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miR-21-5p/SMAD7 axis promotes the progress of lung cancer
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Abstract
Background: Lung cancer is one of the most common malignant tumors threatening
human health. The aim of this study was to investigate the function of miR-21-5p in
lung cancer progression.
Methods: We analyzed the expression levels of miR-21-5p in lung cancer tissues and
cell lines. The qRT-PCR and MTT assays were performed after transfection with miR-
21-5p mimic, inhibitor and negative control into lung cancer cells.
Results: Luciferase reporter assays showed miR-21-5p directly target SMAD7. The
miR-21-5p inhibitor significantly suppressed lung cancer cell proliferation, invasion
and migration. We found that SMAD7 was upregulated in lung cancer tissue. In addi-
tion, we found that SMAD7 inhibited lung cancer cell proliferation and miR-21-5p
mimic damaged the inhibitory effect of SMAD7.
Conclusions: miRNA-21-5p may promote cell proliferation, migration and invasion
by spoiling SMAD7 expression in lung cancer cells.

K E YWORD S
lung cancer, microRNA, miR-21-5p, SMAD7

INTRODUCTION

Lung cancer is one of the most common malignant tumors
threatening human health.1 Although the treatment of lung
cancer has made great progress, the mortality rate is increas-
ing year by year.2 So far, little is known about the mecha-
nism of lung cancer occurrence and development. The
occurrence of lung cancer is a multifactor, multistage, multi-
gene synergistic process which is related to the dysregulation
expression of oncogenes and tumor suppressor genes.3,4

Recent studies have revealed that some microRNAs
(miRNAs) are involved in tumor formation. MicroRNAs are
a class of non-coding single-stranded small molecule RNA
with a length of 19 to 22 nucleotides that have been discov-
ered in recent years.5 Mature miRNAs are retained in a func-
tional complex and regulate gene expression by binding to
the 30-untranslated region of target mRNA.6 MicroRNAs play
a crucial role in many biological processes from embryonic
development, differentiation, immune regulation, disease
cause (including oncogenes activation and tumor suppressor
genes inactivation) and senescence.2,7 In recent years, more
and more studies have shown that many miRNAs can be

used as proto-oncogenes or tumor suppressor genes, and play
an important role in the occurrence and development of can-
cer. Among them, miRNA-21 is the most interesting.

The coding gene of miRNA-21 is located at 17q23.2,
vacuolemembraneprotein-1 (VMP1) coding region, the tenth
intron of VMP1 gene. Studies have shown that some tumors
have genomic 17q23.2 amplification mutations, such as breast
and prostate cancer, and Hodgkin’s lymphoma.8 Over-
expression of miRNA-21-5p has been confirmed in various
cancers, such as breast, prostate, and gastric cancer.9–11 The
clinical significance of miRNA-21-5p expression in human
cancer has been previously reported.12 miRNA-21-5p is
involved in cell proliferation, differentiation, and apoptosis,
and is therefore closely related to tumor growth, invasion, and
metastasis. Yan et al. reported that miRNA-21-5p over-
expression is associated with specific clinical pathological char-
acteristics of breast cancer, advanced tumor stage, lymph node
metastasis, and patient survival.13 Although many studies have
reported that the expression level of miRNA-21-5p is signifi-
cantly increased in tumor cells and has oncogenic activity,
because microRNA has several or even dozens of target genes,
the mechanism of cell biological behavior changes caused by
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miRNA-21 has not yet been fully elucidated. The relationship
between miRNA-21-5p expression and lung cancer has not
been fully elucidated, and more detailed mechanism studies
are needed to elucidate its complex biological role.

Studies have shown abnormal expression of SMAD7 in
various types of tumors such as breast, gastric, pancreatic and
prostate cancers. In colorectal cancer, SMAD7 protein expres-
sion is increased and its overexpression is negatively correlated
with the survival rate of colorectal cancer patients.14 Kleeff
et al. report that the SMAD7 expression level in pancreatic
cancer is higher by comparison with that of the normal pan-
creas.15 The pancreatic cancer cells transfected with SMAD7
have been found to have increased malignancy and enhanced
tumorigenic ability in nude mice, suggesting that abnormal
expression of SMAD7 will contribute to tumor development.16

However, some studies have shown different results. It has
been reported that transfection of SMAD7 antisense gene
could block the growth promotion of TGFbeta.17 At present,
there are few studies on the role of SMAD7 in the occurrence,
development, invasion and metastasis of lung cancer.

