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Summary

Purpose: MicroRNAs are involved in the occurrence and
progression of tumors. Previous studies have confirmed that
microRNA-203 serves as an oncogene. The specific role of mi-
croRNA-203 in non-small cell lung cancer (NSCLC) is rarely
reported. This study aimed to explore the regulatory effect of
microRNA-203 on NSCLC and its underlying mechanism.

Methods: MicroRNA-203 expression in 96 pairs of NSCLC
tissues and paracancer tissues was detected by quantitative re-
al-time polymerase chain reaction (qQRT-PCR). Correlation be-
tween microRNA-203 expression and prognosis of NSCLC was
further analyzed. Proliferative, migratory and invasive abili-
ties of NSCLC cells after transfection with si-microRNA-203
or si-negative control (NC) were assessed by cell counting kit-
8 (CCK-8), 5-Ethynyl-2’-deoxyuridine (EAU), colony forma-
tion and Transwell assay, respectively. Rescue experiments
were conducted to investigate the interaction between micro-
RNA-203 and survivin in regulating NSCLC progression.

Introduction

Lung cancer (LC) is a common malignancy of
the respiratory system worldwide [1,2]. In China,
there were 4.29 million new cases and 2.81 mil-
lion death cases of LC in 2015 [3,4]. Non-small cell
lung cancer (NSCLC) accounts for over 85% of all
LC cases, with morbidity of up to 80-90% [5-7]. Al-
though the treatment approaches for NSCLC have
been greatly advanced, the 5-year survival is still
less than 15% [8]. At present, targeted drugs greatly
reduce the lesions to adjacent normal tissues and

Results: MicroRNA-203 was highly expressed in NSCLC
tissues than in paracancer tissues. Correlation analyses
showed that microRNA-203 expression was positively cor-
related to tumor stage, lymph node metastasis and distant
metastasis, whereas it was not correlated to age and sex of
NSCLC patients. MicroRNA-203 knockdown inhibited pro-
liferative, migratory and invasive abilities of NSCLC cells.
Rescue experiments confirmed that microRNA-203 promotes
the progression of NSCLC via targeting survivin.

Conclusions: MicroRNA-203 is highly expressed in NSCLC,
and is closely related to tumor stage, lymph node metastasis,
distant metastasis and poor prognosis of NSCLC patients. It
is concluded that microRNA-203 promotes the progression
of NSCLC via regulating survivin expression.
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incidence of adverse events compared to traditional
cytotoxic drugs [9,10]. With the development of
molecular biology technology, targeted drug ther-
apy has become one of the research hotspots in
recent years [11]. It is believed that NSCLC results
from long-term interaction between genetic and
environmental factors. Disordered proliferation,
apoptosis and differentiation, all lead to tumori-
genesis [12-14]. Hence, it is of great significance to
clarify the specific mechanism leading to NSCLC
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genesis, so as to improve the clinical outcomes of
affected people.

MicroRNAs (miRNAs) are non-coding, small
RNAs with about 22-25 nucleotides in length,
which regulate expressions of target genes by com-
plementary pairing. MicroRNAs participate in vari-
ous biological processes, such as cell proliferation,
differentiation and apoptosis [15,16]. MicroRNAs
are widely present in organs and tissues, which are
capable of regulating disease development at post-
transcriptional level [17-19]. It is reported that mi-
croRNAs serve as oncogenes or tumor-suppressor
genes, playing crucial roles in tumor progression
[20-22]. So far, the role of microRNAs in cisplatin-
resistance of LC cells and the molecular mecha-
nisms remains unclear.

The purpose of our study was to provide a theo-
retical basis for developing novel approaches in
diagnosing and treating NSCLC.

Methods

Patients and NSCLC samples

Surgically resected NSCLC tissues and paracancer
tissues from 96 NSCLC patients were collected. All en-
rolled patients were pathologically diagnosed as NSCLC
based on the 8% edition of UICC/AJCC. Patients did not
receive preoperative anti-tumor treatments. This study
was approved by the Ethics Committee of Tangdu Hos-
pital and all patients signed informed consent.

