hu H, Xu Z, Li C, Xu C, Lei Z, Zhang HT, Zhao J. miR-145 and miR-203 
represses TGF-beta-induced epithelial–mesenchymal transition and 
invasion by inhibiting SMAD3 in non-small cell lung cancer cells. Lung 
Cancer. 2016;97:87–94.

 5. Zhang Y, Zhang X, Ye M, Jing P, Xiong J, Han Z, Kong J, Li M, Lai X, Chang 
N, et al. FBW7 loss promotes epithelial-to-mesenchymal transition in non-
small cell lung cancer through the stabilization of Snail protein. Cancer 
Lett. 2018;419:75–83.

 6. Bimonte S, Leongito M, Barbieri A, Del Vecchio V, Falco M, Giudice A, 
Palaia R, Albino V, Di Giacomo R, Petrillo A, et al. The therapeutic targets of 
miRNA in hepatic cancer stem cells. Stem Cells Int. 2016;2016:1065230.

 7. Evanno E, Godet J, Piccirilli N, Guilhot J, Milin S, Gombert JM, Fouchaq 
B, Roche J. Tri-methylation of H3K79 is decreased in TGF-beta1-induced 
epithelial-to-mesenchymal transition in lung cancer. Clin Epigenetics. 
2017;9:80.

 8. Li C, Wan L, Liu Z, Xu G, Wang S, Su Z, Zhang Y, Zhang C, Liu X, Lei Z, et al. 
Long non-coding RNA XIST promotes TGF-beta-induced epithelial–mes-
enchymal transition by regulating miR-367/141-ZEB2 axis in non-small-
cell lung cancer. Cancer Lett. 2018;418:185–95.

 9. Hu B, Emdad L, Kegelman TP, Shen XN, Das SK, Sarkar D, Fisher PB. Astro-
cyte elevated gene-1 regulates beta-catenin signaling to maintain glioma 
stem-like stemness and self-renewal. Mol Cancer Res. 2017;15(2):225–33.

 10. Hu B, Emdad L, Bacolod MD, Kegelman TP, Shen XN, Alzubi MA, Das SK, 
Sarkar D, Fisher PB. Astrocyte elevated gene-1 interacts with Akt isoform 
2 to control glioma growth, survival, and pathogenesis. Cancer Res. 
2014;74(24):7321–32.

 11. Ran L, Hong T, Xiao X, Xie L, Zhou J, Wen G. GABARAPL1 acts as a poten-
tial marker and promotes tumor proliferation and metastasis in triple 
negative breast cancer. Oncotarget. 2017;8(43):74519–26.

 12. Yang J, Fan B, Zhao Y, Fang J. MicroRNA-202 inhibits cell proliferation, 
migration and invasion of glioma by directly targeting metadherin. Oncol 
Rep. 2017;38(3):1670–8.

 13. Du Y, Jiang B, Song S, Pei G, Ni X, Wu J, Wang S, Wang Z, Yu J. Metadherin 
regulates actin cytoskeletal remodeling and enhances human gastric 
cancer metastasis via epithelial–mesenchymal transition. Int J Oncol. 
2017;51(1):63–74.

 14. Wang Z, Tang ZY, Yin Z, Wei YB, Liu LF, Yan B, Zhou KQ, Nian YQ, Gao YL, 
Yang JR. Metadherin regulates epithelial–mesenchymal transition in 
carcinoma. OncoTargets Ther. 2016;9:2429–36.

 15. Liu K, Guo L, Miao L, Bao W, Yang J, Li X, Xi T, Zhao W. Ursolic acid inhibits 
epithelial–mesenchymal transition by suppressing the expression of 
astrocyte-elevated gene-1 in human nonsmall cell lung cancer A549 
cells. Anticancer Drugs. 2013;24(5):494–503.

 16. He W, He S, Wang Z, Shen H, Fang W, Zhang Y, Qian W, Lin M, Yuan J, 
Wang J, et al. Astrocyte elevated gene-1(AEG-1) induces epithelial–mes-
enchymal transition in lung cancer through activating Wnt/beta-catenin 
signaling. BMC Cancer. 2015;15:107.

 17. Ke ZF, Mao X, Zeng C, He S, Li S, Wang LT. AEG-1 expression characteristics 
in human non-small cell lung cancer and its relationship with apoptosis. 
Med Oncol. 2013;30(1):383.

 18. Liu PL, Liu WL, Chang JM, Chen YH, Liu YP, Kuo HF, Hsieh CC, Ding YS, 
Chen WW, Chong IW. MicroRNA-200c inhibits epithelial–mesenchymal 
transition, invasion, and migration of lung cancer by targeting HMGB1. 
PLoS ONE. 2017;12(7):e0180844.

 19. Tang T, Huan L, Zhang S, Zhou H, Gu L, Chen X, Zhang L. MicroRNA-212 
functions as a tumor-suppressor in human non-small cell lung cancer by 
targeting SOX4. Oncol Rep. 2017;38(4):2243–50.

 20. Zhang N, Shen Q, Zhang P. miR-497 suppresses epithelial–mesenchymal 
transition and metastasis in colorectal cancer cells by targeting fos-
related antigen-1. OncoTargets Ther. 2016;9:6597–604.

