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Purpose: Our study aimed to investigate the relationship between MALAT-1 (metastasis- 
associated lung adenocarcinoma transcript 1) expression and the chemotherapy drug resis-
tance in osteosarcoma.
Methods: The U-2OS osteosarcoma cell line was selected for the experiment. The cells 
were treated with methotrexate, doxorubicin, cisplatin, and ifosfamide, respectively. RT-PCR 
was applied to detect the MALAT-1 expression in cells. The doxorubicin-resistant cell line 
was constructed. The cells were divided into doxorubicin-sensitivity group (DS/shCtrl), 
doxorubicin-resistance group (DR/shCtrl) and shMALAT1-doxorubicin-resistance group 
(DR/shMALAT1). The colony formation assay and 5-ethynyl-2ʹ-deoxyuridine (EdU) assay 
were used to detect cell proliferation. PI staining was used to detect the cell cycle. Transwell 
assay and wound healing assay were used to observe the migration and invasion ability. 
Annexin V-FITC assay was used to detect cell apoptosis. Western blot was used to detect the 
protein expression and potential mechanism. The impacts of MALAT-1 expression were 
verified in vivo.
Results: The MALAT-1 was upregulated in the doxorubicin-resistant U-2OS osteosarcoma 
cells. Downregulating MALAT-1 in the doxorubicin-resistant cells inhibited the proliferation, 
migration, and invasiveness, increased the ratio of cells in the G0/G1 phase, promoted 
apoptosis. In the doxorubicin-resistant U-2OS cells, the extracellular regulated protein 
kinases (ERK) phosphorylation was declined, which could be reversed by downregulating 
MALAT-1. In vivo assay indicated that the growth of doxorubicin-resistant solid osteosar-
coma could be suppressed by downregulating MALAT-1.
Conclusion: Our study provides evidence that doxorubicin may upregulate MALAT-1 in 
osteosarcoma. Downregulating MALAT-1 in the doxorubicin resistance U-2OS cells could 
reverse the resistance and may improve chemotherapeutic efficiency. Some conclusions in 
previous literature may be one-sided.
Keywords: osteosarcoma, doxorubicin, long noncoding RNA, MALAT-1, chemotherapy 
resistance, extracellular regulated protein kinases

Introduction
Osteosarcoma is the most common primary malignant tumor of bone in children and 
young adults.1 It is highly aggressive and prone to local recurrence and early lung 
metastasis, resulting in high mortality and disability. The current treatment for osteo-
sarcoma is surgery combined with perioperative chemotherapy. Neoadjuvant che-
motherapy is a leap in the osteosarcoma treatment, which has increased the 5-year 
survival rate to 60–75% in patients without distant metastases at diagnosis2 and 
enabled more than 80% limb-salvage rate for extremity osteosarcoma patients.2,3 

However, in osteosarcoma patients with recurrence or metastasis, it remains 
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disappointed that the 5-year event-free survival is approxi-
mately 20%, which has not improved in more than 25 years 
despite aggressive surgical resection and intensive systemic 
chemotherapy.1,4 Chemotherapy resistance is another issue, 
which reduces the chemotherapeutic efficiency and leads to 
a poor prognosis.

Molecular targeted therapy and gene immunotherapy 
may be the hot spots for osteosarcoma therapy. Recently, 
the role of long noncoding RNAs (lncRNAs) in tumorigen-
esis and tumor progression has been widely concerned. 
Despite a lack of protein-coding capacity, lncRNAs regulate 
gene expression at multiple levels and plenty of them play 
notable roles in regulating cancer biology.5,6 LncRNA 
MALAT-1 (Metastasis-associated Lung Adenocarcinoma 
Transcript 1) is originally identified as an overexpressed 
transcript in early-stage metastasizing non-small cell lung 
cancer.7 Previous studies revealed that MALAT-1 is over-
expressed in osteosarcoma specimens and is closely related 
to the prognosis.8–11 Downregulating MALAT-1 expression 
can significantly delay the growth, reduce the invasion and 
migration, inhibit metastasis in osteosarcoma cells.9–13 

