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This study was aimed to explore if lncRNA MALAT1 would
modify chemo-resistance of non-small cell lung cancer
(NSCLC) cells by regulating miR-197-3p and p120 catenin
(p120-ctn). Within this investigation, we totally recruited 326
lung cancer patients, and purchased 4 NSCLC cell lines of
A549, H1299, SPC-A-1 and H460. Moreover, cisplatin, adriamycin, gefitinib and paclitaxel were arranged as chemotherapies, and half maximal inhibitory concentration (IC50)
values were calculated to evaluate the chemo-resistance of
the cells. Furthermore, mice models of NSCLC were also established to assess the impacts of MALAT1, miR-197-3p and
p120-ctn on tumor growth. Our results indicated that
MALAT1 and miR-197-3p were both over-expressed within
NSCLC tissues and cells, when compared with normal tissues
and cells (P < 0.05). The A549, H460, SPC-A-1 and SPC-A-1
displayed maximum resistances to cisplatin (IC50 = 15.70
μg/ml), adriamycin (IC50 = 5.58 μg/ml), gefitinib (96.82
μmol/L) and paclitaxel (141.97 nmol/L). Over-expression of
MALAT1 and miR-197-3p, or under-expression of p120-ctn
were associated with promoted viability and growth of the
cancer cells (P < 0.05), and they could significantly strengthen
the chemo-resistance of cancer cells (P < 0.05). MALAT1 Wt
or p120-ctn Wt co-transfected with miR-197-3p mimic was
observed with significantly reduced luciferase activity within
NSCLC cells (P < 0.05). Finally, the NSCLC mice models were
observed with larger tumor size and weight under circumstances of over-expressed MALAT1 and miR-197-3p, or under-expressed p120-ctn (P < 0.05). In conclusion, MALAT1

could alter chemo-resistance of NSCLC cells by targeting miR197-3p and regulating p120-ctn expression, which might
assist in improvement of chemo-therapies for NSCLC.
Keywords: Animal model, Cell viability, Chemo-sensitivity,
LncRNA MALAT1, MiR-197-3p, non-small cell lung cancer,
P120-catenin

INTRODUCTION
Lung cancer is a common respiratory cancer, with a high
degree of malignancy (Miller et al., 2016). One of its subdivision, non-small cell lung cancer (NSCLC) (Petrelli et al.,
2009), occupied around 85% of all lung cancer cases, with
the 5-year survival rate of as low as 15% (Camps et al.,
2009). Considering that the clinical manifestations of earlystage NSCLC were mostly hidden and non-specific, the subjects have already reached the advanced stage of NSCLC
when being diagnosed. Hence, timely discovery of the
NSCLC onset was particularly vital. Besides, since the chemoresistance of tumor cells could greatly influence the curative
effect of NSCLC, a deep clarification of the etiology inherent
in NSCLC development and chemo-sensitivity also helped
immensely.
The lncRNAs, a type of non-coding RNAs with the length
of > 200 bp, have been documented to characterize tumorigenesis through epigenetic, transcriptional and post-
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transcriptional regulations (Wapinski and Chang, 2011;
Zhang et al., 2012). Among them, the metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1), also called as
nuclear enriched abundant transcript (NEAT2), was overexpressed within deteriorated neoplasms, including lung
cancer, melanoma, prostate cancer, breast cancer, colon
cancer and liver cancer (Fan et al., 2014; Schmidt et al.,
2011; Wang et al., 2014). Taking lung cancer for instance,
the MALAT1 expression within peripheral blood could be
deemed as a reliable criterion for judging the presence of
NSCLC, with features of minimal invasion and high specificity
(Weber et al., 2013). It was additionally held that MALAT1
might expedite the epithelial-mesenchymal transition (EMT)
process (Wu et al., 2018) and metastasis of lung cancer cell
lines (Chen et al., 2017; Shen et al., 2015). The abovementioned findings provided sound evidences for that
MALAT1 might heighten the resistance of neoplastic cells.
Nevertheless, quite finite chemotherapies and downstream
pathways were investigated relevant to MALAT1 and NSCLC.
As was documented before, lncRNAs could serve as the
competing endogenous RNA (ceRNA) to elevate or lower
the risk of disorders by modifying the biological function of
miRNAs (Cesana et al., 2011). The starbase database (Li et
al., 2014) was usually depended on to predict the sponging
miRNAs of MALAT1. One of the miRNAs was turned out as
miR-197, which was involved with the progression of human neoplasms and metabolic disorders, such as NSCLC,
diabetes mellitus type 2 and myocardial infarction (Dai et al.,
2014; Fiori et al., 2014; Hamada et al., 2013; Zampetaki et
al., 2010; 2012; Zheng et al., 2011; Zhou et al., 2014). For
instance, miR-197 was verified to facilitate exacerbation of
NSCLC through a p53-dependent approach to inhibit apoptosis of cancer cells (Fiori et al., 2014). Of note, this function
of miR-197 was hypothesized, to some extent, as a consequence of its mediating expression of tumor-repressive
genes [e.g. p120-catanin (p120-ctn)] (Du et al., 2009;
Hamada et al., 2013; Zheng et al., 2011). The p120-ctn
herein was capable of interacting with certain critical biomarkers of EMT process (e.g. E-cadherin), and it was also
responsible for intensifying the proliferative ability of lung
cancer cells (Jiang et al., 2012). Taken together, MALAT1,
miR-197 and p120-ctn were hypothesized to be interconnected in modifying development and even chemoresistance of NSCLC, although few investigations have been
performed with respect to this point.
Hence, this investigation was performed to testify the contribution of MALAT1, miR-197-3p and p120-ctn to NSCLC
progression. Meanwhile, whether they could modulate
chemo-sensitivity of NSCLC cells were also validated, which
might be conducive to perfecting the chemo-therapy for
NSCLC.