 21. Lei C, Du F, Sun L, Li T, Min Y, Nie A, Wang X, Geng L, Lu Y, Zhao X, et al. 
miR-143 and miR-145 inhibit gastric cancer cell migration and metastasis 
by suppressing MYO6. Cell Death Dis. 2017;8(10):e3101.

 22. Wu Z, Li X, Cai X, Huang C, Zheng M. miR-497 inhibits epithelial mesen-
chymal transition in breast carcinoma by targeting Slug. Tumour Biol. 
2016;37(6):7939–50.

 23. Mei LL, Wang WJ, Qiu YT, Xie XF, Bai J, Shi ZZ. miR-145-5p suppresses 
tumor cell migration, invasion and epithelial to mesenchymal transi-
tion by regulating the Sp1/NF-kappaB signaling pathway in esophageal 
squamous cell carcinoma. Int J Mol Sci. 2017;18(9):1833.

 24. Huang C, Ma R, Yue J, Li N, Li Z, Qi D. MiR-497 suppresses YAP1 and 
inhibits tumor growth in non-small cell lung cancer. Cell Physiol Biochem. 
2015;37(1):342–52.

 25. Shen H, Shen J, Wang L, Shi Z, Wang M, Jiang BH, Shu Y. Low miR-145 
expression level is associated with poor pathological differentiation and 
poor prognosis in non-small cell lung cancer. Biomed Pharmacother. 
2015;69:301–5.

 26. Antognelli C, Cecchetti R, Riuzzi F, Peirce MJ, Talesa VN. Glyoxalase 1 sus-
tains the metastatic phenotype of prostate cancer cells via EMT control. J 
Cell Mol Med. 2018;22:2865–83.

 27. Zaravinos A. The regulatory role of microRNAs in EMT and cancer. J Oncol. 
2015;2015:865816.

 28. Sulaiman SA, Ab Mutalib NS, Jamal R. mir-200c regulation of metastases 
in ovarian cancer: potential role in epithelial and mesenchymal transition. 
Front Pharmacol. 2016;7:271.

 29. Wang H, Wu Q, Zhang Y, Zhang HN, Wang YB, Wang W. TGF-beta1-
induced epithelial–mesenchymal transition in lung cancer cells involves 
upregulation of miR-9 and downregulation of its target, E-cadherin. Cell 
Mol Biol Lett. 2017;22:22.

 30. Zou M, Zhu W, Wang L, Shi L, Gao R, Ou Y, Chen X, Wang Z, Jiang A, Liu 
K, et al. AEG-1/MTDH-activated autophagy enhances human malignant 
glioma susceptibility to TGF-beta1-triggered epithelial–mesenchymal 
transition. Oncotarget. 2016;7(11):13122–38.

 31. Qian B, Yao Y, Liu C, Zhang J, Chen H, Li H. SU6668 modulates prostate 
cancer progression by downregulating MTDH/AKT signaling pathway. Int 
J Oncol. 2017;50(5):1601–11.

 32. Dong R, Liu X, Zhang Q, Jiang Z, Li Y, Wei Y, Yang Q, Liu J, Wei JJ, Shao 
C, et al. miR-145 inhibits tumor growth and metastasis by targeting 
metadherin in high-grade serous ovarian carcinoma. Oncotarget. 
2014;5(21):10816–29.

 33. Wang M, Wang J, Deng J, Li X, Long W, Chang Y. miR-145 acts as a metas-
tasis suppressor by targeting metadherin in lung cancer. Med Oncol. 
2015;32(1):344.

 34. Yan JJ, Zhang YN, Liao JZ, Ke KP, Chang Y, Li PY, Wang M, Lin JS, He XX. 
MiR-497 suppresses angiogenesis and metastasis of hepatocellular carci-
noma by inhibiting VEGFA and AEG-1. Oncotarget. 2015;6(30):29527–42.

 35. Xu F, Liu C, Zhou D, Zhang L. TGF-beta/SMAD pathway and its regulation 
in hepatic fibrosis. J Histochem Cytochem. 2016;64(3):157–67.

 36. Yan Z, Shen D, Liao J, Zhang Y, Chen Y, Shi G, Gao F. Hypoxia suppresses 
TGF-B1-induced cardiac myocyte myofibroblast transformation by 
inhibiting Smad2/3 and rhoa signaling pathways. Cell Physiol Biochem. 
2018;45(1):250–7.


	miR-145 and miR-497 suppress TGF-β-induced epithelial–mesenchymal transition of non-small cell lung cancer by targeting MTDH
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Cell culture
	Cell transfection
	RNA isolation and qRT-PCR
	Western blot assay
	Wound-healing assay
	Transwell migration and invasion assay
	Dual luciferase assay
	Statistical analysis

	Results
	miR-145 and miR-497 are downregulated in NSCLC cell lines
	miR-145 and miR-497 inhibit TGF-β-induced migration and invasion
	MiR-145 and miR-497 suppress TGF-β-induced EMT
	MTDH is a direct target of miR-145 and miR-497

	Discussion
	Conclusions
	Authors’ contributions
	References




