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Abstract. Metastasis‑associated‑lung‑adenocarcinoma-
transcript‑1 (MALAT1) is a long non‑coding RNA that is 
considered a potential tumor marker. The present study aimed 
to investigate the effect and mechanism of MALAT1 on cell 
proliferation and apoptosis in thymic cancer cells. IU‑TAB‑1, 
A549, HCT‑116 and 293T  cells were screened by reverse 
transcription‑quantitative PCR to assess high‑mobility group 
AT‑hook 2 (HMGA2) expression in various types of cancer 
cells and were transfected with small interfering (si)RNA 
targeting MALAT1 (si‑MALAT1). Cell proliferation was 
evaluated by Cell Counting Kit‑8 assay. Cell apoptosis and 
cell cycle were examined using flow cytometry. The protein 
expression of cyclin D1, cyclin E, Bax, Bcl‑2 and HMGA2 was 
determined by western blot analysis, while the associations 
between MALAT1 and microRNA (miR)‑145‑5p and between 
HMGA2 and miR‑145‑5p were determined by luciferase 
reporter assay. Among the four cell lines evaluated, IU‑TAB‑1 
showed the highest expression of MALAT1; thus, IU‑TAB‑1 
cells were selected for subsequent experiments. Compared 
with the findings in the control group, si‑MALAT1 signifi‑
cantly decreased the cell proliferation of IU‑TAB‑1 cells, 
whereas the apoptosis levels and number of cells in G2 phase 
were increased. The protein expression levels of cyclin D1, 
cyclin E, Bcl‑2 and HMGA2 were significantly decreased in 
the si‑MALAT1 group compared with those in the control 
group, while Bax levels were significantly increased. After 
treatment with si‑MALAT1 in combination with miR‑145‑5p 
mimics or inhibitors, cell proliferation and apoptosis were 
respectively enhanced and inhibited in IU‑TAB‑1 cells. 
miR‑145‑5p inhibited the luciferase activity of IU‑TAB‑1 cells 
transfected with the MALAT1 or HMGA2 3' untranslated 

region. In conclusion, si‑MALAT1 significantly attenuated 
cell proliferation and apoptosis via the miR‑145‑5p/HMGA2 
pathway in thymic cancer cells.

Introduction

Thymic cancer is a thymic epithelial tumor with strong meta‑
static characteristics, and 50‑65% of patients exhibit distant 
metastases when diagnosed (1). At present, surgical resection 
is the primary method for treating thymic cancer (2), but the 
application of surgical resection has limitations. Therefore, 
the identification of novel diagnostic markers and therapeutic 
targets is of great importance for the clinical treatment of 
thymic cancer.

Metastasis‑associated‑lung‑adenocarcinoma‑transcript‑1 
(MALAT1) is a long non‑coding RNA (lncRNA) that cannot 
be translated into protein in vitro (3). Previous studies have 
shown that MALAT1 is closely associated with various 
diseases, including lung cancer, renal cell carcinoma and 
esophageal squamous cell carcinoma (4‑6). MALAT1 can 
promote cervical cancer cell proliferation and migration, 
and can regulate the expression of genes associated with 
apoptosis (7). Han et al (8) reported that MALAT1 could 
promote cancer cell proliferation and migration by acti‑
vating the ERK/MAPK pathway. High expression levels 
of MALAT1 can be a marker of poor prognosis in patients 
with hepatocellular carcinoma (9). Therefore, MALAT1 is 
considered a potential tumor marker.