Cell culture

Human LC cell lines (SKMES1, A549, H358, H1299
and SPCA1) and human bronchial epithelial cell line
(16HBE) were obtained from American Type Culture Col-

lection (ATCC) (Manassas, VA, USA). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
Rockville, MD, USA) containing 10% fetal bovine serum
(FBS) (Gibco, Rockville, MD, USA) and maintained in a
5% CO, incubator at 37°C.

Transfection

Corresponding plasmids of si-microRNA-203 and si-
NC were purchased from GenePharma (Shanghai, China).
Cell transfection was performed until 70% confluence
following the instructions of Lipofectamine 2000 (Inv-
itrogen, Carlsbad, CA, USA).

Cell counting kit-8 (CCK-8) assay

Transfected cells were seeded in 96-well plates with
2000 cells per well. CCK-8 reagent was added (Dojindo
Laboratories, Kumamoto, Japan), followed by determina-
tion of optical density (OD) at 490 nm wavelength using
a microplate reader.

Colony formation assay

200 transfected cells were seeded in each well of
6-well plates for 2-week cell culture. DMEM contain-
ing 10% FBS was replaced once a week. Cells were then
washed with phosphate buffered saline (PBS), fixed
with methanol for 20 min and stained with 0.1% crys-
tal violet for 20 min. Colonies were captured using a
microscope.

5-Ethynyl-2’-deoxyuridine (EAU) proliferation assay

Transfected cells were incubated with 50 pM EdU
(RiboBio, Nanjing, China) for 2 h, followed by Apollo
staining and DAPI (4’,6-diamidino-2-phenylindole) stain-
ing. EdU-positive cells were accessed with a fluorescence
microscope. The EAU incorporation rate was calculated
as the ratio of EdU-positive cells to total DAPI-positive
cells (blue cells).

Table 1. Association of miR-203 expression with clinicopathologic characteristics of hepatocellular carcinoma

Parameters Number of cases miR-203 expression p value
Low (%) High (%)

Age (years) 0.569
<60 42 25 17
=60 54 29 25

Gender 0.143
Male 47 30 17
Female 49 24 25

T stage 0.032
T1-T2 53 35 18
T3-T4 43 19 24

Lymph node metastasis 0.035
No 55 36 19
Yes 41 18 23

Distant metastasis 0.023
No 70 45 25
Yes 26 10 16
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Transwell assay

Transfected cells were centrifuged and resuspended
in serum-free DMEM at a density of 2.0x10%mL. Tran-
swell chambers pre-coated with Matrigel were placed
in 24-well plates. 200 pL of cell suspension and 600 pL
of medium containing 10% FBS were added in the up-
per and lower chamber, respectively. After cell culture
for 48 h, cells were fixed with 4% paraformaldehyde for
15 min and stained with crystal violet for 15 min. In-
ner cells were carefully cleaned. Penetrating cells were
captured in 5 randomly selected fields of each sample
for cell counting.

Quantitative real-time polymerase chain reaction (QRT-PCR)

TRIzol kit (Invitrogen, Carlsbad, CA, USA) was
used to extract the total RNA, which was then reversely
transcribed into complementary DNA (cDNA). After the
cDNA was amplified, gRT-PCR was performed to detect
the expressions of related genes. Relative gene expres-
sion was calculated using 24 method.

Western blot

Cells were lysed for protein extraction. The concen-
tration of each protein sample was determined by a bicin-
choninic acid (BCA) kit (Abcam, Cambridge, MA, USA).
Protein sample was separated by gel electrophoresis
and transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). After incubation
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with primary and secondary antibody (Cell Signaling
Technology, Danvers, MA, USA), immunoreactive bands
were exposed by enhanced chemiluminescence method.

Statistics

SPSS 22.0 software (IBM, Armonk, NY, USA) was
used for statistical analyses. The quantitative data were
expressed as mean+standard deviation (x+s). The-t test
was used for comparing differences between the two
groups. Categorical data were compared using x? test.
The prognosis of NSCLC patients was analyzed by Ka-
plan-Meier and differences between curves were com-
pared by Log-rank test. P<0.05 was considered statisti-
cally significant.