MATERIALS AND METHODS
Collection of NSCLC tissues
From September 2016 to August 2018, we gathered 326
pairs of NSCLC samples and para-carcinoma tissues from the
pathological department of the First Affiliated Hospital of
Xi’an Jiaotong University. The lung cancer tissues were histo-

logically grouped according to the lung cancer classification
criteria issued by World Health Organization (Travis, 2004),
and they were classified in line with TNM staging criteria of
lung cancer, which was formulated by International Union
th
against Cancer (UICC) (7 edition) (Goldstraw, 2011). No
patients have received radiotherapy or chemotherapy preoperatively, and all the participants were given standard
surgery post-operatively. The subjects all have signed informed consents, and this investigation was approved by the
First Affiliated Hospital of Xi’an Jiaotong University and the
ethics committee of the First Affiliated Hospital of Xi’an Jiaotong University.

Cell culture
Three NSCLC cell lines (i.e.A549, H1299, H460 and SPC-A1) and normal bronchial epithelial cell line (i.e. HBE) were
purchased from American Type Culture Collection (Manassas, USA), and another NSCLC cell line (i.e. SPC-A-1) was
taken from Shanghai Cell Bank of Chinese Academy of Sciences (China). The cells were cultured within high-glucose
DMEM complete medium (Hyclone, USA) that included
10% fetal bovine serum (FBS), 100U/ml penicillin and 100
Lg/ml streptomycin. Then we maintained the cells in 5%
CO2 and saturated humidity at 37℃. The culture solution
was changed daily, and cells were managed with secondary
culture at the ratio of 1:2 every 3 days.

Cell transfection
After being digested with 0.25% trypsin, the cells at the
logarithmic phase were inoculated into 6-well plates at the
5
density of 5 × 10 per well. Moreover, the primer sequences
for MALAT1-siRNAs (Genepharma, China) were specifically
designed as: 1) siRNA1: 5’-GAGGUGUAAAGGGAUUUAUTT3’ (upstream) and 5’-AUAAAUCCCUUUACACCUCTT-3’
(downstream); 2) siRNA2: 5’-GGCAUUUGCAUCUUUAAAU
TT-3’ (upstream) and 5’-AUUUAAAGAUGCAAAUGCCTT-3’
(downstream); and 3) siRNA3: 5’-CCCUCUAAAUAAGGAAU
AATT-3’ (upstream) and 5’-UUAUUCCUUAUUUAGAGGGTT3’ (downstream). The pcDNA-MALAT1, si-MALAT1 and NC
were provided by GenePharma (Shanghai, China). Besides,
miR-197-3p mimic (5’-CGGGUAGAGAGGGCAGUGGGAGG3’) (Dharmacon, USA) and miR-197-3p inhibitor (5’AAGUGGUGGAAGAGGUGGGUCG-3’) (Dharmacon, USA)
were designed for the mature endogenous miR-197, and
miR-NC (5’-CAGUACUUUUGUGUAGUACAA-3’) was also
provided by Dharmacon (USA). The transfection process was
initiated when cell fusion reached 60%-70%, and was conTM
ducted following the specification of Lipofectamine 2000
reagent (Invitrogen, USA).
As for the construction of p120-ctn siRNA, the DNA oligos
that respectively contained siRNA sequences for p120-ctn
were annealed. The primers for synthesizing siRNAs of p120ctn incorporated: A) 5’-GGATCACAGTCACCTTCTA-3’ (upstream) and 5’-TAGAAGGTGACTGTGATCC-3’ (downstream);
B) 5’-GCACTTGTATTACAGACAA-3’ (upstream) and 5’-TTGT
CTGTAATACAAGTGC-3’ (downstream); and C) 5’-GGATAA
CAAGATTGCCATA-3’ (upstream) and 5’-TATGGCAATCTTGT
TATCC-3’ (downstream). Subsequently, the pGCsi vectors
that were digested by BamHI and HindIII enzymes (GeneChem,
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China) were connected to them. The vectors were transduced into host bacteria (i.e. DH5α), and were sequenced by
virtue of TakaRa (Japan). After being transduced into lung
cancer cell lines with Lipofectamine2000 reagent (Invitrogen, USA), G148 (Invitrogen, USA) was applied to screen
positive cells for cloning. Western blot and RT-PCR were
then conducted to identify the transfection results, and the
mono-clones that were successfully transfected were continuously cultivated within RPMI 1640 medium.