High‑mobility group AT‑hook 2 (HMGA2) belongs to the 
non‑histone chromosome high‑mobility group family, and is 
located on chromosome 12q 13‑15 (10). The human HMGA2 
gene consists of five exons and four introns  (10). HMGA2 
functions as a transcription factor by altering the structure 
of chromatin, and by interacting with DNA and target 
proteins (10). HMGA2 is usually highly expressed in numerous 
malignant tumors and is closely associated with increased 
invasiveness  (11‑15). Tan et al (unpublished data) showed 
that small interfering (si) RNA targeting HMGA2 attenuated 
epithelial‑mesenchymal transition (EMT) in thymic cancer 
cells via the Wnt/β‑catenin pathway. The present study inves‑
tigated the effects of inhibiting the expression of MALAT1 on 
the proliferation and apoptosis of thymic cancer cells. Further 
molecular experiments were performed to verify whether 
si‑MALAT1 exerted its effect by regulating the expression of 
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HMGA2. The present study may provide some insights into 
the treatment of thymic cancer.

Materials and methods

Cell culture and transfection. The thymic cancer cell line 
IU‑TAB‑1 was obtained from Applied Biological Materials, Inc. 
(cat. no. T8001), while 293T, A549 and HCT‑116 cells (used as 
controls) were provided by the Stem Cell Bank of the Chinese 
Academy of Sciences. Cells were cultured in RPMI‑1640 
medium (293T  cells) (cat.  no.  SH30022.01B; HyClone; 
Cytiva), Prigrow II medium (IU‑TAB‑1 cells) (cat. no. TM002; 
Abmgood), F‑12K medium (A549 cells) (cat. no. 21127‑022; 
Gibco; Thermo Fisher Scientific, Inc.) or McCoy's 5A medium 
(HCT‑116 cells) (cat. no. 16600‑082; Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(cat. no. 10270‑106; Gibco; Thermo Fisher Scientific, Inc.) in 
an atmosphere containing 5% CO2 and 95% atmospheric air 
at 37˚C for 24 h. The medium was replaced every 24 h and the 
cells were subcultured or cryopreserved when the cell density 
reached 70‑80%.

The sequence of the full‑length cDNA of MALAT1 
(accession no. NR_002819.4) was obtained from the NCBI 
database. IU‑TAB‑1 cells were transfected with MALAT1 
siRNA using Lipofectamine® 2000 reagent (cat. no. 13778030; 
Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. Briefly, 100 pmol siRNA and 
5  ml Lipofectamine®  RNAiMAX were added to 250  µl 
Opti‑MEM at 4˚C for 20 min, and then the mixture was added 
to the cell culture plates and incubated at 37˚C in a 5% CO2 
incubator for 48 h before subsequent experiments. The cells 
were divided into five groups: Control (untransfected cells), 
MALAT1‑siRNA1, MALAT1‑siRNA2, MALAT1‑siRNA3 
and non‑targeting negative control (NC). The transfection 
efficiency was determined by RT‑qPCR.

Cell Counting Kit‑8 (CCK‑8) assay. IU‑TAB‑1 cells were 
seeded in a 96‑well plate at 5x103 cells/ml using Prigrow II 
medium containing 10% fetal bovine serum. Cells from each 
group were treated for 48 h. To evaluate cell proliferation, 
10  µl CCK‑8 solution (cat.  no.  C1706; Bioswamp Wuhan 
Bienle Biotechnology Co., Ltd.) was added to each well, and 
the cells were cultured at 37˚C for 4 h. The optical density 
at 450 nm was measured using a plate reader (Multiskan FC; 
Thermo Fisher Scientific, Inc.).

Flow cytometry. IU‑TAB‑1 cells were cultured for 24 h and 
then harvested. Next, 1 ml pre‑cooled PBS was added before 
centrifuging the cells at 1,000 x g at 4˚C for 5 min. Next, 10 µl 
Annexin V‑FITC and 10 µl propidium iodide were added. The 
apoptotic rate and cell cycle were detected using flow cytom‑
etry (NovoCyte; Agilent Technologies, Inc.), and the data were 
analyzed with CytExpert software (Beckman Coulter, Inc.; 
version 2.0). One‑step fluorescence compensation strategy 
was used to eliminate any interference with the fluorescein 
isothiocyanate channel.