METHODS

Cells and reagents

The human lung cancer cell lines A549, H460, H1299 and
normal human bronchial epithelial cell line (HBE) were pur-
chased from the Shanghai Cell Bank of Chinese Academy of
Sciences. All cells were cultured in RPMI1640 cell culture
medium containing 100 ml/L fetal bovine serum, 100 U/ml
penicillin, 100 g/ml streptomycin and 2 mmol/L glutamine
at 37�C with 5% CO2 in full humidity.

Transient transfection

Cells were counted and seeded on a 24-well plate one day
before transfection. RPMI1640 culture solution with no
serum or antibiotics was diluted for transfection. miRNA-
21-5p inhibitor, mimic and negative control were designed
and synthesized by Biomic Biotechnology (USA). The
sequence of primers are as follows: miRNA-21-5p sense chain
of mimic: 50-UAGCUUAUCAGACUGAUGUUGA-30, anti-
sense chain: 50-AACAUCAGUCAUACUAUU-30; miRNA-
21-5p sense chain of inhibitor: 50-UCAACAUCAGUC
UGAUACUA-30. The miRNA-21-5p inhibitor, the mimic
and the negative control were mixed with the Lip-
ofectamineTM 2000 reagent, left at room temperature for
20 min, then added to the corresponding well cells, and incu-
bated at 37�C in a 5% CO2 incubator for 4–6 h.

Quantitative real-time (qRT-PCR)

Total RNA was extracted from lung cancer cells using TRI-
zol reagent (Life Technologies). The cell growth medium

was removed and 1 ml of TRIzol reagent was added to each
105 cells to lyse the cells. Then, 200 μl of chloroform was
added for every 1 ml of TRIzol and incubated for 2 min.
The sample was centrifuged at 12 000 � g at 4�C for
15 min. The aqueous phase containing RNA was collected,
and the RNA was precipitated, washed, and dissolved. The
miScript reverse transcription kit (Qiagen) was used for
reverse transcription (RT) of microRNA, and the TaqMan
universal PCR master mix was used to detect the expression
of mature miRNA-21-5p.

MTT

Cells were seeded in 96-well plates with a density of 2000
cells/well in 100 μl medium. The plate was incubated for the
appropriate period and then 10 μl of MTT (5 g/L) solution
was added to each well of the plate. Incubation continued
for 4 h, and the culture medium was carefully aspirated from
the well. Then, 150 μl DMSO was added to each well and
and the plate was shaken for 10 min to fully dissolve the
crystals. The optical density value (OD) at 450 nm was
detected using a microplate spectrophotometer.

Transwell assay

The cell culture inserts were placed into the wells of the cul-
ture plate. The polycarbonate filter was either precoated
with 50 μl of Matrigel for the invasion assay or uncoated for
the migration assay. The cells were seeded into the upper
chamber with a medium without FBS. The lower chambers
were filled with culture medium with 10% FBS. After incu-
bation for 48 h, the cells (noninvasive cells) on the upper
surface of the insert were removed with a cotton swab. The
invaded cells were stained with 0.1% crystal violet.
The number of cells passing through the membrane in five
different fields of view under a 100x light microscope were
selected, and the average value calculated.

Luciferase reporter assay

The wild-type (wt) or mutated (mut) mir-21-5p binding
sequences from SMAD7 30UTR were cloned into the pGL3
basic vector. Cells seeded at a density of 50% were placed
into a 12-well culture plate. After 16 h of continuous culture,
the luciferase reporter gene plasmid and pRL-TK plasmid
were transfected when the cell density was about 70%.
According to the manufacturer’s protocol, Lipofectamine
2000 was used to cotransfect the cells with mir-21-5p
mimics, SMAD7 (wt) and SMAD7 (mut). The renilla lucif-
erase was used as a loading control. The cells were
harvested. Luciferase activity was analyzed using a dual
luciferase reporting system (Promega). In brief, after
cotransfection of the plasmid for 48 h, the medium was dis-
carded and the cells were washed with PBS. The 12-well
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plate was tilted and the remaining PBS aspirated. Then,
50 μl PLB was added to each well and shaken for 30 min on
a shaker to ensure complete cell lysis. In a white opaque
96-well plate, 10 μl supernatant and 100 μl luciferase assay
reagent II was added to each well, and the luciferase inten-
sity measured. After the test had been completed, we added
100 μl Stop&Glo reagent to each well, and measured the
renilla luciferase activity.