Conduction of quantitative real time-polymerase chain
reaction (qRT-PCR)
We extracted total RNA from cultured cells and transplanted
tumor tissues using Trizol reagent (Invitrogen, USA). The
RNAs were reversely transcribed to cDNAs in accordance
with the manual of the reverse transcription kit provided by
TaKaRa (Japan). Subsequently, PCR reaction was carried out
following the guidance of SYBR Green PCR kit (Toyobo,
Japan), and was run on the PCR iCycler device (Bio-Rad,
USA). The particularized PCR conditions were : 1) predegeneration at 95℃ for 10 min; 2) 40 cycles of degeneration at 95℃ for 50s, annealing at 60℃ for 50s and extension
at 72℃ for 60s; and 3) final extension at 72℃ for 5 min.
Moreover, the relative expression of target genes were signi-ΔΔCt
fied through 2
method and the primer sequences were
listed in Table 1. GAPDH was set as the internal control for
MALAT1 and p120-ctn, whereas U6 was arranged the reference for miR-197-3p.

vimentin (1：1000, Abcam, USA), p120-ctn (1：1000, BD
Bioscience, USA) and GAPDH (1：1 000, Abcam, USA) were
added. After being left at -4℃ for overnight, the membrane
was washed with TBST for 3 times, and then the secondary
antibodies marked by goat-anti-mouse horseradish peroxidase (HRP) (1: 2000, Abcam, USA) were added for another
2-h incubation at 37℃. In order to develop images in the
dark room, the chemi-luminescence reagent was supplemented. The images of bands were collected utilizing ChemiDocXRS imaging system (Bio-Rad, USA), and were analyzed
using Quantity One 4.6.2 software.

Evaluation of chemo-resistance of NSCLC cells by MTT
assay
4

Cells at the density of 1 × 10 /ml (100 μl per well) were
seeded into the 96-well plates for overnight. The nutrient
solution with distinct concentrations of cisplatin, adriamycin,
gefitinib, paclitaxel were added into the plate (200 μl/cells)
for 24-h cultivation. Subsequently, 20 μl MTT (5 mg/ml) that
was prepared with pH-7.5 PBS was added into each well for
4-h incubation. Then the liquid waste was carefully removed,
and 150 μl DMSO was added into each well for 10-min
shaking at 60 r/min. After that, the optical values of each
well at the wavelength of 490 nm were measured by means
of enzyme-linked immune-metric meter. The inhibitory rate
of cells was calculated based on the formula of [1-treatment
groupOD490/control groupOD490] × 100%, and the half inhibition concentrations (IC50s) of the cells were also calculated
when different drugs were treated.

Implementation of western blotting
Total protein was extracted from the cultivated cells and
transplanted tumor tissues with application of RIPA lysis
buffer (Beyotime, China). After determining the concentration of proteins with BCA protein assay kit, the proteins were
supplemented with 5×SDS loading buffer (Beyotime, China)
that has been boiled for 10 min before being stored at -80℃.
Subsequently, 30 μg protein under each treatment was electrophoretically separated on the sodium dodecyl sulfatepolyacrylamide gel (SDS-PAGE) (Beyotime, China). The resultants were then transferred onto the polyvinylidene fluoride (PVDF) membrane following the semi-dry process. After
2-h blockage at room temperature with 5% skim milk, the
mouse-anti-human primary antibodies against E-cadherin (1:
1000, Abcam, USA), N-cadherin (1: 1 000, Abcam, USA),

Table 1. Primer sequences of for quantitative real-time PCR

CCK8 assay
Cells at the logarithmic growth phase were inoculated into
3
96-well plates at the density of 1 × 10 /well, and then they
were cultivated in 5％CO2 at 37℃ for overnight. Next, 10 μl
CCK8 solution (Takara, USA) was added to each well for 4-h
culture, and the absorbance value of each well was determined at the wavelength of 450 nm.

Colony formation assay
The cells after 24-h transfection were inoculated into 6-well
plates at the density of 500 per well. After 12-d culture in
5% CO2 and saturated humidity at 37℃, we terminated the
cultivation and discarded the medium. After washing the
cells with PBS for twice, 4% paraformaldehyde solution was
added for 15-min fixation at room temperature. Then the
stationary liquid was removed, and crystal violet solution was
added for 20-min staining. Finally, the 6-well plate was put
upside down, and a transparent film with grids was superimposed to count cell colonies by naked eye.

Gene

Sequence

MALAT1

F:5′-GCGCTATTATCCTAAGGTCA-3′

Cell apoptosis

R:5′-CTTGGCCAAGTCTGTTATGT-3′

Cells at the logarithmic phase were inoculated into 6-well
5
plates at the density of 5 × 10 /well. After 24-h cultivation,
cells were washed with pre-cooled phosphate buffer solution (PBS) for 2-3 times, and were re-suspended after addition of 100 μl buffer solution. According to the guidance of
Annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit (Beyotime, China), 10 μl FITC (50 mg/L) and 5 μl
propidium iodide (PI) (50 mg/L) were added to culture cells

GAPDH

F:5′-GGAGTCCACTGGCGTCTTCACCACC-3′
R:5′-GCAGGTCAGGTCCACCACTGACACG-3′

miR-197-3p F: 5′-AGTTGTTCACCACCTTCTCCAC-3′
R: 5′-TATCGTTGTACTCCAGTCCAAGTC-3′
U6

F: 5′-GTGCTCGCTTCGGCAGCACATATAC-3′
R: 5′-AAAAATATGGAACGCTCACGAATTTG-3′
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at room temperature for 15 min. Afterwards, 200 μl binding
buffer was supplemented, and the solution was loaded into
the flow cytometry (model: FACSCalibur, BD Biosciences,
Australia) after being set aside for 5 min.