RT‑qPCR. The expression levels of HMGA2, MALAT1 and 
miR‑145‑5p in each cell line were detected by RT‑qPCR. 
Total RNA was extracted from 1x106 cells using TRIzol® 

reagent according to the manufacturer's protocol (Invitrogen; 
Thermo Fisher Scientific, Inc.). cDNA was synthesized using 
a reverse transcriptase kit (cat. no. 639505; Takara Bio, Inc.). 
qPCR was performed with a CFX Connect 96 Real‑Time 
PCR Detection System (Bio‑Rad Laboratories, Inc.) using 
SYBR Green PCR kit (cat. no. KM4101; Kapa Biosystems; 
Roche Diagnostics). Each reaction was conducted in duplicate 
using the following thermocycling conditions: Denaturation 
at 95˚C for 3 min, followed by 39 cycles of 95˚C for 5 sec, 56˚C 
for 10 sec and 72˚C for 25 sec; 65˚C for 5 sec and 95˚C for 
50 sec. The results were analyzed by the 2‑ΔΔCq method (16). 
GAPDH and U6 were used as the reference genes for mRNA 
and miRNA, respectively. The primers were designed and 
provided by Wuhan Tianyihuiyuan Biotechnology Co., Ltd., 
and their sequences are listed in Table I.

Western blotting. After treatment for 48 h, cells were washed 
with cold PBS and subjected to a lysis buffer (cat. no. 180006; 
Bioswamp Wuhan Bienle Biotechnology Co., Ltd.), and the 
proteins were quantified using the bicinchoninic acid assay kit 
(cat. no. 180007; Bioswamp Wuhan Bienle Biotechnology Co., 
Ltd.). Proteins (20 µg/lane) were separated via 12% SDS‑PAGE 
and were then transferred onto PVDF membranes. The 
membranes were blocked with a buffer containing 5% non‑fat 
milk in PBS with 0.05% Tween‑20 for 2 h at room temperature 
and then incubated with the following primary antibodies 
(all from Bioswamp Wuhan Bienle Biotechnology Co., Ltd.): 
Anti‑HMGA2 (1:1,000; cat. no. PAB40807), anti‑cyclin D1 
(1:1,000; cat.  no.  MAB37160), anti‑cyclin  E (1:1,000; 
cat. no. PAB36461), anti‑Bax (1:1,000; cat. no. MAB30681), 
anti‑Bcl‑2 (1:1,000; cat.  no.  PAB30041) and anti‑GAPDH 
(1:2,000; cat. no. PAB36264) overnight at 4˚C. After three 
washes with PBS with 10% Tween‑20, the membranes were 
incubated with horseradish peroxidase‑conjugated secondary 
goat anti‑rabbit IgG (1:20,000; cat. no. PAB160011; Bioswamp 
Wuhan Bienle Biotechnology Co., Ltd.) for 2 h at 4˚C. Protein 
bands were visualized by enhanced chemiluminescence detec‑
tion (Tanon‑5200; Tanon Science and Technology Co., Ltd.) 
and analyzed using Tanon GIS software (version 4.2; Tanon 
Science and Technology Co., Ltd.). GAPDH was used as a 
loading control for normalization.