Results

MicroRNA-203 was highly expressed in NSCLC tissues
and cell lines

MicroRNA-203 was highly expressed in
NSCLC tissues compared to paracancer tissues de-
tected by qRT-PCR (Figure 1A and 1B). Similarly,
microRNA-203 expression was higher in NSCLC
cells compared with that of controls (Figure 1C). In
particular, SPCA1 and H1299 cells showed a rela-
tive high expression of microRNA-203, which were
selected for the following experiments.
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Figure 1. A,B: MicroRNA-203 expression in 96 pairs of NSCLC tissues and paracancer tissues. The results of gRT-PCR
showed that microRNA-203 was highly expressed in NSCLC tissues compared to paracancer tissues. C: MicroRNA-203
expression in NSCLC cell lines (SKMES1, H358, SPCA1, H1299, and A549) and normal lung cell (16HBE). The results
of gRT-PCR showed that microRNA-203 was highly expressed in NSCLC cell lines compared to normal lung cells.
D: Kaplan-Meier survival curves of NSCLC patients based on microRNA-203 expression. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 2. A,B: Transfection efficacy of si-microRNA in SPCA1 and H1299 cells. C,D: Proliferation of SPCA1 and H1299
cells after microRNA-203 knockdown. E: Colony formation in SPCA1 and H1299 cells after microRNA-203 knockdown
showing that microRNA-203 knockdown inhibited the proliferation of NSCLC cells. F: Representative profiles of EdU-
positive cells after microRNA-203 knockdown in SPCA1 cells and H1299 cells. The Figure shows that microRNA-203
knockdown inhibited the proliferation of NSCLC cells (*p<0.05).
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Figure 3. A,B: SPCA1 and H1299 cells transfected with si-microRNA-203 displayed significantly lower migration ca-
pacity. C,D: SPCA1 and H1299 cells transfected with si-microRNA-203 displayed significantly lower invasion capacity
(**p<0.01).
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Figure 4. A-C: The mRNA expression level of survivin relative to GAPDH in human NSCLC tissues, paracancer tissues
and NSCLC cell lines were detected by qRT-PCR. The Figure shows that survivin expression was significantly lower in
NSCLC tissues compared to paracancer tissues and human bronchial epithelial cell line 16HBE, respectively. The Figure
also shows that knockdown of survivin in NSCLC cells remarkably upregulated microRNA-203 expression. D: Negative
correlation was found between microRNA-203 and survivin in tumor samples. (*p<0.05, **p<0.01, ***p<0.001).
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MicroRNA-203 expression was correlated with clinical
stage, lymph node metastasis, distance metastasis and
overall survival of NSCLC patients

Correlation analyses showed that microR-
NA-203 expression was positively correlated to
tumor stage, lymph node metastasis and distant
metastasis, but not to age and sex of NSCLC pa-
tients (Table 1). Subsequently, NSCLC patients
were divided into high-level group and low-level
group according to their microRNA-203 expres-
sion. Survival analyses confirmed that NSCLC pa-
tients in the high-level group presented a worse
prognosis compared with those in the low-level
group (Figure 1D), suggesting that microRNA-203
may serve as a prognostic factor in NSCLC.

MicroRNA-203 knockdown inhibited cell proliferation

To explore the role of microRNA-203 in reg-
ulating biological functions of NSCLC cells, si-
microRNA-203 and si-NC were first constructed
(Figure 2A and 2B). CCK-8 results elucidated that
microRNA-203 knockdown inhibited the prolifera-
tion of NSCLC cells (Figure 2C and 2D). Similar
results were obtained in colony formation assay
and EdU assay (Figure 2E and 2F).
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MicroRNA-203 knockdown inhibited cell migration
and invasion

Transwell assay demonstrated that the amount
of penetrating cells after microRNA-203 knock-
down was fewer than that of controls, indicating
that microRNA-203 inhibited the migratory ability
of LC cells (Figure 3A and 3B). We also confirmed
that microRNA-203 knockdown suppressed the in-
vasive ability of NSCLC cells (Figure 3C and 3D).