Several studies also found that MALAT-1 is associated 
with chemotherapy resistance in some malignant tumors, 
such as cervical cancer,14 hepatocellular carcinoma,15 large 
B-cell lymphoma,16 and colorectal cancer.17

However, the correlations between MALAT-1 and 
chemotherapy resistance in osteosarcoma are still 
unknown. Explore the inner relationship may be helpful 
to improve the chemotherapeutic efficiency. The U-2OS 
cell line was selected in our study, as it is widely used in 
osteosarcoma researches and has been confirmed to have 
relatively higher MALAT-1 expression among several 
osteosarcoma cell lines.11,18 In our study, we initially 
explored the effects of four commonly used chemother-
apeutic drugs on MALAT-1 expression in the U-2OS 
cells. Then, we further explored the correlations between 
MALAT-1 expression and doxorubicin resistance in vitro 
and in vivo. To our knowledge, this might be the first 
research on the correlation between MALAT-1 and 
osteosarcoma chemotherapy resistance, and it may reveal 
some one-sided conclusions in previous literature.

Materials and Methods
Cell Culture
The human U-2OS osteosarcoma cell line was purchased 
from Immocell Biotechnology Co., Ltd (Xiamen, China). 
The chemotherapeutic drugs were purchased from Yunhao 

Biological Technology Co., Ltd (Fuzhou, China). All the 
cells were maintained in a DMEM medium containing 
10% Fetal Bovine Serum (Gemini-Bio, CA, USA). To 
explore the effects of chemotherapeutic drugs on 
MALAT-1 expression, the cells were seeded on a 96-well 
plate, treated with a progressively higher concentration of 
different drugs (methotrexate, doxorubicin, ifosfamide, 
and cisplatin) respectively, then cultured in a 37°C incu-
bator with 5% CO2 for 24 and 48 hours.

Construction of Doxorubicin-Resistant 
Cells
U-2OS osteosarcoma cells were collected in the logarithmic 
growth phase and seeded in culture flasks. The doxorubicin 
at 0.03μmol/L was used initially to induce the drug resis-
tance when the cells were 70% to 80% confluent. After being 
cultured for 24 hours, cells were cleaned twice by PBS and 
cultured in a complete culture medium without doxorubicin. 
When the cells fully recovered, the doxorubicin was added 
again at 0.04μmol/L. According to the above-mentioned 
method, the concentration of doxorubicin was increased by 
0.01μmol/L each time until the cells could grow stably for 
one week at a drug concentration of 2μmol/L.

Real-Time Polymerase Chain Reaction 
(RT-PCR)
RNA Isolater Total RNA Extraction Reagent (Vazyme 
Biotech Co., Ltd, Nanjing, China) was used to extract 
RNA. Subsequently, RNA was reverse transcribed into 
cDNA using HiScript II Q RT SuperMix for qPCR kit 
(Vazyme Biotech Co., Ltd, Nanjing, China) according to 
the manufacturer’s protocol. RT-PCR was then performed 
to detect the expression of MALAT-1. 18s RNA gene was 
used as the internal reference gene. The primers used were 
as follows: MALAT-1: forward: 5ʹ-GACGGAG 
GTTGAGATGAAGC-3ʹ and reverse: 5ʹ-ATTCGGG 
GCTCTGTAGTCCT-3ʹ. 18s: forward: 5ʹ- CGACGAC 
CCATTCGAACGTCT −3ʹ and reverse: 5ʹ- CTCTCCGG 
AATCGAACCCTGA-3ʹ. The 2−∆∆Ct method was 
employed to analyze the results.