Statistical analysis

All experiments were performed independently at least three
times. Statistical analysis was performed using a Student’s t-
test or a one way ANOVA. All data is shown as mean
+/� SEM.

RESULTS

miR-21-5p is upregulated in lung cancer and
correlated with prognosis

We performed a pan-cancer analysis of miR-21-5p expression
using dbDEMC 2.0 database (https://www.biosino.org/
dbDEMC/index). A heat map showed that the expression
level of miR-21-5p was significantly upregulated in lung can-
cer tissues (LUCA) (Figure 1(a)). In addition, the expression
of miR-21-5p between lung cancer and normal lung tissue
was initially analyzed using the starBase v2.0 database (http://

starbase.sysu.edu.cn/) (Figure 1(b)). In addition, the relation-
ship between miR-21-5p expression and the prognosis of lung
cancer patients was analyzed. The starBase database analysis
results showed the survival rate of lung cancer patients with
low expression of miR-21-5p was better than that of the
patients with high expression of miR-21-5p (Figure 1(c)).

Function of miR-21-5p in lung cancer cells

RT-qPCR results showed that miR-21-5p expression in lung
cancer cell lines (A549, H460, H1299) was significantly
higher than that in normal bronchial epithelial cells (HBE)
(p < 0.05). As shown in Figure 2(a), the expression level of
miR-21-5p was the highest in H1299 cells. The miR-21-5p
inhibitor was transfected into H1299 cells. The results of RT-
qPCR showed that miR-21-5p inhibitor significantly reduced
the expression level of miR-21-5p (Figure 2(b)). The MTT
assay showed that miR-21-5p inhibitor inhibited the prolifer-
ation of lung cancer cells (Figure 2(c)). In addition, a
transwell assay was used to compare the effect of miR-21-5p
expression on the migration and invasion ability of lung can-
cer cells. The data showed that miR-21-5p inhibitor inhibited
the invasion and migration of lung cancer cells (Figure 2(d)).

miR-21-5p targets SMAD7 in lung cancer cells

To identify miR-21-5p target genes involved in lung cancer
cell behavior, we searched the Targetscan database. The

F I G U R E 1 miR-21-5p is upregulated in lung cancer and is correlated with prognosis. (a) The pan-cancer analysis of miR-21-5p differential expression.
(b) High miR-21-5p expression in lung cancer compared with normal tissue. (c) Relationship between miR-21-5p expression level and overall survival of
patients with lung cancer
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F I G UR E 2 The function of miR-21-5p
in lung cancer cells. (a) The expression level
of miR-21-5p in lung cancer cell lines.
(b) miR-21-5p expression in H1299 cells was
measured after transfection with miR-21-5p
inhibitor. (c) Cell proliferation was detected
in H1299 cells after transfection with miR-
21-5p inhibitor. (d) Transwell assay was
performed in H1299 cells after transfection
with miR-21-5p inhibitor. **p < 0.01,
*p < 0.05, one-way ANOVA for multiple
comparisons in a Student’s t-test was used in
(b) and (c)

F I G U R E 3 The miR-21-5p targets SMAD7 in
lung cancer cells. (a) Predicted binding site between
miR-21-5p and 30-UTR of SMAD7. (b) Luciferase
activity in H460 cells transfected with wild-type or
mutation SMAD7 and miR-21-5p mimic or NC-
miRNA. (c) SMAD7 mRNA expression was measured
in H460 cells. (d) Cell proliferation was detected in
H460. **p < 0.01, one-way ANOVA for multiple
comparisons in (b), (c) and (d)