Survivin modulated microRNA-203 expression in hu-
man NSCLC cells

Through bioinformatics analyses, survivin
was found to be related to microRNA-203. Both
gRT-PCR and Western blot confirmed that survivin
was downregulated in NSCLC tissues in compari-
son with that of paracancer tissues (Figure 4A).
Survivin expression was also lowly expressed
in NSCLC cells than that of 16HBE cells (Figure
4B).

Furthermore, knockdown of survivin in NSCLC
cells remarkably upregulated microRNA-203 ex-
pression (Figure 4C). We selected 16 pairs of
NSCLC tissues and paracancer tissues to detect the
expression levels of microRNA-203 and survivin.
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Figure 5. A: Survivin expression in NSCLC cells detected by qRT-PCR. The Figure shows that survivin mRNA was lowly
expressed in NSCLC cells after transfection with si-survivin. B: Western blot was used to detect the protein expression of
survivin. The Figure shows that survivin protein was lowly expressed in NSCLC cells after transfection with si-survivin.
C,D: The roles of microRNA-203 and survivin in the representative profiles of EdU-positive cells. The Figure shows
inhibited proliferation of SPCA1 and H1299 cells induced by microRNA-203 knockdown which was reversed by survivin
knockdown. A representative data set is displayed as mean + SD values (**p<0.01).
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The data showed that microRNA-203 expression
was negatively related to survivin expression in
NSCLC tissues (Figure 4D). In vitro experiments
also confirmed that survivin was lowly expressed
in NSCLC cells (Figure 5A and 5B). After construc-
tion of si-survivin, the results demonstrated that
the inhibited proliferation of SPCA1 and H1299
cells induced by microRNA-203 knockdown
was reversed by survivin knockdown (Figure 5C
and 5D).

Discussion

The incidence and mortality of LC have been
astonishingly risen in the world. The incidence
of LC in China is also increasing year by year [1-
3]. Traditional radiotherapy and chemotherapy
regimens exert low activity and serious adverse
reactions. It has been reported that the 5-year sur-
vival rate of NSCLC patients undergoing cisplatin
chemotherapy is only 15.7% [4,5]. NSCLC poses a
great challenge in clinical treatment and it also
poses a serious burden on affected patients and
their families [6,7]. So far, radical surgery is still
the preferred therapeutic method for NSCLC. How-
ever, part of NSCLC patients cannot be operated
due to advanced disease stage. These patients re-
ceive conservative treatments, such as chemother-
apy, radiotherapy, and targeted drug medication
[8-11].

Studies have shown that about 65% of NSCLC
patients are already in advanced stage of disease
when diagnosed, and the onset age is over 65 years
in 50% of affected patients. Due to the poor physical
function, cisplatin chemotherapy is the preferred
option for them [12]. However, the 5-year survival
rate is still unsatisfactory [13]. It is reported that
chemotherapy resistance is the leading cause for
the treatment failure [7,14]. With the in-depth un-
derstanding of tumorigenesis, molecular targeted
therapy has been well recognized in tumor treat-
ment [10-13].

Recent studies have found that certain micro-
RNAs are differentially expressed in NSCLC, which
are crucial for diagnosis, treatment and prognosis
of NSCLC [15-17]. Therefore, finding aberrantly ex-
pressed microRNAs in NSCLC and analyzing their
correlation with clinical prognosis will contribute
to improvement of the diagnosis and treatment of
NSCLC [20]. This study investigated the regulatory
effects of microRNA-203 on progression of NSCLC.
We first detected microRNA-203 expression in

NSCLC tissues and paracancer tissues. Our results
confirmed that high expression of microRNA-203
in NSCLC was positively correlated to tumor stage
and metastasis. As a result, we considered that
microRNA-203 may function as an oncogene in
NSCLC. Furthermore, microRNA-203 knockdown
inhibited the proliferation, migration and invasion
of NSCLC cells.