Knockdown of MALAT-1 in 
Drug-Resistant U-2OS Osteosarcoma 
Cells
The selected drug-resistant cells were inoculated into 
a 6-well plate at a concentration of 2×105 cells/well 
the day before transfection. The MALAT-1 shRNA and 
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negative control (NC) were synthesized by Hippo 
Biotechnology Co., Ltd (Huzhou, China). When cells 
reached 40–60% confluence, the plasmid containing 
MALAT-1 shRNA or NC were transfected using 
Lipofectamine™2000 transfection reagent (Invitrogen, CA, 
USA) following the protocol recommended by the manufac-
turer. Their sequences are shown in Table 1. Cells were 
collected 48 hours after transfection for further analysis.

Colony Formation Assay
The cells were inoculated into a 6-well plate at a density of 
2×103 cells per well and cultured in a 37°C incubator with 
5% CO2. When visible clones appeared, the cells were 
fixed with 4% paraformaldehyde for 15 minutes and then 
stained with 0.01% crystal violet for 30 minutes. The 
colony number was counted.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
EdU Cell Proliferation Kit (RiboBio Biotech Co., Ltd, 
Guangzhou, China) was employed following the manufac-
turer’s instructions. In brief, the cells were inoculated into 
a 96-well plate at a density of 10×103 cells per well and 
incubated with Edu medium for 2 hours. Next, the cells 
were fixed with paraformaldehyde and incubated with 
50μL glycine (2mg/mL). After that, the cells were incu-
bated with 100μL PBS containing 0.5% TritonX-100. 
Then the cells were stained with Apollo and Hoechst 
staining solution sequentially. The fluorescence micro-
scope was used for observation.

Cell Cycle Assay
PI staining was used to detect the cell cycle. The cells 
were washed with cold D-Hanks solution (4°C) and fixed 
with cold 75% ethanol (4°C) for 12h. After being washed 
with cold D-Hanks solution again, the cells were 

suspended with cell staining solution 1mL. The formula-
tion of the staining solution was as follows: 40 × PI 
mother solution (2mg/mL, Sigma, USA): 100 × RNase 
mother solution (10 mg/mL, Fermentas, MD, USA): 1 × 
D-Hanks = 25:10:1000. After incubation in the dark for 
30 min at 4°C, the percentages of the stained cells in each 
phase were measured by flow cytometry (Millipore, 
MA, USA).

Transwell Migration Assay and Invasion 
Assay
The migration ability of cells was measured using the 
Transwell chamber (Corning, NY, USA). Briefly, trans-
fected cells were added to upper chambers in FBS-free 
medium, and medium with 20% FBS as chemo-attractant 
was added in lower chambers. After incubation at 37°C 
with 5% CO2 for 24h, the Transwell chamber was taken 
out and the cells on the upper surface were removed by 
cotton buds. Cells on the lower surface were fixed with 4% 
polymethanol for 30 minutes and stained with 0.1% crystal 
violet for 20 minutes.

In the invasion assay, the Transwell chamber was 
coated with Matrigel (pore size 8.0µm, BD Bioscience, 
CA, USA) and the remaining procedure was similar to that 
of the migration assay.

Wound Healing Assay
The cells were inoculated into 6-well plates. After 24h in 
culture, scratches perpendicular to the plates were made 
using a transfer liquid gun and the width of all scratches 
was required to be about the same. The cell fragments 
produced by the scratch were washed and 4mL serum-free 
medium was added. After being cultured in a 37°C incu-
bator with 5% CO2 for 48 hours, wound healing was 
observed.