Dual-luciferase reporter gene assay
The MALAT1 Wt was obtained by amplifying the MALAT1
fragments that included binding sites with miR-197-3p via
PCR, and MALAT1 Mut was constructed similarly other than
mutating the binding sites. Then cells at the logarithmic
phase were classified under treatments of pmirGLO-MALAT1
Wt+miR-197-3p mimic, pmirGLO-MALAT1 Wt+miR-NC,
pmirGLO-MALAT1 Mut+miR-197-3p mimic and pmirGLOMALAT1 Mut+miR-NC. In addition, p120-ctn Wt was gained
by amplifying the p120-ctn fragments that included binding
sites with miR-197-3p via PCR. The p120-ctn Mut was constructed analogous, except that the binding sites were mutated. This series of cells were categorized into pmirGLOp120-ctn Wt+miR-197-3p mimic group, pmirGLO-p120-ctn
Wt+miR-NC group, pmirGLO-p120-ctn Mut+miR-197-3p
mimic group and pmirGLO-p120-ctn Mut+miR-NC group.
After 24-h transfection, we measured the fluorescence intensity of each group in accordance with the procedures of
dual luciferase detection kit (Promega, USA).

Establishment of mice models
The BALB/C (nu-nu) nude mice aged at 4-5 weeks old and
weighing 15-19 g were purchased from the experimental
animal center of the First Affiliated Hospital of Xi’an Jiaotong
University. They were tested and reared within specificpathogen-free (SPF) circumstances that were featured by
constant temperature and humidity. The rule of 12-h circadian rhythm was abided by, and these nude mice were al-

A

C

B

lowed to eat and drink free. For another, we cultured NSCLC
cells through the conventional approach mentioned above,
and the concentration of viable cells was adjusted to 5 ×
6
6
10 /ml. Subsequently, the cell suspension (1 × 10 cells) was
inoculated into the subcutaneous area of right anterior axilla
within nude mice. Then the formation of the transplanted
tumors was observed, and tumors with diameter ≥ 0.5 cm
were regarded as neoplasia. At last, tumor tissues were cut
off, and their long diameter (a, mm), short diameter (b, mm)
3
and weight were measured. The volume (mm ) of the
transplantation tumor was calculated as per the formula of
2
πab /6.

Statistical analyses
We adopted the SPSS 17.0 software to conduct data analyses throughout the manuscript. The homoscedasticity test
was performed among groups, and all quantitative data
were expressed in the form of mean ± standard deviation
(SD). Comparisons between two groups were assessed utilizing SNK-q test, and analysis of variance (ANOVA) was
performed to evaluate the differences among ≥ 3 groups.
Moreover, the relationship between genetic expressions and
clinically pathological features was appraised by Chi-square
test. Also the Kaplan-Meier curve was established to determine the association of genetic expressions with overall survival post-operatively. It was considered statistically significant when P < 0.05.

RESULTS
Association of MALAT1 and miR-197-3p expressions with
baseline characteristics of NSCLC patients
Among the NSCLC patients enrolled, the expressions of

Fig. 1. Expressions of lncRNA MALAT1 and miR-1973p within lung cancer tissues. (A) MALAT1 and miR197-3p expressions were compared between lung
cancer tissues and adjacent normal tissues. *P <
0.05 when compared with adjacent normal tissues.
(B) MALAT1 and miR-197-3p expressions were
compared between lung cancer cell lines (i.e. A549,
H1299, H460 and SPC-A-1) and HBE. *P < 0.05
when compared with HBE. (C) Highly-expressed
MALAT1 and miR-197-3p were correlated with
poorer prognosis of lung cancer patients, when
compared with lowly-expressed MALAT1 and miR197-3p, respectively.
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Table 2. Linkage of lncRNA MALAT1 and miR-197-3p expression with clinical characteristics of non-small cell lung cancer patients.
Characteristics
N = 326

LncRNA MALAT1 expression

miR-197-3p expression

Low

High

P value

Low

High

P value

＞60

54

149

0.253

81

122

0.181

≤60

40

83

40

83

Male

66

161

79

148

Female

28

71

42

57

Yes

66

124

59

131

No

28

108

62

74

＞3 cm

60

197

85

172

≤3 cm

34

35

36

33

Age (years)

