
2794

Abstract. – OBJECTIVE: The development 
of multidrug resistance (MDR) is a key issue for 
tumor recurrence and metastasis, leading to 
treatment failure of gastric cancer (GC). Long 
non-coding RNA (lncRNA) DANCR has been 
shown to be highly expressed in GC patients, 
which accelerates growth and metastasis of GC 
cells. This study aims to elucidate the role of 
DANCR in regulating MDR of GC.

PATIENTS AND METHODS: The mRNA level 
of DANCR in GC patients with or without DDP-re-
sistance was determined by quantitative Re-
al-time polymerase chain reaction (qRT-PCR). 
DANCR expression in GC cell lines (SGC7901, 
BGC823) and cisplatin (DDP)-resistant cell lines 
(SGC7901/DDP, BGC823/DDP) was determined 
as well. Knockdown or overexpression of DAN-
CR in GC cells with or without DDP-resistance 
was achieved by siRNA interference technology 
or stable transfection of lentivirus, respectively. 
The regulatory effects of DANCR on cytotoxicity 
and apoptosis were examined by cytotoxicity as-
say and flow cytometry method (FCM), respec-
tively. In addition, we detected the expressions 
of MDR1, MRP1, mechanistic target of rapamycin 
(mTOR) and hypoxia inducible factor-1α (HIF-1α) 
in GC cells overexpressing DANCR by qRT-PCR 
and Western blot.

RESULTS: DANCR expression remained high in 
DDP-resistant GC tissues or cells. SGC7901/DDP 
and BGC823/DDP cells transfected with si-DAN-
CR presented decreased survival and increased 
apoptosis. On the contrary, SGC7901/DDP and 
BGC823/DDP cells overexpressing DANCR 
showed increased survival and decreased apop-
tosis. In addition, DANCR overexpression could 
upregulate expressions of MDR1 and MRP1 in 
DDP-induced SGC901 and BGC823 cells.

CONCLUSIONS: Upregulation of DANCR can 
accelerate the MDR development of GC, which 
may become a potential target for treating GC 
with MDR.
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Introduction 

Gastric cancer (GC) is currently the leading 
malignant tumor with high morbidity and mor-
tality, which seriously affects human health and 
their life quality1. Males over 50 years are the on-
set population of GC, and the incidence ratio be-
tween men and women is 2:1. The tumorigenesis 
of GC is a cumulative process involving multiple 
factors and pathways. Its pathology involves on-
cogenes, tumor suppressors and apoptotic genes2. 
Similar to other tumors, GC is resulted by the 
activation of certain oncogenes and deficiency of 
tumor suppressors at a certain time. Since ear-
ly-stage GC lacks significant symptoms, most pa-
tients have already aggravated into the advanced 
GC at the first time of diagnosis and lose the 
best surgical chance. Hence, chemotherapy has 
become one of the main treatments for GC, es-
pecially for advanced GC3. According to the cur-
rent treatment guidelines for GC, platinum-based 
chemotherapy drugs are the basic drugs for che-
motherapy treatment4. Cisplatin (DDP) is the 
first-line drug for chemotherapy in different stag-
es of GC5. Unfortunately, the therapeutic effec-
tive of DDP or DDP combined with other drugs 
is still less than 20%. Drug-resistance of GC cells 
is the major reason for the treatment failure6. 
Therefore, explorations on the drug-resistance 
mechanism of GC help to improve the clinical 
outcomes of affected patients. Long non-coding 
RNA (lncRNA) is a class of RNAs with a tran-
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scription length of more than 200 nt, lacking a 
initiation codon and a termination codon7. Since 
lncRNA contains a long primary structure, it can 
be a platform for integration with other DNAs 
and RNAs, thus forming a diverse and complex 
secondary spatial structure. Such a structure 
allows lncRNA to exert biological functions 
through interacting with protein factors8. Recent 
studies have shown that lncRNAs are involved 
in the regulation of multidrug resistance (MDR). 
They affect post-transcriptional regulation of 
microRNAs by inhibiting transcription or trans-
lation of target mRNAs9. For example, lncRNA 
UCA1 accelerates MDR in GC by downregu-
lating miR-27b expression. GHET1 overexpres-
sion downregulates BCL2-Associated X (Bax) 
expression in BGC823 and SGC7901 cells, and 
upregulates expressions of B-cell lymphoma-2 
(Bcl-2), MDR1 and MRP1, thereby promoting 
MDR of GC10. LncRNA BLACAT1 stabilizes 
ABCB1 expression by sponging miR-361, further 
promoting oxaliplatin-resistance in GC11. Ln-
cRNA DANCR is a recently discovered lncRNA 
that is of great significance in the development 
of various tumors. DANCR has been proved to 
mediate DDP-resistance in glioma cells by acti-
vating AXL/PI3K/Akt/NF-κB axis12-14. Pan et al14 
have shown that DANCR is highly expressed in 
GC tissues and cells. Overexpression of DANCR 
can promote the proliferative and invasive rates 
of GC cells. However, the function of DANCR in 
MDR of GC has not been clarified.