2310 TANG ET AL.



results showed that there was a complementary sequence with
miR-21-5p on the 30UTR end of SMAD7 mRNA (Figure 3
(a)). Renilla-luciferase reporter assay was performed to deter-
mine whether SMAD7 was a direct target of miR-21-5p. We
cloned the full length 30UTR sequence of SMAD7 mRNA
containing wild-type or mutant miR-21-5p binding sequence
in the dual luciferase vector. Dual-luciferase reporter assay

showed that miR-21-5p mimic inhibited luciferase activity of
the SMAD7 reporter gene (Figure 3(b)). In addition, we
found that miR-21-5p mimic could reduce the expression
level of SMAD7 mRNA, while miR-21-5p inhibitor could
increase the expression level of SMAD7 mRNA (Figure 3(c)).
These results suggest that SMAD7 is a direct target of
miR-21-5p in lung cancer cells. The miR-21-5p mimic could

F I G U R E 4 The expression level of SMAD7 in lung cancer tissues. (a) The expression level of SMAD7 in lung cancer and normal lung tissues using the
starBase database. (b) The expression level of SMAD7 in lung cancer and normal lung tissues using the GEPIA database. (c) The StarBase database showed a
relationship between SMAD7 expression level and prognosis of patients with lung cancer. (d) The GEPIA database showed a relationship between SMAD7
expression level and prognosis of patients with lung cancer
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abrogate the inhibition of proliferation by ectopically
expressing SMAD7 in SMAD7-overexpressed CRC cells
(Figure 3(d)).

Expression level of SMAD7 in lung cancer
tissues

We analyzed SMAD7 expression in lung cancer tissues using
the starBase and GEPIA databases. Statistical analysis of
SMAD7 expression showed a reduction in lung cancer tis-
sues compared to normal lung tissues (Figure 4(a) and (b)).
In addition, according to the survival curves defined by high
and low expression of SMAD7 in lung cancer patients, it
was found that a high expression level of SMAD7 had an
important effect on the overall survival of patients. The sta-
rBase and GEPIA databases showed that high levels of
SMAD7 expression had a good effect on overall survival
of patients (Figures 4(c) and (d)).

DISCUSSION

Abnormal cell proliferation is an important feature of tumor
biology, and miRNAs play an important role in regulating
cell proliferation, differentiation, and apoptosis. Many stud-
ies have reported that miRNAs play a role of carcinogenic
or tumor suppressor genes. Some miRNAs with carcino-
genic effects can promote the occurrence of tumors by
inhibiting the expression of tumor suppressor genes. Com-
pared with normal tissues, the expression level of miRNAs
in tumor tissues is significantly different from normal tis-
sues, so these abnormally expressed miRNAs are expected to
be important markers for tumor diagnosis, prognosis and
treatment. Studies have shown that miRNA-21-5p expres-
sion in various tumor tissues is increased, such as in gastric,
prostate, breast, pancreatic, cervical, and colon cancers.18,19

Inhibiting the expression of miRNA-21-5p can reduce the
proliferation of breast cancer cell lines and promote apopto-
sis of breast cancer cells by indirectly downregulating the
antiapoptotic factor Bcl-2. After inhibiting miRNA-21-5p
expression with antisense oligonucleotides, activity of
Caspase-3 and Caspase-7 increased, and apoptosis of glio-
blastoma cells increased significantly, which shows that
miRNA-21-5p has an antiapoptotic effect and its abnormal
expression inhibits expression of death-related genes causing
tumorigenesis. Seike et al. treated H3255 cell lines with
EGFR mutation and H441 cell lines with wild-type EGFR
mutation with EGFR-TKIs, and the miRNA-21-5p expres-
sion in these two cell lines was downregulated, indicating
that the activated EGFR signaling pathway has a positive
regulatory effect on miRNA-21-5p.20 In addition, several
studies have confirmed that miRNA-21-5p can regulate
tumor cell proliferation, migration and sensitivity to chemo-
therapy by acting on the tumor suppressor genes PTEN,
MARCKS, PDCD4, and Cdc25A.21–24 In summary, miRNA-
21-5p is closely related to the occurrence and development

of various tumors, and can be used for tumor diagnosis,
treatment and prognosis, and has important clinical signifi-
cance. However, due to the lack of in-depth understanding
of the transcriptional regulation mechanism of miRNA-
21-5p target genes, the clinical application of miRNA-21-5p
is limited. It can be expected that with further research,
miR_21 will have broad application prospects in the diagno-
sis and treatment of tumors.