Gender
0.885

0.19

Smoking
0.005

0.007

Tumor size
<0.001

0.004

Histology grade
Poorly and unknown

14

63

Well and moderate

80

169

Adenocarcinoma

48

134

Squamous cell carcinoma

30

73

Others

16

25

III-IV

53

166

I-II

41

66

0.018

17

60

104

145

60

122

44

59

17

24

49

170

72

35

0.002

Histological type
0.270

0.217

TNM stage
0.008

<0.001

Lymph node metastasis
Yes

44

84

No

50

148

MALAT1 and miR-197-3p were apparently higher within
their NSCLC tissues than within corresponding normal tissues (P < 0.05) (Fig. 1A). Simultaneously, both MALAT1 and
miR-197-3p were expressed higher within A549, H1299,
H460 and SPC-A-1 cell lines than within HBE cell line (Fig.
1B). According to the expressional quantity of MALAT1 and
miR-197-3p, we divided these 326 NSCLC patients into
highly-expressed MALAT1 group (> median MALAT1 expression, n = 232) and lowly-expressed MALAT1 group (≤ median MALAT1 expression, n = 94). The same crowd was also
categorized into highly-expressed miR-197-3p group (> median miR-197-3p expression, n = 205) and lowly-expressed
miR-197-3p group (≤ median miR-197-3p expression, n =
121). It was derived that highly-expressed MALAT1 and miR197-3p were both positively correlated with larger tumor
size (> 3 cm), poor differentiation and advanced TNM stage
(III-IV) of NSCLC patients (P < 0.05), whereas hardly any association was found between the genetic expressions and
age, gender and histological type (P > 0.05) (Table 2).
Through application of Kaplan-Meier analysis, we found a
positive correlation between highly-expressed MALAT1 or
miR-197-3p and shorter overall survival of NSCLC patients,
with lowly-expressed MALAT1 or miR-197-3p, respectively,
as the reference (P <0.05) (Fig. 1C). Ultimately, abnormally
higher expression of MALAT1 or miR-197-3p, smoking larg274 Mol. Cells 2019; 42(3): 270-283

0.076

35

93

86

112

0.003

er tumor size (> 3 cm) and poor differentiation could be
regarded as potent candidates for predicting poor prognosis
of lung cancer patients (all P < 0.05) (Table 3).

Inhibitory effects of cisplatin, adriamycin, gemcitabine and
paclitaxel on the growth of NSCLC cell lines
According to the results of CCK8 technique (Fig. 2A), the
IC50 values of A549 (15.70 μg/ml), H1299 (9.17 μg/ml),
H460 (3.00 μg/ml) and SPC-A-1 (0.69 μg/ml) implied that
SPC-A-1 displayed the highest sensitivity to cisplatin (P <
0.05), with the tolerance of A549 to cisplatin standing on
the top (P < 0.05). The IC50 values of cells after treatments
with adriamycin were successively enlisted as: H460 (5.58
μg/ml) > H1299 (2.98 μg/ml) > SPC-A-1 (1.71 μg/ml) >
A549 (1.09 μg/ml), suggesting H460 and A549, respectively,
as most tolerant and sensitive cell lines to adriamycin (Fig.
2B). Furthermore, the tolerance of SPC-A-1 (IC50 = 96.82
μmol/L) to gefitinib was more evident than A549 (IC50 =
8.64 μmol/L), H1299 (IC50 = 35.73 μmol/L) and H460 (IC50
= 7.51 μmol/L) (Fig. 2C). Also SPC-A-1 (IC50 = 141.97
nmol/L) presented a tolerance to paclitaxel that was more
pronounced than any other cell line (Fig. 2D). Considering
the tolerance of H1299 and SPC-A-1 to 4 chemo-therapies
being at the forefront, they were chosen for follow-up experiments.
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Table 3. Impacts of MALAT1 expression, miR-197-3p expression and clinical characteristics on the survival rates of non-small cell lung
cancer patients
Characteristics

Univariate analysis

Multivariate analysis

Hazard Ratio

95% CI

P value

Hazard Ratio

95% CI

P value

5.21

3.09-8.77

<0.001

5.56

2.94-10.00

<0.001

3.32

2.02-5.46

<0.001

2.63

1.35-5.00

0.004

1.10

0.67-1.80

0.699

1.27

0.72-2.25

0.415

0.96

0.57-1.62

0.885

0.82

0.44-1.54

0.533

1.71

1.05-2.77

0.030

2.15

1.18-3.93

0.013

2.95

1.69-5.12

<0.001

2.02

1.05-3.90

0.036

3.92

1.86-8.23

<0.001

2.53

1.14-5.62

0.023

Adenocarcinoma vs. Others

0.82

0.48-1.41

0.473

0.69

0.36-1.29

0.241

Squamous cell carcinoma vs. Others

0.96

0.45-2.01

0.904

0.68

0.29-1.63

0.390

1.95

1.18-3.20

0.009

0.83

0.42-1.63

0.581

1.20

0.73-1.97

0.467

1.00

0.55-1.81

0.989

LncRNA MALAT1 expression
High vs. Low
miR-197-3p expression
High vs. Low
Age
＞60 vs. ≤60
Gender
Female vs. Male
Smoking
Yes vs. No
Tumor size
＞3 cm vs. ≤3 cm
Histology grade
Poorly and unknown vs. Well and moderate
Histological type