Patients and Methods

Pathological Characteristics 
of Enrolled Patients

Sixty-two patients with primary GC were in-
cluded in the study. These patients underwent 
DDP-based palliative chemotherapy from day 1 
to day 3, with a cycle of 3 weeks. A significant 
reduction in primary tumor size or malignant 
pleural effusion after DDP-based chemotherapy 
was defined as therapeutically effective. Enlarged 
primary tumor, increased pleural effusion, or tu-
mor metastasis within 6-15 months of treatment, 
was defined as DDP-resistance (n = 14); other-
wise, it was DDP-sensitivity (n = 14). Patholog-
ical characteristics of enrolled GC patients were 
listed in detail (Table I). The study was approved 
by the Ethics Committee of the Yantai Yuhuang-
ding Hospital and all patients provided written 
informed consent.

Cell Culture
GC cell lines SGC7901 and BGC823 were pur-

chased from the Cell Bank, Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured 
in Roswell Park Memorial Institute-1640 (RPMI-
1640) (Thermo Fisher Scientific, Waltham, MA, 
USA) containing 10% fetal bovine serum (FBS) 
(Hyclone, South-Logan, UT, USA), 100 U/mL 
penicillin and 100 mg/mL streptomycin, and 
maintained in a 5% CO2, 37°C incubator. DDP-
resistant SGC7901/DDP and BGC823/DDP cells 
were obtained by SGC7901 and BGC823 cells 
exposing to 0.05-1 mg/mL DDP (Sigma-Aldrich, 
St. Louis, MO, USA) for 12 months, respec-
tively. DDP-resistant GC cells were cultured in 
DDP-free Roswell Park Memorial Institute-1640 
(RPMI-1640) for 2 weeks prior to experiments.

Transfection
DANCR-overexpression lentivirus (LV-DAN-

CR) and negative control lentivirus (LV-NC) were 
purchased from GenePharma (Shanghai, China). 
The siRNA DANCR and corresponding negative 
control were synthesized by Ribobio (Shanghai, 
China). Cell transfection was performed using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA) until 60-70% of confluence. Serum-con-
tained medium was replaced at 6 h. Transfection 
efficacy was verified by quantitative Real-time 
polymerase chain reaction (qRT-PCR). 

RNA Extraction and qRT-PCR
Cells or tissues were incubated with TRIzol 

(Invitrogen, Carlsbad, CA, USA) reagent and 
chloroform. After the aqueous phase was centri-
fuged by isopropanol, the obtained precipitates 

Table I. Pathological characteristic of patients.

Variable Patients

No. of cases 62
Sex 
 Male/Female 32/30
 Age at diagnosis (mean, yrs) 63
Clinical pathology features 
TNM stage 
 I 12
 II 19
 III 31
Lymph node metastasis 
 Negative 17
 Positive 45
Histologic grade 
 Well 13
 Poor 49
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were washed with 75% ethanol, air-dried and 
diluted in diethyl pyrocarbonate (DEPC) water 
(Beyotime, Shanghai, China). RNA was reverse-
ly transcribed into complementary deoxyribose 
nucleic acid (cDNA) according to the instructions 
of Revert Aid First Strand cDNA Synthesis kit 
(Thermo Fisher, Waltham, MA, USA). QRT-PCR 
was performed using SYBR® Green Master Mix 
(TaKaRa, Otsu, Shiga, Japan), with glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) as 
an internal reference. The relative concentration 
was calculated as 2-∆∆CT and recorded as an aver-
age from three independent experiments. Primer 
sequences were as follows: LncRNA DANCR, 
F: 5’-CTGCATTCCTGAACCGTTATCT-3’, R: 
5’-GGGTGTAATCCACGTTTCTCAT-3’;