Table 1 The Primer Sequence for Knockdown of MALAT-1 in Drug-Resistant Cells

Name Sequences

MALAT1-Target1 Forward 5ʹ-GAUCCAUAAUCGGUUUCAA-3ʹ

MALAT1-Target1 Reverse 5ʹ- UUGAAACCGAUUAUGGAUC −3ʹ

MALAT1-Target2 Forward 5ʹ- UUAGCGGAAGCUGAUCUCCAA −3ʹ

MALAT1-Target2 Reverse 5ʹ- UUGGAGAUCAGCUUCCGCUAA −3ʹ

Negative control Forward 5ʹ- UUCUCCGAACGUGUCACGUTT −3ʹ

Negative control Reverse 5ʹ- ACGUGACAGGUUCGGAGAATT −3ʹ
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Cell Apoptosis Assay
Cell apoptosis was detected using an Annexin V-FITC 
apoptosis assay kit (AAT Bioquest Inc., CA, USA). In 
brief, after being washed with cold D-Hanks solution 
(4°C) and 1×binding buffer solution, the cells were re- 
suspended with 200uL 1× binding buffer. Then, 2uL 
Annexin V-APC was added and the cells were incubated 
at room temperature in the dark for 20 minutes. Finally, 
cells were detected by flow cytometry (Millipore, 
MA, USA).

Western Blot
Cells were lysed with RIPA lysis buffer containing protea-
some inhibitor on ice. Protein concentrations were quanti-
fied using a BCA protein assay kit (EpiZyme, Shanghai, 
China). Equal amounts of protein (20μg) were separated 
by 10% SDS-PAGE and transferred onto polyvinylidene 
fluoride (PVDF) membranes. The PVDF membranes were 
blocked by 5% nonfat milk and then incubated with the 
primary antibody (Proteintech Group, Wuhan, China) at 
4°C overnight. After being washed with TBST, the mem-
branes were incubated with horseradish peroxidase (HRP)- 
conjugated secondary antibodies (Proteintech Group, 
Wuhan, China) at room temperature for 2 hours. The 
bands were visualized by ECL kit (EpiZyme, Shanghai, 
China) and the grayscale values were measured by Image 
J software (National Institutes of Health, USA).

In vivo Tumorigenic Assay
Male athymic BALB/c nude mice (6–7 weeks) were pur-
chased from Vital River Laboratory Animal Technology 
Co., Ltd (Beijing, China). The mice were housed and fed 
under specific pathogen-free conditions. A total of 3 × 106 

cells were implanted subcutaneously into the right legs of 
mice. Tumor volume was calculated using the formula: 
Tumor volume = (length × width2)/2. On day 30, mice 
were killed, tumors were collected and weighed.

Statistical Analysis
Experimental values were obtained from at least three inde-
pendent experiments. The statistical analysis was conducted 
with SPSS 19.0 (IBM Inc, IL, USA). Measurement data 
were presented as mean ± SD. Comparisons between two 
groups were conducted using the two-tailed Student’s T-test. 
Multiple sets of data were analyzed using the One-way 
ANOVA and LSD-t-test. Differences were considered to be 
statistically significant when the P value was less than 0.05.

Results
The Effects of Chemotherapeutic Drugs 
on MALAT-1 Expression in U-2OS 
Osteosarcoma Cells
The U-2OS cells were treated with methotrexate 
(Figure 1A), doxorubicin (Figure 1B), cisplatin 
(Figure 1C), and ifosfamide (Figure 1D) at different con-
centrations respectively. The MALAT-1 expression chan-
ged in some conditions. In this initial exploration, we 
found that the cells treated with doxorubicin at 
a concentration of 1.0umol/L appeared a good trend of 
MALAT-1 change. Based on these results, doxorubicin 
was selected for the following exploration.

The MALAT-1 Was Upregulated in the 
Doxorubicin-Resistant U-2OS 
Osteosarcoma Cells
To further explore the correlations between MALAT-1 
expression and doxorubicin resistance in osteosarcoma, 
the doxorubicin-resistant U-2OS cell line was constructed. 
We discovered that MALAT-1 was upregulated in the 
doxorubicin-resistant U-2OS osteosarcoma cells when 
compared with the original doxorubicin-sensitive U-2OS 
cells (Figure 2A).

Proliferation Was Suppressed in 
Doxorubicin-Resistant U-2OS Cells with 
Downregulated MALAT-1 Expression
Two targets were selected to downregulate MALAT-1 
expression in the doxorubicin-resistant U-2OS osteosar-
coma cells. The target-1 demonstrated a higher efficiency 
and was selected for subsequent study (Figure 2B).