Survivin exerts anti-apoptosis function that
is selectively expressed in malignancies [23,24].
Functionally, survivin could directly inhibit cas-
pase-3 and caspase-7 or indirectly inhibit caspases’
expression via p21 [25,26]. Previous studies point-
ed out that survivin is highly expressed in NSCLC,
which may be utilized as a tumor biomarker for
early diagnosis [27,28]. It is shown that the positive
rate of survivin is closely related to tumor differ-
entiation, TNM stage and lymph node metastasis,
indicating the specific role in tumor development.
Higher level of survivin indicates a worse progno-
sis of NSCLC [8]. This study indicated that NSCLC
tissues with high level of survivin presented poor
differentiation, frequent metastasis and high tumor
stage, which were consistent with previous conclu-
sions [28]. Survivin overexpression promotes me-
tastasis of tumor cells through upregulating the
levels of adhesion factors or initiating metastasis
pathway [29-31]. Our rescue experiments demon-
strated the interaction between microRNA-203
and survivin, suggesting that microRNA-203
regulates the progression of NSCLC via targeting
survivin.

Conclusions

MicroRNA-203 is highly expressed in NSCLC,
which is closely related to tumor stage, lymph node
metastasis, distant metastasis and poor prognosis
of NSCLC patients. It is concluded that microR-
NA-203 promotes the progression of NSCLC via
regulating survivin expression.

Acknowledgements

We thank dr. Lili Liu, MD, PhD, for generous
contribution to this work. Dr. Lili Liu should also
be considered as co-corresponding author (E-mail:
lililiu321 @hotmail.com).

Conflict of interests

The authors declare no conflict of interests.

JBUON 2019; 24(2): 597



598 MicroRNA-203 and NSCLC
References
1. Mateu-Jimenez M, Curull V, Pijuan L et al. Systemic 16. Zhu Q, Zang Q, Jiang ZM. Enhanced expression of non

10.

11.

12.

13.

14.

15.

and Tumor Thl and Th2 Inflammatory Profile and
Macrophages in Lung Cancer: Influence of Under-
lying Chronic Respiratory Disease. ] Thorac Oncol
2017;12:235-48.

Schmid S, Csanadi A, Kozhuharov N et al. CC-
Chemokine Ligand 18 Is an Independent Prognostic
Marker in Lymph Node-positive Non-small Cell Lung
Cancer. Anticancer Res 2018;38:3913-8.

Li N, Tan FW, Qiu B et al. [Comparison of lung cancer
surgery in China, 2005 vs. 2015]. Zhonghua Zhong Liu
Za Zhi 2018;40:300-2.

Shen Y, Wu B, Wang X, Zhu J. Health state utilities in
patients with advanced non-small-cell lung cancer in
China. ] Comp Eff Res 2018;7:443-52.

Vesel M, Rapp J, Feller D et al. ABCB1 and ABCG2 drug
transporters are differentially expressed in non-small
cell lung cancers (NSCLC) and expression is modified
by cisplatin treatment via altered Wnt signaling. Respir
Res 2017;18:52.

Socinski MA, Obasaju C, Gandara D et al. Clinicopatho-
logic Features of Advanced Squamous NSCLC. ] Thorac
Oncol 2016;11:1411-22.

Fasola G, De Carlo E, Grossi F. [Checkpoint inhibitors
in the decision-making algorithm of advanced non-
small-cell lung cancer.]. Recenti Prog Med 2018;109:
328-32.

Hao Y, Liu ], Wang P et al. OPN Polymorphism Is Re-
lated to the Chemotherapy Response and Prognosis in
Advanced NSCLC. Int ] Genomics 2014;2014:846142.

Domvri K, Zarogoulidis P, Darwiche K et al. Molecular
Targeted Drugs and Biomarkers in NSCLC, the Evolving
Role of Individualized Therapy. ] Cancer 2013;4:736-54.

Gong J, He L, Ma J, Zhang J, Wang L, Wang J. The
relationship between miR-17-5p, miR-92a, and let-7b
expression with non-small cell lung cancer targeted
drug resistance. JBUON 2017;22:454-61.

Florian IS, Tomuleasa C, Soritau O et al. Cancer stem
cells and malignant gliomas. From pathophysiology
to targeted molecular therapy. JBUON 2011;16:16-23.

Cai F, Miao Y, Liu C et al. Pyrroline-5-carboxylate reduc-
tase 1 promotes proliferation and inhibits apoptosis in
non-small cell lung cancer. Oncol Lett 2018;15:731-40.