MDR1, F: 5’-ACCAAGCGGCTCCGATA-
CA-3’, R: 5’-TCATTGGCGAGCCTGGTAGTC-3’; 
GAPDH, F: 5’-AGCCACATCGCTCAGACAC-3’, 
R: 5’- GCCCAATACGACCAAATCC-3’;

MRP1, F: 5’-GGACCTGGACTTCGTTCT-
CA-3’, R: 5’ -CGTCCAGACTTCATCCG-3’; 
Mechanistic target of rapamycin (mTOR), F: 
5’-CCCGAGACAGCCTTGGCAGTTGG-3’, R: 
5’-CAGGACTCAGGACACAAC AGCCC-3’; Hy-
poxia inducible factor-1α (HIF-1α), F: 5’-CTATG-
GAGGCCAGAAGAGGGTAT-3’, R: 5’-CCCA-
CATCAGGTGGCTCATAA-3’.

Cytotoxicity Assay
Cells were cultured in a 96-well plate at a den-

sity of 5×104/mL, with 100 μL per well. After in-
cubation with 1 μg/mL DDP for 24 h, 36 h, 48, 
and 72 h, 10 μL of cell counting kit-8 (CCK-8) 
(Dojindo Molecular Technologies, Kumamoto, 
Japan) was added to each well, respectively. Ab-
sorbance at 450 nm wavelengths was recorded af-
ter incubation for 1 h using a Microplate Reader 
(Bio-Tech Company, Encinitas, CA, USA).

Cell Apoptosis Assay 
1×106 cells were washed with phosphate-buff-

ered saline (PBS) twice, digested and fixed in pre-
cold 70% ethanol at 4°C for 30 min. Subsequently, 
cells were induced with 5 mL of Annexin V-FITC 
and 1 mL of Propidium Iodide (PI) (50 mg/mL) 
for 5 min. Apoptosis was determined using flow 
cytometry (Becton-Dickinson, Mountain View, 
CA, USA). 

Western Blot 
Total protein was extracted using the cell ly-

sate for determining protein expression. Protein 
sample was quantified by bicinchoninic acid 

(BCA) (Pierce, Rockford, IL, USA), loaded for 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE), and blocked with 
5% skim milk. Membranes were then incubated 
with the primary antibody and corresponding 
secondary antibody. Band exposure was devel-
oped by enhanced chemiluminescence (ECL) 
(Thermo Fisher, Waltham, MA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM, Armonk, NY, USA) 
and Graphpad (La Jolla, CA, USA) were utilized 
for statistical analysis. The quantitative data were 
represented as mean ± standard deviation (x̅±s). 
Measurement data were analyzed by the t-test, 
whereas categorical data were analyzed by χ2-test. 
p<0.05 was considered statistically significant. 

Results

DANCR and DDP-Resistance 
To explore whether DANCR is involved in the 

development of DDP-resistance in GC, we ex-
amined the mRNA expression of DANCR in 14 
cases of DDP-sensitive GC tissues and 14 cases 
of DDP-resistant GC tissues by qRT-PCR. The 
results showed a higher mRNA level of DAN-
CR in DDP-resistant tumor tissues than those 
DDP-sensitive ones (Figure 1A). To further 
validate the differential expression of DAN-
CR, we determined the mRNA level of DAN-
CR in DDP-resistant cells SGC7901/DDP and 
BGC823/DDP, as well as their parental cells. 
Consistently, DANCR was highly expressed in 
SGC7901/DDP and BGC823/DDP cells relative 
to their parental cells (Figure 1B). These results 
suggested a potential involvement of DANCR in 
DDP-resistant GC.

DANCR Knockdown Reversed MDR in 
DDP-Resistant GC Cells

We further verified the effect of DANCR 
on DDP-induced cytotoxicity and apoptosis in 
SGC7901/DDP and BGC823/DDP cells. First 
of all, transfection of si-DANCR in SGC7901/
DDP and BGC823/DDP cells sufficiently 
downregulated DANCR expression (Figure 
2A). SGC7901/DDP and BGC823/DDP cells 
transfected with si-DANCR were induced with 
DDP for 24 h, 36 h, 48 h and 60 h, respectively. 
CCK-8 assay showed that SGC7901/DDP and 
BGC823/DDP cells with DANCR knockdown 



DANCR promotes MDR of gastric cancer

2797

had a gradual decrease in apoptotic rate with 
the prolongation of DDP induction relative to 
controls (Figure 2B). Similarly, flow cytometry 
data revealed that apoptosis was markedly ac-
celerated in DDP-resistant cells with DANCR 
knockdown (Figure 2C). These results suggest-
ed that knockdown of DANCR reversed MDR 
of DDP-resistant GC cells.