Luciferase reporter assay. IU‑TAB‑1 cel ls were 
co-transfected with 50 nM miR‑145‑5p mimics or miR‑145‑5p 
inhibitor plus 200 ng MALAT1‑3'‑UTR or HMGA2‑3'‑UTR 
using Lipofectamine®  2000 (Invitrogen; Thermo  Fisher 
Scientific, Inc.) following the manufacturer's instructions. After 
48 h, the cells were lysed using the Dual‑Luciferase Reporter 
Assay System (Promega Corporation), and luciferase activity 
was measured using a GloMax20/20 Luminometer (Promega 
Corporation). Luciferase activity was normalized to the Renilla 
luciferase signal in IU‑TAB‑1 cells. The constructs were 
prepared as follows: MALAT1‑3'‑UTR sense strand, 5'‑CTA​
GCT​TGG​AGA​AGA​TAG​AAG​TTT​GAA​GTG​GAA​AAC​TGG​
AAG​ACA​GAA​GTA​CGG​GAA​GGC​GAA​GAA​AAG‑3' and 
antisense strand, 5'‑CTA​GAC​TTT​TCT​TCG​CCT​TCC​CGT​
ACT​TCT​GTC​TTC​CAG​TTT​TCC​ACT​TCA​AAC​TTC​TAT​CTT​CTC​CAA‑3'; 
HMGA2‑3'‑UTR sense strand, 5'‑CTA​GCA​AGA​CCC​AAA​
GGC​AGC​AAA​AAC​AAG​AGT​CCC​TCT​AAA​GCA​GCT​CAA​
AAG​AAA​GCA​GAA​GCC​ACT​G‑3' and antisense strand, 
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5'‑CTA​GAC​AGT​GGC​TTC​TGC​TTT​CTT​TTG​AGC​TGC​TTT​
AGA​GGG​ACT​CTT​GTA​TTT​TGC​TGC​CTT​TGG​GTC​TT‑3'.

Statistical analysis. All data are presented as the mean ± stan‑
dard deviation. Statistical analysis was performed using 
one‑way analysis of variance followed by Tukey's test for 
multiple comparisons using SPSS 19.0 software (IBM Corp.). 
All experiments were performed independently three times. 
All figures were prepared using GraphPad Prism 5.0 software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

HMGA2, MALAT1 and miR‑145‑5p expression in IU‑TAB‑1, 
A549, HCT‑116 and 293T cells. 293T cells are a normal 
human renal epithelial cell line, which is often used as a 
control group for detecting tumor cytokine expression. As 
shown in Fig. 1, compared with 293T cells, mRNA expres‑
sion of HMGA2 and MALAT1 was significantly increased 
in IU‑TAB‑1, A549 and HCT‑116 cells (P<0.05), while 
the expression of miR‑145‑5p was significantly decreased 
(P<0.05). Among all the cell lines evaluated, IU‑TAB‑1 cells 
showed the largest fold change in HMGA2 and MALAT1 
expression, as well as a significant change in miR‑145‑5p 
expression. Therefore, IU‑TAB‑1 cells were selected for 
subsequent experiments.

Inhibition of MALAT1 expression. The mRNA expres‑
sion levels of MALAT1 in the control, MALAT1‑siRNA1, 
MALAT1‑siRNA2, MALAT1‑siRNA3 and NC  groups 
confirmed MALAT1 silencing following siRNA transfection 
(Fig. 2). The results revealed that all three MALAT1 siRNA 
molecules significantly downregulated the expression of 
MALAT1 compared with that of control and NC IU‑TAB‑1 
cells (P<0.05). MALAT1‑siRNA2 resulted in the lowest 
MALAT1 expression levels among the three siRNA reagents 
used and was thus used to silence MALAT1 in subsequent 
experiments.

si‑MALAT1 attenuates cell proliferation and promotes apop‑
tosis in IU‑TAB‑1 cells. To examine the effect of MALAT1 
on cell proliferation, a CCK‑8 assay was performed (Fig. 3A). 
Transfection with si‑MALAT1 significantly suppressed cell 
proliferation of IU‑TAB‑1 cells compared with the control and NC 
(P<0.05). Flow cytometry revealed that si‑HMGA2 significantly 
increased the apoptotic rate of IU‑TAB‑1 cells compared with 
that of control and NC cells (P<0.05; Fig. 3B), and significantly 
decreased the number of cells in G1 phase while increasing the 
number of cells in G2 phase (P<0.05; Fig. 3C). Next, the expres‑
sion of cell cycle and apoptosis‑related proteins was examined 
(Fig. 3D). The protein expression of cyclin D1, cyclin E, Bcl‑2 
and HMGA2 significantly decreased, whereas that of Bax signif‑
icantly increased (P<0.05 in all cases) compared with the control 
and NC groups, indicating that MALAT1 silencing promoted 
apoptosis and inhibited cell cycle progression in IU‑TAB‑1 cells.