TNM stage
III-IV vs. I-II
Lymph node metastasis
Yes vs. No

A

B

C

D

Effects of MALAT1 and miR-197-3p on the
chemo-resistance of lung cancer cells
Among the three MALAT1-siRNAs, siRNA3 was indicated to
be associated with the highest interfering efficiency of up to
80% (Fig. 3A). Besides, the expressional level of MALAT1

Fig. 2. The lung cancer cells were compared
regarding their sensitivities to chemotherapies, including cisplatin (A), adriamycin
(B), gefitinib (C) and paclitaxel (D).

was raised to about 3.8 times of the original condition after
transfection of pcDNA-MALAT1 (P < 0.05). Meanwhile, after
transfection of miR-197-3p mimic, the expression quantity
of miR-197-3p was elevated to 6.1 times of the control
group (P < 0.05) (Fig. 3B). Nonetheless, cells transfected
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A

B

Fig. 3. Impacts of MALAT1 and miR-197-3p on the sensitivity of lung cancer cells to chemo-therapies. (A) The MALAT1 expression was
assessed after treatments with pcDNA-MALAT1 and si-MALAT1s, and miR-197-3p expression was determined after transfection of miR197-3p mimic and miR-197-3p inhibitor. *P < 0.05 when compared with NC. (B) The effects of MALAT1 and miR-197-3p on survival
rates of lung cancer cells were evaluated after treatments with cisplatin, adriamycin, gefitinib and paclitaxel. *P < 0.05 when compared
with NC. NC: negative control.

with miR-197-3p inhibitor possessed a miR-197-3p expression
that was merely a quarter of the control group (P < 0.05).
Furthermore, it was insinuated that transfection of
pcDNA-MALAT1 produced higher survival rate of H1299
and SPC-A-1 cell lines than NC group, even after treatments
of cisplatin, adriamycin, gefitinib and paclitaxel at their IC50
values (P < 0.05) (Fig. 3C). Conversely, silencing of MALAT1
degraded the viability of cells in comparison to NC group (P
< 0.05). What’s more, transfection of miR-197-3p inhibitor,
contrary to miR-197-3p mimic, could restrain cell growth to
a greater degree than transfection of miR-NC, when chemotherapies were given (P < 0.05).

Effects of MALAT1 and miR-197-3p on proliferation,
viability and apoptosis of NSCLC cells, as well as
expressions of EMT-specific proteins
In line with Figs. 4A and 4B, the viability and proliferation of
cells in the pcDNA-MALAT1 group and miR-197-3p mimic
group markedly exceeded that in the NC group (P < 0.05),
and suppression of MALAT1 or miR-197-3p expression
could suppress viability and proliferation of the cells (P <
0.05). Furthermore, pcDNA-MALAT1 group and miR-197-3p
mimic group were accompanied with over-expressed Ncadherin and vimentin, as well as under-expressed Ecadherin (P < 0.05) (Fig. 4C). By contrast, treatments of siMALAT1 and miR-197-3p inhibitor generated contrary results (P < 0.05). In addition, the apoptotic proportion of cells
that underwent transfection of si-MALAT1 or miR-197-3p
inhibitor was above that of cells in the NC group (P < 0.05)
(Fig. 4D). Following an opposite direction, cells of pcDNAMALAT1 group and miR-197-3p mimic group were observed
with obviously lower apoptosis than NC group (P < 0.05).
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MALAT1 was complementary to miR-197-3p in
certain sites
The fluorescent activity of lung cancer cells was held up after
co-transfection of miR-197-3p mimic and MALAT1-Wt,
when compared with the miR-NC+MALAT1-Wt group (P <
0.05) (Fig. 5A). Nevertheless, the fluorescence activity was
unaffected in the miR-197-3p mimic and MALAT1-Mut
group, which suggested a failed binding of MALAT1 to miR197-3p Wt (P < 0.05). Moreover, miR-197-3p expression
was up-regulated and down-regulated after respective
transfection of MALAT1-siRNA and pcDNA-MALAT1, when
compared with NC group (P < 0.05) (Fig. 5B). Nevertheless,
no significant distinctions of MALAT1 expression were present among miR-197-3p mimic group, miR-197-3p inhibitor
group and NC group (P > 0.05) (Fig. 5C).

P120-ctn mediated the contribution of MALAT1 and
miR-197-3p to the chemo-sensitivity of NSCLC cells
It was implied that over-expression of MALAT1 and miR197-3p could restrain expression of p120-ctn within NSCLC
cell strains (P < 0.05) (Fig. 5D). Moreover, through cotransfection of p120-ctn Wt or p120-ctn Mut together with
miR-197-3p mimic into NSCLC cells, we observed that an
obviously lower fluorescence of p120-ctn Wt+miR-197-3p
mimic group than p120-ctn Mut+miR-197-3p mimic group
(P < 0.05) (Fig. 5E). Taken together, p120-ctn might be a
downstream molecule targeted by miR-197-3p and its expression was modified by miR-197-3p.
Besides, the proliferation and viability of cells in the miRNC+si-p120-ctn group was suppressed prominently, when
compared with cells of miR-NC group and miR-197-3p mimic group (P < 0.05) (Figs. 6A and 6B). Meanwhile, the miR-
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B