DANCR Overexpression Inhibited 
Apoptosis of GC Cells 

We further validated the effect of DANCR 
overexpression on apoptosis. Transfection of 
LV-DANCR in SGC7901 and BGC823 cells 
markedly upregulated mRNA level of DANCR, 
indicating a sufficient transfection efficacy (Fig-
ure 3A). SGC7901 and BGC823 cells transfected 
with LV-DANCR were subjected to DDP induc-
tion for 24 h, 36 h, 48 h, and 60 h, respectively. 
CCK-8 assay revealed a higher viability in GC 
cells overexpressing DANCR than controls in a 
time-dependent manner (Figure 3B). Further-
more, GC cells overexpressing DANCR present-
ed a lower apoptotic rate relative to controls (Fig-
ure 3C). The above data revealed that DANCR 
overexpression inhibited DDP-induced apoptosis 
in SGC7901 and BGC823 cells.

DANCR Regulated Expressions of MDR1 
and MRP1

MDR in cancer chemotherapy is a major 
obstacle. Here, we determined expression lev-
els of MDR-related genes in GC cells. The re-
sults showed that transfection of LV-DANCR 
in SGC7901 and BGC823 cells upregulated 

mRNA levels of MDR1 and MRP1, whereas no 
differences were observed in mRNA levels of 
mTOR and HIF-1α (Figure 4A). Besides, West-
ern blot results demonstrated that overexpres-
sion of DANCR could upregulate protein levels 
of MDR1 and MRP1 in DDP-induced GC cells 
(Figure 4B). These results clarified that DAN-
CR may promote MDR in GC by upregulating 
MDR-related proteins.

Discussion 

GC is a common malignant tumor of the diges-
tive system, and its mortality ranks third in the 
world. Since early screening for GC is insufficient, 
most of the GC patients lose the opportunity to 
operate due to the advanced stage at diagnosis 15. 
Therefore, chemotherapy is the most effective ad-
juvant treatment for tumors that improves the sur-
vival and life quality of tumor patients16. DDP has 
been applied as the first-line chemotherapy drug 
for GC with different tumor stages. However, pri-
mary or acquired DDP-resistance is considered to 
be the major reason for the failure of GC treat-
ment. In recent years, a series of biological indi-
cators of DDP-resistance have been discovered, 
such as apoptosis-related proteins (Bcl-2, Bax), 
lung resistance-related proteins (LRP), nuclear 
factor of kappa B (NF-κB), excision repair cross 
complementation 1 (ERCC1) and breast cancer 
susceptibility gene 1 (BRCA1)17. DDP-resistance 
in GC is a complex process involving multiple 
genes and factors. Enhancement of chemotherapy 
sensitivity contributes to improve the efficacy and 

Figure 1. DANCR and DDP-resistance. A, The mRNA level of DANCR in 14 cases of DDP-sensitive gastric cancer tissues 
and 14 cases of DDP-resistant gastric cancer tissues by qRT-PCR. B, The mRNA level of DANCR in DDP-resistant cells 
SGC7901/DDP and BGC823/DDP derived from parental SGC7901 and BGC823 cells, respectively. Data were presented as 
mean±S.D. **p<0.01.
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prognosis of chemotherapy. Increasing evidences 
have shown the crucial role of lncRNA in MDR of 
GC. Knockdown of lncRNA MRUL in SGC7901/
ADR and SGC7901/VCR cells accelerates apop-
tosis and decreases doxorubicin release18. Ln-
cRNA PVT1 is highly expressed in GC tissues 
and paclitaxel-resistant SGC7901 cell line. Over-
expression of lncRNA PVT1 in GC cells upregu-
lates expression levels of MDR1, MRP1, mTOR 
and HIF-α, thus leading to the occurrence of 
MDR19. LncRNA ANRIL expression is positively 

correlated with expressions of MDR1 and MRP1, 
whereas ANRIL knockdown could prevent MDR 
in GC cells20.