Table I. Primer sequences.

Primer	 Sequence (5'‑3')

HMGA2‑F	 TTCAGCCCAGGGACAA
HMGA2‑R	 CCAGGCAAGGCAACAT
MALAT1‑F	 TAACCAGGCATAACAC
MALAT1‑R	 CGAAGACACAGAGACC
miR‑145‑5p‑F	 GGGGTCCAGTTTTCCCAG
miR‑145‑5p‑R	 AACTGGTGTCGTGGAGTCGGC
U6‑F	 CTCGCTTCGGCAGCACA
U6‑R	 AACGCTTCACGAATTTGCGT
GAPDH‑F	 CCACTCCTCCACCTTTG 
GAPDH‑R 	 CACCACCCTGTTGCTGT

MALAT1, metastasis‑associated‑lung‑adenocarcinoma‑transcript‑1; 
HMGA2, high‑mobility group AT‑hook  2; F, forward; R, reverse; 
miR, microRNA.

Figure 1. HMGA2, MALAT1 and miR‑145‑5p expression was determined 
by reverse transcription‑quantitative PCR in A549, HCT‑116, IU‑TAB‑1 
and 293T cells. Compared with 293T cells, mRNA expression of HMGA2 
and MALAT1 was significantly increased in IU‑TAB‑1, A549 and HCT‑116 
cells, while the expression of miR‑145‑5p was significantly decreased. 
*P<0.05 vs. 293T (n=3). HMGA2, high mobility group AT‑hook 2; MALAT1, 
metastasis‑associated‑lung‑adenocarcinoma‑transcript‑1; miR, microRNA.

Figure 2. MALAT1 mRNA is repressed in IU‑TAB‑1 cells. All three 
MALAT1 siRNA molecules significantly downregulated the expression of 
MALAT1 compared with the control and NC groups. *P<0.05 vs. control 
(n=3). MALAT1, metastasis‑associated‑lung‑adenocarcinoma‑transcript‑1; 
siRNA, small interfering RNA.
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Association between MALAT1 and miR‑145‑5p, and between 
HMGA2 and miR‑145‑5p. The transfection efficiency of 
miR‑145‑5p mimics and inhibitor was first examined (Fig. 4A). 
Compared with that of the control and NC groups, the expres‑
sion of miR‑145‑5p in the miR‑145‑5p mimics group increased 
significantly (P<0.05), while it decreased significantly in the 
miR‑145‑5p inhibitor group (P<0.05), suggesting that the trans‑
fections of miR‑145‑5p mimics and inhibitor were successful. 
To study the association between miR‑145‑5p and MALAT1, 
a dual‑luciferase reporter assay was conducted. The luciferase 
reporter vector pmirGLO‑MALAT1 3'‑UTR was co‑trans‑
fected with miR‑145‑5p mimics or inhibitor. The results shown 
in Fig. 4B indicate that, compared with the control group, the 
relative luciferase activity of other groups did not change signifi‑
cantly (P>0.05), except for the pmirGO‑MALAT1+miR‑145‑5p 
mimics group (P<0.05), suggesting that miR‑145‑5p specifi‑
cally binds to MALAT1. Next, the expression of miR‑145‑5p 
was evaluated, and the results showed that si‑MALAT1 could 
significantly increase the expression of miR‑145‑5p (P<0.05) 
(Fig. 4C). To study the effect of miR‑145‑5p on the biological 
characteristics of IU‑TAB‑1 cells, miR‑145‑5p inhibitor and 
miR‑145‑5p mimics and si‑MALAT1 were used. As shown in 
Fig. 4D and E, compared with that of the control group, the 
cell proliferation rate of the miR‑145‑5p inhibitor group was 