C

D

Fig. 4. The viability (A), proliferation (B), expressions of EMT-specific proteins (C) and apoptosis (D) of lung cancer cells were examined
among pcDNA-MALAT1, si-MALAT1, miR-197-3p mimic, miR-197-3p inhibitor and NC groups. *P < 0.05 when compared with NC.
NC: negative control.
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Fig. 5. The correlations among MALAT1, miR-197-3p and p120-catenin within lung cancer cells. (A) MALAT1 targeted miR-197-3p in a
series of sites, and the luciferase activity of lung cancer cells were compared between miR-197-3p mimic+MALAT1 Wt group and miR197-3p mimic+MALAT1 Mut group. *P < 0.05 when compared with miR-NC+MALAT1 Wt group. (B) The miR-197-3p expression was
evaluated after transfection of pcDNA-MALAT1 and si-MALAT1. *P < 0.05 when compared with NC. (C) The MALAT1 expression was
assessed after transfection of miR-197-3p mimic and miR-197-3p inhibitor. *P < 0.05 when compared with NC. (D) The expression of
p120-catenin was assessed after transfection of NC, pcDNA-MALAT1, si-MALAT1, miR-197-3p mimic and miR-197-3p inhibitor. *P <
0.05 when compared with NC. (E) The p120-catenin was targeted by miR-197-3p in specific sites, and the luciferase activity of lung
cancer cells were compared between miR-197-3p mimic+ p120-catenin Wt group and miR-197-3p mimic+ p120-catenin Mut group.
*P < 0.05 when compared with miR-NC+p120-catenin Wt group. NC: negative control.
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Fig. 6. The viability (A), proliferation (B), expressions of EMT-specific proteins (C) and apoptosis (D) of lung cancer cells were examined
among miR-NC, miR-197-3p mimic and miR-NC+si-p120-catenin groups. *P < 0.05 when compared with miR-NC. NC: negative control.
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NC+si-p120-ctn group was also determined with higher Ecadherin expression, as well as lower N-cadherin and vimentin expression, than miR-NC group (P < 0.05) (Fig. 6C).
More than that, the apoptotic rate of miR-NC+si-p120-ctn
group was observably higher than that of miR-NC group and
miR-197-3p mimic group (P < 0.05) (Fig. 6D).

Regulatory effects of MALAT1, miR-197-3p and p120-ctn
on tumor growth in nude mice
We subcutaneously injected NSCLC strains featured by stably
over-expressed/under-expressed MALAT1, miR-197-3p or
p120-ctn into nude mice, so that neoplasms were formed
on nude mice. During the treatments, normal drinking and
eating were maintained for nude mice, and no death occurred. As was shown in Fig. 7A, nude mice injected with siMALAT1, miR-197-3p inhibitor or si-p120-ctn grew quite
smaller neoplasms than NC group (P < 0.05). The tumor size

A

B

and tumor weight of nude mice injected with si-MALAT1,
miR-197-3p inhibitor and si-p120-ctn were also below that
of NC group (P < 0.05) (Figs. 7B and 7C), while pcDNAMALAT1 and miR-197-3p mimic groups displayed apparently larger tumor size and tumor weight than NC group (P <
0.05).
Additionally, MALAT1 expression was up-regulated in the
pcDNA-MALAT1 group when compared with control group
(P < 0.05) (Fig. 7D). Also miR-197-3p and p120-ctn expressions were reduced obviously within tumors in the siMALAT1 group (P < 0.05), while the pcDNA-MALAT1 group
also was discovered with elevated miR-197-3p and p120-ctn
expressions (P < 0.05). Furthermore, p120-ctn expression
was promoted when miR-197-3p mimic was injected, and
miR-197-3p inhibitor group was observed with downregulated p120-ctn expression (P < 0.05).