We initially explored the proliferative ability using 
clone formation assay. The number of colonies 
(Figure 2C and D) illustrated that the doxorubicin- 
resistant U-2OS osteosarcoma cells had higher prolifera-
tion. Downregulating MALAT-1 suppressed the 
proliferation.

EdU assay (Figure 2E and F) and the cell cycle assay 
(Figure 2G and H) were used for further exploration. It 
revealed that more cells were in the proliferative stage 
in the doxorubicin-resistant cells. Downregulating 
MALAT-1 drove the doxorubicin-resistant cells into 
G0/G1 phase and decreased the percentage of cells in 
the G2/M phase.
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Cell Migration and Invasiveness Were 
Inhibited in Doxorubicin-Resistant U-2OS 
Cells with Downregulated MALAT-1 
Expression
As demonstrated in the wound healing assay (Figure 3A), 
doxorubicin-resistant U-2OS cells behaved with a better 
scratch healing ability, which was reversed by the inhibi-
tion of MALAT-1. Similarly, the migration assay unveiled 
that the efficient migration ability of doxorubicin-resistant 
U-2OS cells was weakened by downregulating MALAT-1 
(Figure 3B and C).

As the invasion assay exhibited (Figure 3D and E), the 
doxorubicin-resistant U-2OS cells have a higher invasion 
ability and can be inhibited by upregulating MALAT-1.

Downregulating MALAT-1 Promoted the 
Apoptosis and Extracellular Regulated 
Protein Kinases (ERK) Phosphorylation in 
Doxorubicin-Resistant U-2OS Cells
As demonstrated in flow cytometry (Figure 4A and B), the 
percentage of apoptotic cells decreased in the doxorubicin- 
resistant U-2OS cells. Downregulating MALAT-1 expres-
sion led to more apoptosis.

By performing Western blot analysis, we observed that 
the doxorubicin-resistant U-2OS cells had a lower pERK/ 
ERK ratio. In the doxorubicin-resistant U-2OS cells, the 
expression of Caspase 3 and Bax was downregulated and 
the expression of Bcl-2 was upregulated. Inhibiting 
MALAT-1 promoted the phosphorylation of ERK and 

Figure 1 Effects of methotrexate (A), doxorubicin (B), cisplatin (C), ifosfamide (D) on MALAT-1 expression in U-2OS osteosarcoma cells. The cells treated with 
doxorubicin demonstrated a relatively good trend of upregulated MALAT-1.
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Figure 2 Changes in MALAT-1 expression and the proliferation in U-2OS cells. (A) MALAT-1 expression upregulated in doxorubicin-resistant U-2OS cells. (B) Target-1 
(U-2OS DR/shMALAT1-1) demonstrated a higher efficiency than Target-2 (U-2OS DR/shMALAT1-2) in downregulating MALAT-1 expression in doxorubicin-resistant U-2OS 
cells. (C and D) The doxorubicin-resistant U-2OS osteosarcoma cells displayed more colonies than other cells. (E and F) EdU assay showed that more EdU positive cells in 
doxorubicin-resistant cells. (G and H) The percentage of cells in the G2/M phase decreased and that in the G1 phase increased while downregulating MALAT-1 in the 
doxorubicin-resistant U-2OS cells. 
Notes: ** P < 0.01. *P < 0.05. 
Abbreviations: DS, doxorubicin-sensitive U-2OS cells; DR, doxorubicin-resistant U-2OS cells; shCtrl, negative control; shMALAT1, downregulating MALAT-1 with shRNA.
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reversed the expression of the related protein (Figure 4C 
and D).