It has been previously reported that SMAD7 expression
is reduced in cisplatin-resistant lung cancer A549 cell
lines.25 In this study, miRNA-21-5p mimics and inhibitors
were transfected into H460 cells. The results of the qRT-
PCR assay showed that SMAD7 expression increased signifi-
cantly in cells after transfecting miRNA-21-5p inhibitor; the
expression of SMAD7 in cells was significantly reduced after
transfection with miRNA-21-5p mimic.

In the MTT experiment, the cells transfected with
SMAD7 had a significantly decreased OD 450 nm value com-
pared to the scramble transfected cells. At the same time,
there was no difference in the cells cotransfected with
miRNA-21-5p mimic and SMAD7 with scramble. The above
results suggest that miRNA-21-5p mimic may promote the
proliferation of H460 cells by inhibiting SMAD7 expression.

In summary, miRNA-21-5p affects the migration and
proliferation of lung cancer H1299 cells through targeted
regulation of SMAD7 expression in lung cancer cells,
suggesting that miRNA-21-5p is a potential target, which
can be used for the intervention and prevention of the lung
cancer process.

ACKNOWLEDGMENTS
This study was supported by the funding of Health and
Family Planning Commission of Hunan Province
(No. 20201699).

CONFLICT OF INTEREST
No conflict of interest is reported.

ORCID
Jie Wu https://orcid.org/0000-0001-5744-8840

REFERENCES
1. Kong W, Tian AN, Bo LV, Jiang G. Current status: low dose spiral CT

lung screening and pulmonary nodules. Pract Oncol J. 2018;32(1):68–71.
2. Cheng-Bing XU, Ding MX, Chang YY, Dan LU. Current status and

progress of research on the relationship between estrogen and non-
small cell lung cancer. Med Recapitulate. 2016;22:4215–4218.

3. Jamaati H, Bahrami N, Tabarsi P, Khosravi A, Mohamadnia A. Multi-
gene expression in anthracosis of the lungs as one of the risk factors
for non-small cell lung cancer. Asian Pac J Cancer Prev. 2017;18:
3129–33.

4. Engchuan W. Pathway-based multi-class classification of lung cancer.
In: International Conference on Neural Information Processing. Berlin,
Heidelberg: Springer; 2012. p. 697–702.

5. Yuan B, Yu WY, Dai LS, Gao Y, Ying Y, Yu XF, et al. Expression of
microRNA?26b and identification of its target gene EphA2 in pituitary
tissues in Yanbian cattle. Mol Med Rep. 2015;12:5753–61.

6. Popp NA, Yu D, Green B, Chew EY, Ning B, Chan CC, et al. Func-
tional single nucleotide polymorphism in IL�17A 30 untranslated

2312 TANG ET AL.

https://orcid.org/0000-0001-5744-8840
https://orcid.org/0000-0001-5744-8840


region is targeted by miR-4480 in vitro and may be associated with
age-related macular degeneration. Environ Mol Mutagen. 2016;57(1):
58–64.

7. Hayes J, Peruzzi PP, Lawler S. MicroRNAs in cancer: biomarkers,
functions and therapy. Trends Mol Med. 2014;20:460–9.

8. Krichevsky AM, Gabriely G. miR-21: a small multi-faceted RNA.
J Cell Mol MedJournal of cellular and molecular medicine. 2009;13:
39–53.

9. Li T, Li D, Sha J, Sun P, Huang Y. MicroRNA-21 directly targets
MARCKS and promotes apoptosis resistance and invasion in prostate
cancer cells. Biochem Biophys Res Commun. 2009;383:280–5.

10. Kumar S, Keerthana R, Pazhanimuthu A, Perumal P. Overexpression
of circulating miRNA-21 and miRNA-146a in plasma samples of
breast cancer patients. Indian J Biochem BiophysIndian Journal
of Biochemistry & Biophysics. 2013;50(3):210–214.

11. Li BS, Zhao YL, Guo G, Li W, Zhu ED, Luo X, et al. Plasma micro-
RNAs, miR-223, miR-21 and miR-218, as novel potential biomarkers
for gastric cancer detection. PLoS One. 2012;7:e41629.

12. Rask L, Balslev E, Jorgensen S, Eriksen J, Flyger H, Moller S, et al.
High expression of miR-21 in tumor stroma correlates with increased
cancer cell proliferation in human breast cancer. APMIS. 2011;119:
663–73.