significantly increased and the apoptosis rate was decreased 
(P<0.05), while the proliferation rate of the miR‑145‑5p 
mimics group was significantly decreased and the apop‑
tosis rate was significantly increased (P<0.05). Compared 
with the control group, the proliferation rate in miR‑145‑5p 
mimics  +  si‑MALAT1 group was significantly decreased 
(P<0.05), while this group exhibited the highest apoptosis rate 
(Fig. 4D and E), indicating that there may be a synergistic effect 
between si‑MALAT1 and miR‑145‑5p mimics. Compared with 
the control, the number of cells in G1 phase in the miR‑145‑5p 
inhibitor group was significantly increased (P<0.05) and in 
the miR‑145‑5p inhibitor + si‑MALAT1 group it was signifi‑
cantly decreased (P<0.05), the number of cells in G2 phase in 
the miR‑145‑5p inhibitor group was significantly decreased 
(P<0.05) and in the miR‑145‑5p inhibitor + si‑MALAT1 group 
it was significantly increased (P<0.05), while the miR‑145‑5p 
mimics and miR‑145‑5p mimics +  si‑MALAT1 group had 
the opposite effects (Fig. 4F). As shown in Fig. 4G, compared 
with the control, the expression levels of Cyclin D1, Cyclin E, 
Bcl‑2 and HMGA2 in the miR‑145‑5p inhibitor group were 
significantly increased (P<0.05), and in the miR‑145‑5p inhib‑
itor + si‑MALAT1 group they were significantly decreased 
(P<0.05), while Bax expression in the miR‑145‑5p inhibitor group 
was significantly decreased (P<0.05) and in the miR‑145‑5p 

Figure 3. Effect of si‑MALAT1 on cell proliferation and apoptosis in IU‑TAB‑1 cells. (A) si‑MALAT1 inhibited the cell proliferation of IU‑TAB‑1 cells. (B) Cell 
apoptosis and (C) cell cycle progression were analysed by flow cytometry. *P<0.05 cells in G1 phase vs. Control (n=3); #P<0.05 cells in G2 phase vs. Control 
(n=3). (D) Cell cycle and apoptosis‑related proteins were detected by western blotting. Compared with the control and NC groups, si‑MALAT1 significantly 
suppressed cell proliferation, the number of cells in G1 phase and the expression of cyclin D1, cyclin E, Bcl‑2 and HMGA2, while it increased the apoptotic 
rate, the number of cells in G2 phase and the expression of Bax. *P<0.05 vs. control (n=3). MALAT1, metastasis‑associated‑lung‑adenocarcinoma‑transcript‑1; 
HMGA2, high mobility group AT‑hook 2; NC, negative control; si, small interfering; FITC, flurorescein isothiocyanate; PE, phycoerythrin.



ONCOLOGY LETTERS  22:  585,  2021 5

inhibitor + si‑MALAT1 group they were significantly increased 
(P<0.05). On the other hand, Cyclin D1, Cyclin E, Bcl‑2 and 
HMGA2 expression in the miR‑145‑5p mimics group and 
miR‑145‑5p mimics + si‑MALAT1 group was significantly 
decreased compared with the control, while Bax expression 
was significantly increased (P<0.05; Fig. 4G). The association 
between HMGA2 and miR‑145‑5p was examined. As shown in 
Fig. 4H, compared with the control group, the relative luciferase 
activity of other groups did not change significantly (P>0.05), 

except for the pmirGLO‑HMGA2+miR‑145‑5p mimics group 
(P<0.05), suggesting that there was specific binding between 
HMGA2 and miR‑145‑5p.