The Growth of Doxorubicin-Resistant 
Osteosarcoma Slowed Down with the 
Downregulating MALAT-1 in vivo
As shown in Figure 4E, the solid tumors in nude mice had 
different speeds of growth over time. The tumors of doxor-
ubicin-resistant grew fastest, while the tumors of doxorubi-
cin-sensitive and that of shMALAT1-doxorubicin-resistance 
had similar growth curves. All the tumors were collected on 
the 30th day (Figure 4F), the tumors of doxorubicin- 
resistant had a higher average weight than the other two 
groups (Figure 4G).

Discussion
In the present study, we investigated the correlation 
between MALAT-1 expression and the chemotherapy 
resistance in the U-2OS osteosarcoma cells. Since perio-
perative chemotherapy for osteosarcoma is mainly the 
sequential use of chemotherapeutic drugs, including meth-
otrexate, doxorubicin, cisplatin, and ifosfamide, we 
explored the influence of each chemotherapeutic drug on 
osteosarcoma cells at first. As a result, doxorubicin was 
the most likely drug associated with the upregulating 
MALAT-1 expression. In subsequent experiments, we 
identified significant upregulating MALAT-1 expression 
in the doxorubicin-resistant U-2OS osteosarcoma cells. 
The doxorubicin-resistant U-2OS cells displayed an 

Figure 3 The doxorubicin-resistant cells exhibited better wound healing ability (A), migration ability (B and C), invasion ability (D and E), which could be reversed by 
downregulating MALAT-1. 
Note: **P<0.01. 
Abbreviations: DS, doxorubicin-sensitive U-2OS cells; DR, doxorubicin-resistant U-2OS cells; shCtrl, negative control; shMALAT1, downregulating MALAT-1 with shRNA.
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Figure 4 (A and B) The apoptosis in doxorubicin-resistant U-2OS cells was inhibited, which could be reversed by downregulating MALAT-1. (C and D) Western blot revealed that in 
the doxorubicin-resistant U-2OS cells, the pERK/ERK ratio, Caspase 3 expression, and Bax expression were decreased, while Bcl-2 expression was increased. (E) The growth curves of 
osteosarcoma cells in vivo. (F) The solid osteosarcoma was collected on the 30th day. (G) The average weight of doxorubicin-resistant solid osteosarcoma was higher than other tumors. 
Note: **P<0.01. 
Abbreviations: DS, doxorubicin-sensitive U-2OS cells; DR, doxorubicin-resistant U-2OS cells; shCtrl, negative control; shMALAT1, downregulating MALAT-1 with shRNA; 
ERK, extracellular regulated protein kinases; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein.
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increased proliferation, migration, and invasiveness ability, 
as well as decreased ERK phosphorylation and apoptosis, 
which could be reversed by downregulating MALAT-1 
expression. Our study suggested that the chemotherapy 
resistance in osteosarcoma may be partly due to the upre-
gulation of MALAT-1 and the reduction of ERK phosphor-
ylation caused by chemotherapeutic drugs such as 
doxorubicin. The effects might result in tumor enhance-
ments and inefficient chemotherapy response. As far as we 
know, this was the first research on the correlation between 
MALAT-1 and osteosarcoma chemotherapy resistance.

Recently, many researchers found that plenty of 
lncRNAs play an important role in cancer chemotherapy 
resistance, and MALAT-1 is one of the hot spots. The 
correlation between MALAT-1 and doxorubicin resistance 
has been demonstrated in several types of cancers, such as 
hepatocellular carcinoma15,19 and diffuse large B-cell 
lymphoma.16 Other lncRNAs that are related to doxorubi-
cin resistance include lncRNA B4GALT1-AS1 in 
osteosarcoma,20 lncRNA Urothelial Carcinoma 
Associated 1(UCA1) in gastric cancer,21 linc-VLDLR in 
hepatocellular cancer,22 lncRNA growth arrest-specific 5 
(GAS5) and HOTAIR (HOX transcript antisense RNA) in 
blanket transitional cell carcinoma,23,24 and lncRNA- 
BX537613 in breast cancer and liver cancer.25