In this study, DANCR was highly expressed in 
DDP-resistant GC tissues and cell lines. CCK-8 
assay and flow cytometry showed that knock-
down of DANCR inhibited the proliferative rate 
and induced apoptosis of SGC7901/DDP and 
BGC823/DDP cells, suggesting that DANCR 
knockdown could reverse MDR in DDP-resis-
tant GC. In addition, DANCR overexpression 

Figure 2. DANCR knockdown reversed MDR in DDP-resistant gastric cancer cells. A, Transfection efficacy of si-DANCR in 
SGC7901/DDP and BGC823/DDP cells. Transfected cells were induced with DDP for 24 h, 36 h, 48 h and 60 h, respectively. 
B, CCK-8 assay showed that SGC7901/DDP and BGC823/DDP cells transfected with si-DANCR had a gradual decreased 
apoptotic rate with the prolongation of DDP induction relative to controls. C, Flow cytometry data revealed that apoptosis was 
markedly accelerated in DDP-resistant cells with DANCR knockdown. Data were presented as mean±S.D.; *p<0.05, **p<0.01, 
***p<0.001. 
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promoted cell growth and anti-apoptotic proper-
ties of SGC7901/DDP and BGC823/DDP cells. It 
is worth noting that apoptosis exerts a key role 
in MDR development of tumors21. The majority 
of chemotherapeutic drugs induces apoptosis or 
programmed cell death to exert their anti-cancer 
activity22, 23. Clearance of impaired or abnormal 
cells is a necessary progress. It is believed that 
apoptosis-resistance may be a major factor in the 
failure of tumor treatment.

In recent years, researchers24 have made their 
efforts to reverse MDR in tumors. P-glycopro-

Figure 3. DANCR overexpression inhibited apoptosis of gastric cancer cells. A, Transfection efficacy of LV-DANCR in 
SGC7901 and BGC823 cells. SGC7901 and BGC823 cells transfected with LV-DANCR were induced with DDP for 24 h, 36 
h, 48 h, and 60 h, respectively. B, CCK-8 assay revealed a higher viability in cells overexpressing DANCR than controls in a 
time-dependent manner. C, Gastric cancer cells overexpressing DANCR presented a lower apoptotic rate relative to controls. 
Data were presented as mean±S.D.; *p<0.05, **p<0.01, ***p<0.001.

tein (P-gp) is associated with clinical MDR, 
which is encoded by MDR1. P-gp belongs to 
the ABC transporter family, with a molecular 
weight of 170 kDa. P-gp can pump lipophilic 
chemotherapeutic drugs such as doxorubicin, 
daunorubicin, vinblastine and paclitaxel out of 
tumor cells by ATP energy supply, thereafter 
mediating MDR in tumors25. Multidrug Resis-
tance-Associated Proteins (MRP) also belongs 
to the ABC transporter family with 9 family 
members, namely MRP1-MRP9. The main func-
tion of MRP is to pump out glutathione complex 
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and glucuronic acid complex through ATP ener-
gy supply, further regulating the in vivo drug de-
toxification process26. Both P-gp and MRP1 are 
capable of reducing the intracellular concentra-
tion of chemotherapeutic drugs, but their main 
targets vary a lot27. We determined expressions 
of well-known genes involved in MDR, includ-
ing MDR1, MRP1, mTOR and HIF-1α. Over-
expression of DANCR markedly upregulated 
mRNA and protein levels of MDR1 and MRP1, 
whereas expressions of mTOR and HIF-1α did 

not change. Taken together, these results sug-
gested that DANCR may contribute to the devel-
opment of MDR by regulating P-gp and MRP1 
pathways.

Conclusions

We found that upregulation of DANCR acceler-
ated MDR development of GC, which may become 
a potential target for treating GC with MDR.

Figure 4. DANCR regulated expressions of MDR1 and MRP1. A, Transfection of LV-DANCR in SGC7901 and BGC823 cells 
upregulated MDR1 and MRP1, whereas no differences were observed in mRNA levels of mTOR and HIF-1α. B, Western blot 
results demonstrated that overexpression of DANCR could upregulate protein levels of MDR1 and MRP1 in DDP-induced 
gastric cancer cells. Data were presented as mean±S.D.; *p<0.05, **p<0.01; ns, no significant difference. 
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