Discussion

The occurrence and development of malignant tumors are 
associated with cell proliferation, apoptosis, invasion and 
metastasis. Abnormal lncRNA expression can change the 

Figure 4. Association between MALAT1 and miR‑145‑5p, and between HMGA2 and miR‑145‑5p. (A) Transfection efficiency of miR‑145‑5p mimics/inhibitors, 
as evaluated by RT‑qPCR. (B) The association between MALAT1 and miR‑145‑5p was analyzed by luciferase reporter assay. (C) miR‑145‑5p expression was 
determined by RT‑qPCR. Effect of miR‑145‑5p on IU‑TAB‑1 (D) cell proliferation, as well as (E) apoptosis and (F) cell cycle. *P<0.05 cells in G1 phase vs. 
Control (n=3); #P<0.05 cells in G2 phase vs. Control (n=3). (G) Expression of apoptosis‑related proteins were detected by western blotting. (H) Association 
between HMGA2 and miR‑145‑5p was detected by luciferase reporter assay. *P<0.05 vs. Control (n=3). MALAT1, metastasis‑associated‑lung‑adenocarci‑
noma‑transcript‑1; HMGA2, high mobility group AT‑hook 2; NC, negative control; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; 
si, small interfering.
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above biological processes, and plays a key role in tumori‑
genesis and development (17). MALAT1 is an 8.7‑kb gene 
located on human chromosome 11q13, which is controlled 
by multiple promoters. It is widely distributed in mammalian 
normal tissues and abnormally expressed in multiple malig‑
nant tumors, affecting tumor proliferation, apoptosis, invasion, 
metastasis and drug resistance  (3). Whether MALAT1 is 
overexpressed in thymic cancer has not yet been determined. 
IU‑TAB‑1, A549 and HCT‑116 are common types of tumor 
cells. Studies  (11‑15) have shown that MALAT1 is highly 
expressed in a variety of malignant tumors, such as lung, colon 
and ovarian cancer, and its enhanced expression is closely 
associated with enhanced tumor aggressiveness and disease 
prognosis. Therefore, the present study hypothesized that 
the occurrence and development of thymic cancer may also 
be associated with abnormally high MALAT1 expression. 
The present study detected the expression of MALAT1 in 
the thymic cancer cell line IU‑TAB‑1, and it used non‑small 
cell lung cancer A549, human colon cancer HCT‑116 and 
293T cells as controls. Our results showed that the expression 
of MALAT1 was the highest in IU‑TAB‑1 cells, suggesting 
that MALAT1 is highly expressed in thymic cancer.

MALAT1 acts as a competitive endogenous messenger 
RNA (18). Liu et al (19) found that MALAT1 can inhibit the 
expression of the target gene growth factor receptor‑bound 
protein 2 in cervical cancer cells by competitively binding 
to miR‑124, thereby inhibiting the growth and invasion 
of cervical cancer cells, and increasing their apoptosis. 
MALAT1 knockout inhibits the migration and invasion of 
gallbladder cancer cells, and increases their apoptosis (20). 
Yang et al  (21) reported that MALAT1 also has a role in 
regulating the cell cycle. MALAT1 is expressed at high 
levels in cell nuclei. At the G2/M phase, MALAT1 is local‑
ized in the cytoplasm, where interacts with a large number of 
nuclear factors and heterogeneous nuclear ribonucleoprotein 
(hnRNP) C protein (22). Downregulating the expression of 
MALAT1 causes cytoplasmic ectopic hnRNP C expression 
in G2/M phase, which, in turn, causes G2/M phase arrest (23). 
To investigate whether MALAT1 has a similar effect on the 
proliferation and apoptosis of thymic cancer cells, CCK‑8 
assay and flow cytometry were used to detect cell proliferation 
and apoptosis rates in the present study. The results showed 
that inhibiting the expression of MALAT1 can significantly 
reduce the proliferation of thymic cancer cells and promote 
their apoptosis. The cell cycle results showed that, after 
the inhibition of MALAT1, the cell cycle of thymic cancer 
cells was mainly blocked in the G2 phase, which is consis‑
tent with the results observed in other types of tumor, such 
as pancreatic cancer, liver cancer and squamous cell carci‑
noma (23‑25). To verify this finding, the expression levels of 
cell cycle‑ and apoptosis‑related proteins were detected, and 
the results supported the above conclusions, suggesting that 
si‑MALAT1 can inhibit the proliferation of thymic cancer 
cells and promote their apoptosis.