C

D

Fig. 7. Effects of MALAT1, miR-197-3p and p120-catenin on tumor formation within mice models of lung cancer. (A) The tumors of
pcDNA MALAT1, si-MALAT1, miR-197-3p mimic, miR-197-3p inhibitor, si-p120-catenin and NC groups were illustrated. (B-C) The tumor size and tumor weight of mice models were compared among pcDNA MALAT1, si-MALAT1, miR-197-3p mimic, miR-197-3p inhibitor, si-p120-catenin and NC groups. *P < 0.05 when compared with NC. (D) Expressions of MALAT1, miR-197-3p and p120-catenin
were determined within tissues of mice models in the pcDNA MALAT1, si-MALAT1, miR-197-3p mimic, miR-197-3p inhibitor, si-p120catenin and NC groups. *P < 0.05 when compared with NC. NC: negative control.
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DISCUSSION
Currently, the chief control for NSCLC was implemented
through early-stage screening and removal of potential hazards. Nonetheless, the complicated and diversified etiologies
impeded the prevention and treatment for NSCLC. In consequence, further exploring the generation and progression of
NSCLC could be of profound meaning for clinically diagnosing and thereby treating NSCLC.
The MALAT1 investigated here was positioned within cell
nucleus, and it lacked full-length open reading frame, which
made itself unable to serve as a template for encoding proteins (Hutchinson et al., 2007; Wilusz et al., 2008). As a
non-coding RNA, the high expression of MALAT1 could be
deemed as a predictor for shortened survival of NSCLC patients in clinical practices (Ji et al., 2003), which was consistent with our investigation (Fig. 1). Moreover, knockdown
of MALAT1 was suspected to decelerate the formation of
tumors obviously within the established mice models (Liu et
al., 2016; Schmidt et al., 2011). The above-mentioned
strengthening effects of MALAT1 on tumor progression
could be ascribed to its 3’-end functional region of 69188441 nt (Xu et al., 2011). Based on this region, MALAT1
could function to improve the viability and proliferation of
lung cancer cells (Fig. 4). The particularized etiology might
be, to some degree, explained by its up-regulating expression of genes that were relevant to cell movement, including
AIM1, LAYN, SLC26A2, CCT4 and so on (Tano et al., 2010).
For another, MALAT1 also could interfere with the regular
expression of anti-apoptotic proteins (e.g. caspase-3, caspase-8 and Bax) (Guo et al., 2010; Wilusz et al., 2009), and
thereby inducing blockage of cell cycle (Lu et al., 2016). The
above-mentioned molecular mechanisms appeared wellfounded to account for the role of MALAT1 in decreasing
the chemo-sensitivity of cancer cells. Virtually, up-regulated
expression of MALAT-1 was formerly determined within
acute lymphoblastic leukemia cells that were tolerant to
vincristine (Akbari Moqadam et al., 2013) and cancer stem
cells that displayed resistance to cisplatin (Lopez-Ayllon et al.,
2014). Our investigation further elaborated that MALAT-1
could contribute to incremental resistance of lung cancer
cells to cisplatin, adriamycin, gefitinib and paclitaxel (Fig. 3),
which could be attributed to the accelerating effect of
MALAT1 on the viability and proliferation, also possibly the
EMT process of NSCLC cells (Shen et al., 2015).
In addition, miR-197-3p was designated as the sponged
molecule of MALAT1 within this study (Fig. 5), and it
seemed to mediate the impacts exerted by MALAT1 on
NSCLC progression (Fig. 4). Actually, miR-197 has been
documented as a significant player involved with the pathogenesis of gastric cancer (Li et al., 2011), pancreatic cancer
(Hamada et al., 2013) and follicular thyroid cancer (Hu et al.,
2011; Kannan and Atreya, 2010; Stokowy et al., 2014). Also
its expression was enormously raised within the plasma of
lung cancer patients (Zheng et al., 2011), which is similar to
the results drawn from our study (Fig. 1). This phenomenon
might be ascribed to that miR-197-3p tended to suppress
expression of cancer-resistant genes (e.g. FUS1) (Du et al.,
2009), which functioned through the mitochondria-

dependent approach and Apaf-1-relevant signaling to induce cell apoptosis (Ji and Roth, 2008). Another account
could be that miR-197 was able to drive the expression of
programmed cell death ligand-1 (PD-L1) by mediating
downstream CKS1B and STAT3 (Fujita et al., 2015). It might
be because of these vital parameters that miR-197 could
boost the chemo-resistance of NSCLC cells (Fig. 3), just as
what it did for attenuating the chemo-resistance of colorectal cancer cells (Zhou et al., 2010) and head and neck cancer
cells (Dai et al., 2011). Of course, the mechanism behind this
was conjectured as the result of MALAT1 targeting miR-197,
and the proliferative capacity and viability of NSCLC cells
were thus intensified.
More than that, the p120-ctn that was verified as the
downstream molecule of MALAT1 and miR-197-3p (Fig. 5)
was situated within cyto-membrane, inter-cellular junction
and cell nucleus (Cheung et al., 2010), which further explaining its significance in modifying inter-cellular adhesion
and thus the EMT process underlying tumorgenesis (Esser et
al., 1998; Grossmann et al., 2004). For instance, p120-ctn
could directly combine with JMD region of E-cadherin to
form a complex that mainly regulated cell adhesion (Davis et
al., 2003; Davis and Reynolds, 2006; Ireton et al., 2002).
Besides, p120-ctn also could connect to cellular microtube
and cytocentrium, whose stability was critical for depressing
cell growth (Chartier et al., 2007). Generally speaking, p120ctn mattered in modulating proliferation of cancer cells by
modulating inter-cellular adhesion and cell cycle, and it was
reasonable that p120-ctn could mediate the contribution of
MALAT1 and miR-197-3p to promoted progression and
chemo-resistance of NSCLC cells (Fig. 6). Above all, we certified the underlying role of MALAT1/miR-197-3p/p120-ctn
axis in regulating NSCLC etiology, which might introduce a
direction for ameliorating the prognosis of NSCLC patients
who were treated with chemo-drugs. Of note, the whole
study proved the contributions of MALAT1, miR-197-3p and
p120-ctn from both sides, specifically explained as upregulation and down-regulation of the biomarkers. Furthermore, the whole experiments were conducted for ≥ 3 times,
which effectively decreased experimental errors and guaranteed data reliability. Nonetheless, the type of drugs used was
limited, and radio-sensitivity failed to be explored, so more
investigations were in demand.
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