13. Yan LX, Huang XF, Shao Q, Huang MY, Deng L, Wu QL, et al.
MicroRNA miR-21 overexpression in human breast cancer is associ-
ated with advanced clinical stage, lymph node metastasis and patient
poor prognosis. RNA. 2008;14:2348–60.

14. Halder SK, Rachakonda G, Deane NG, Datta PK. Smad7, colorectal
cancer. Br J CancerBritish Journal of Cancer. 2011;99:957–65.

15. Kleeff J, Ishiwata T, Maruyama H, Friess H, Truong P, Büchler MW.
The TGF-β signaling inhibitor Smad7 enhances tumorigenicity in
pancreatic cancer. Oncogene. 1999;18:5363–72.

16. Singh P, Srinivasan R, Wig J. The Smad family and its role in pancre-
atic cancer. Indian J CancerIndian Journal of Cancer. 2011;48:351–60.

17. Nakao A, Okumura K, Ogawa H. Smad7: a new key player in TGF-
beta-associated disease. Trends Mol MedTrends in Molecular Medi-
cine. 2002;8:361–3.

18. Han Y, Xu GX, Lu H, Yu DH, Zhang R. Dysregulation of miRNA-21
and their potential as biomarkers for the diagnosis of cervical cancer.
Int J Clin Exp Pathol. 2015;8:7131–9.

19. Wang S, Wang Z, Wang Q, Cui Y, Luo S. Clinical significance of the
expression of miRNA-21, miRNA-31 and miRNA-let7 in patients
with lung cancer. Saudi J Biol Sci. 2019;26(4):777–81.

20. Seike M, Goto A, Okano T, Bowman ED, Schetter AJ, Horikawa I,
et al. MiR-21 is an EGFR-regulated anti-apoptotic factor in lung can-
cer in never-smokers. Proc Natl Acad Sci U S A. 2009;106:12085–90.

21. Yan X, Liu Y, Kong X, Ji J, Zhu H, Zhang Z, et al. MicroRNA-21-5p
are involved in apoptosis and invasion of fibroblast-like synoviocytes
through PTEN/PI3K/AKT signal. Cytotechnology. 2019;71:317–28.

22. Fang S, Qi Y, Park J, Crews AL, Adler KB. MicroRNA-21 (miR-21)
affects migration of human lung cancer cells in vitro via regulation Of
MARCKS expression. B62. Molecular Insights Into Lung Cancer I.
2014;189:A3459.

23. Zi-an W, Hai-bin Z, Lu-yan Y, Yu L, Ying C. The mechanism research of
miRNA-21-5p in the targeted regulation of the sensitivity of gastric cancer
cells to cisplatin by pdcd4. J Bengbu Med Coll. 2018;43(10):1339–1342.

24. Wang P, Zou F, Zhang X, Li H, Dulak A, Tomko RJ Jr, et al. micro-
RNA-21 negatively regulates Cdc25A and cell cycle progression in
colon cancer cells. Cancer Res. 2009;69:8157–65.

25. Jeon WK, Hong HY, Seo WC, Lim KH, Lee HY, Kim WJ, et al. Smad7
sensitizes A549 lung cancer cells to cisplatin-induced apoptosis
through heme oxygenase-1 inhibition. Biochem Biophys Res
Commun. 2012;420:288–92.

How to cite this article: Tang J, Li X, Cheng T, Wu J.
miR-21-5p/SMAD7 axis promotes the progress of
lung cancer. Thorac Cancer. 2021;12:2307–13. https://
doi.org/10.1111/1759-7714.14060

TANG ET AL. 2313

https://doi.org/10.1111/1759-7714.14060
https://doi.org/10.1111/1759-7714.14060

	miR-21-5p/SMAD7 axis promotes the progress of lung cancer
	INTRODUCTION
	METHODS
	Cells and reagents
	Transient transfection
	Quantitative real-time (qRT-PCR)
	MTT
	Transwell assay
	Luciferase reporter assay
	Statistical analysis

	RESULTS
	miR-21-5p is upregulated in lung cancer and correlated with prognosis
	Function of miR-21-5p in lung cancer cells
	miR-21-5p targets SMAD7 in lung cancer cells
	Expression level of SMAD7 in lung cancer tissues

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