miRNA is a type of non‑coding RNA that is widely 
involved in cell growth, differentiation, proliferation and 
apoptosis (26). miR‑145‑5p, as a tumor suppressor miRNA, 
is downregulated in colorectal cancer, and inhibits the 
proliferation, invasion and migration of colorectal cancer 
cells. miR‑145‑5p also plays a suppressive role in lung (27), 

breast (28), cervical (29) and prostate cancer (30). In the present 
study, the expression of miR‑145‑5p in thymic cancer cells was 
significantly lower than that in 293T cells. After promoting 
the expression of miR‑145‑5p, the proliferation rate of thymic 
cancer cells was significantly decreased, and the apoptosis 
rate was significantly increased. Luciferase reporter assay 
revealed that MALAT1 specifically binds to miR‑145‑5p, and 
the miR‑145‑5p mimics + si‑MALAT1 group had the highest 
apoptosis rate and lowest cell proliferation rate, indicating 
that there may be a synergistic effect between si‑MALAT1 
and miR‑145‑5p mimics. si‑MALAT1 plays a role in inhib‑
iting proliferation and promoting apoptosis by enhancing the 
expression of miR‑145‑5p. The present study also confirmed 
that HMGA2 could specifically bind to miR‑145‑5p, that 
HMGA2 was highly expressed in IU‑TAB‑1 cells and that 
the expression of HMGA2 was significantly reduced after 
promoting the expression of miR‑145‑5p. The apoptosis rate 
in thymic cancer cells was increased, while the cell prolif‑
eration rate was decreased, suggesting that miR‑145‑5p can 
inhibit the expression of HMGA2. Sun et al (31) determined 
via microarray analysis that MALAT1 can regulate EMT by 
regulating Snail, and knocking down MALAT1 can upregu‑
late the expression of E‑cadherin and zona occludens‑1, and 
reduce the activity of β‑catenin and vimentin. Xu et al (32) 
found that the EMT of breast cancer cells was reduced after 
inhibiting MALAT1 activity. Tan et al (unpublished data) 
confirmed that inhibition of HMGA2 activity can inhibit 
the EMT of thymic cancer cells. Therefore, it was hypoth‑
esized that si‑MALAT1 can inhibit the activity of HMGA2 
by promoting the expression of miR‑145‑5p, thus, inhibiting 
the EMT of thymic cancer cells. To confirm this hypothesis, 
further studies are required. The present study did not use 
clinical tissues, which limits the clinical significance of the 
study and is one of its limitations. However, the main aim 
of the present study was to evaluate the effect of MALAT1 
on the proliferation and apoptosis of thymic cancer cells. 
In future studies, the effect of MALAT1 should be further 
examined using in vivo experiments. Rong et al (33) observed 
that MALAT1‑knockdown repressed NSCLC tumorigenicity 
by inhibiting cell proliferation and invasion, and promoting 
apoptosis via regulating miR‑515‑5p/EEF2. Although the 
types of tumor cells investigated in the present study were not 
consistent with the aforementioned study, the current results 
confirmed those of the study by Rong et al (33). The present 
study focused on thymic cancer, which is rarer in clinical 
practice, and the current results may therefore have a high 
clinical value and may provide a possible molecular‑targeted 
therapy for patients with thymic cancer.

In conclusion, si‑MALAT1 inhibits the proliferation and 
apoptosis of IU‑TAB‑1 cells, and its mechanism may involve 
promoting the expression of miR‑145‑5p and inhibiting that of 
HMGA2.
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