Xing Z, Wang HY, Su WY et al. Wnt3 knockdown
sensitizes human non-small cell type lung cancer
(NSCLC) cells to cisplatin via regulating the cell pro-
liferation and apoptosis. Eur Rev Med Pharmacol Sci
2018;22:1323-32.

Oliveres H, Caglevic C, Passiglia F, Taverna S, Smits E,
Rolfo C. Vaccine and immune cell therapy in non-small
cell lung cancer. J Thorac Dis 2018;10:S1602-14.

Banos-Lara M, Zabaleta J, Garai J, Baddoo M, Guerrero-
Plata A. Comparative analysis of miRNA profile in hu-
man dendritic cells infected with respiratory syncytial
virus and human metapneumovirus. BMC Res Notes
2018;11:432.

JBUON 2019; 24(2): 598

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

coding miR 92a expression is implicated in the devel-
opment of lung cancer. Eur Rev Med Pharmacol Sci
2018;22:1028-34.

Su Y], Lin IC, Wang L, Lu CH, Huang YL, Kuo HC.
Next generation sequencing identifies miRNA-based
biomarker panel for lupus nephritis. Oncotarget
2018;9:27911-19.

Zhang L, Li Y, Liu W, Li H, Zhu Z. Analysis of the
complex interaction of CDRlas-miRNA-protein and
detection of its novel role in melanoma. Oncol Lett
2018;16:1219-25.

Bansal P, Kumar A, Chandna S, Arora M, Bansal R. Tar-
geting miRNA for Therapeutics Using a Micronome
Based Method for Identification of miRNA-mRNA Pairs
and Validation of Key Regulator miRNA. Methods Mol
Biol 2018;1823:185-95.

Zhang B, Pan X, Cobb GP, Anderson TA. microR-
NAs as oncogenes and tumor suppressors. Dev Biol
2007;302:1-12.

Slattery ML, Herrick JS, Mullany LE et al. The co-regu-
latory networks of tumor suppressor genes, oncogenes,
and miRNAs in colorectal cancer. Genes Chromosomes
Cancer 2017;56:769-87.

Huo Q. Analysis of expression profile of miRNA in
stomach adenocarcinoma. JBUON 2017;22:1154-9.

Tanaka T, Uchida H. Inhibition of Survivin by Adeno-
virus Vector Enhanced Paclitaxel-induced Apoptosis
in Breast Cancer Cells. Anticancer Res 2018;38:4281-8.

Rauch A, Carlstedt A, Emmerich C et al. Survivin antag-
onizes chemotherapy-induced cell death of colorectal
cancer cells. Oncotarget 2018;9:27835-50.

Xiu Y, Sun B, Jiang Y et al. Diagnostic Value of the
Survivin Autoantibody in Four Types of Malignancies.
Genet Test Mol Biomarkers 2018;22:384-9.

Cai WY, Zhuang Y, Yan F, Li T, Song WT, Sun JH. Ef-
fect of survivin downregulation by simvastatin on the
growth and invasion of salivary adenoid cystic carci-
noma. Mol Med Rep 2018;18:1939-46.

Zhang J, Wang S, Han F et al. MicroRNA-542-3p sup-
presses cellular proliferation of bladder cancer cells
through post-transcriptionally regulating survivin.
Gene 2016;579:146-52.

Li D, He S. MAGE3 and Survivin activated dendritic
cell immunotherapy for the treatment of non-small cell
lung cancer. Oncol Lett 2018;15:8777-83.

Wang H, Yang M, Xu J et al. Survivin mRNA-circulating
tumor cells are associated with prostate cancer metas-
tasis. Tumour Biol 2016;37:723-7.

Li D, Hu C, Li H. Survivin as a novel target protein for
reducing the proliferation of cancer cells. Biomed Rep
2018;8:399-4006.

Chawla D, Kar R, Gupta B et al. Role of Survivin and p53
Expression in Response of Primary Culture of Ovar-
ian Cancer Cells to Treatment With Chemotherapeutic
Agents. Int ] Gynecol Cancer 2018;28:1239-46.