Coincidentally, our study displayed that downregulat-
ing MALAT-1 can reverse the doxorubicin resistance in 
osteosarcoma. We further revealed that the ERK was 
involved in doxorubicin resistance and negatively corre-
lated with MALAT-1 expression. Although previous litera-
ture has verified that the ERK phosphorylation can 
promote apoptosis and reduced the doxorubicin’s efficacy 
in osteosarcoma,26–28 effect of MALAT-1 on the ERK/ 
MAPK pathway is not consistent. For example, some 
literature indicated that MALAT-1 activates ERK/MAPK 
pathway in hepatocellular carcinoma29 and 
cardiomyocytes,30 while another literature showed that 
MALAT-1 inhibits ERK/MAPK pathway in the nervous 
system.31 Indeed, the potential mechanisms resulting in 
drug resistance are complex. Besides, the depth involved 
in current literature is also inconsistent. Multidisciplinary 
collaborative exploration, including but not limited to 
pharmacy, genomics, and biochemistry, is essential.

Notably, unlike Wang’s results, which showed that 
MALAT-1 promotes cisplatin resistance in cervical 
cancer,14 no clear correlation between MALAT-1 and cis-
platin resistance was observed in osteosarcoma. On one 
hand, it may owe to the differences in genetics and 

cytology between the two neoplasms. On the other hand, 
some details in the experiment which were not described 
may make a difference. Moreover, by studying the drug 
resistance mechanisms associated with MALAT-1 in the 
chemotherapeutic drugs of other cancers, inspiration may 
burst.

In addition to the above, the phenomenon exhibited in 
our study makes us think that some conclusions in pre-
vious literature may be one-sided. Previous researches 
illustrated that MALAT-1 is upregulated in osteosarcoma 
and is closely related to prognosis, cell invasion, and 
metastasis.9,10,12,32 Relevant mechanisms, such as 
E-calcium adhesive protein,32 micro-RNAs,9,10,12 and sig-
naling pathways,11,13 were also explained. However, most 
of the literature did not describe when the specimens were 
taken (before or after chemotherapy) and which specimens 
met sampling requirements. Compared with other tumors, 
osteosarcoma has its characteristics. Firstly, most osteosar-
coma patients have to receive neoadjuvant chemotherapy 
before surgery, which is different from some malignant 
tumors that are directly surgically removed after diagnosis. 
Specimens obtained in resection surgery may more likely 
display upregulation of MALAT-1. Secondly, as a tumor 
with high heterogeneity and rapid growth rate, there are 
usually necrotic areas inside the osteosarcoma. MALAT-1 
expression may even be different in different regions of 
the same patient’s tumor specimen. Furthermore, there is 
a possibility that the remaining live osteosarcoma cells 
after chemotherapy may come from the differentiation of 
residual cancer stem cells rather than drug-resistant cells, 
which call for clinical researches with sufficient patients 
and more in-depth basic researches.

Nevertheless, several limitations should be taken into 
account when interpreting our findings. Firstly, although 
the related mechanism was not fully explored, the experi-
mental results partially explain the inherent reason for the 
poor prognosis with upregulated MALAT-1 and decreased 
ERK phosphorylation. Secondly, as the neoadjuvant che-
motherapy for osteosarcoma is combination therapy, it is 
difficult to obtain tissue samples with definite doxorubicin 
resistance from patients.

In conclusion, our study displayed that doxorubicin 
may upregulate MALAT-1 in osteosarcoma. The upregu-
lated MALAT-1 was found in the doxorubicin-resistant 
U-2OS osteosarcoma cells. Downregulating MALAT-1 
expression in doxorubicin-resistant cells could reverse 
the proliferation, migration, invasiveness and promote 
apoptosis. ERK phosphorylation decreased in doxorubicin- 
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resistant U-2OS osteosarcoma cells and could be reversed 
by downregulating MALAT-1. The upregulated MALAT-1 
in osteosarcoma specimens may be the result of che-
motherapy. Downregulating MALAT-1 may improve che-
motherapy effects in osteosarcoma.
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