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Abstract 

Background: Long non-coding RNAs (lncRNAs) play pivotal roles in carcinogenesis and the development of drug resistance in various 
malignancies. 
Objectives: The current study aimed to explore the impact of antisense non-coding RNA in the INK4 locus (ANRIL) silencing on 
proliferation and the sensitivity of KATO III gastric cells to the doxorubicin as a common chemotherapeutic agent. 
Methods: The KATO III cells were transfected with ANRIL siRNA (si-ANRIL) using Lipofectamine™2000 reagent. Following that, the 
relative ANRIL levels were determined by quantitative Real-Time PCR. Trypan blue assay was conducted to observe the tumor cell 
proliferation following the transfection. Moreover, the MTT assay was performed to identify the cytotoxic effects of doxorubicin and si-
ANRIL alone or in combination on KATO III cells. The effects of si-ANRIL/doxorubicin on KATO III cells migration and apoptosis were 
assessed by wound healing assay and ELISA cell death method, respectively. 
Results: The results showed that the si-ANRIL significantly diminished ANRIL expression level in a time-dependent manner contributing 
to the distinct repression of cell growth and enhanced apoptosis. Furthermore, the si-ANRIL synergistically elevated the cytotoxic impacts 
of doxorubicin. Additionally, the ANRIL down-regulation dramatically promoted its induction of apoptosis. Moreover, KATO III cells 
transfected with si-ANRIL and exposed with doxorubicin revealed significantly reduced invasion capability and enhanced apoptosis rate. 
Conclusion: These results demonstrated that the knock-down of lncRNA ANRIL could be a potential therapeutic strategy to trigger 
apoptosis and circumvent doxorubicin-resistance. 
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1. Background 

Gastric cancer is considered one of the most 
frequent human malignancies with an increasing rate 
of incidence worldwide (1). Diagnosis in late advanced 
stages and malignant proliferation are two important 
issues increasing the need for focusing more on gastric 
cancer biology (2). Despite huge advances in the 
development of novel therapeutic strategies for 
combating gastric cancer, chemotherapy is still the 
gold standard strategy for patients with this 
malignancy (3). However, similar to other cancer 
types, the development of drug resistance against 
conventional chemotherapeutic agents is a big burden 
against the successful treatment of gastric cancer (4). 
Upregulation in drug efflux pumps, disruption in drug 
metabolism, increased apoptosis, cancer stem cells, 
dysregulated DNA repair machinery, and epithelial  
to mesenchymal transition are among important 
molecular mechanisms underlying the development 
of drug resistance (5). Recently, an accumulating 
number of recent studies has demonstrated the 
critical roles of long non-coding RNAs (lncRNAs) in 
various aspects of gastric cancer biology, including 
drug resistance (6,7). The lncRNAs are a big family of 
non-coding RNAs with a length size of more than 200 
nucleotides, which are not translated to functional 
proteins; however, they have a major regulatory 

function in a broad range of biological events (8). 
Previous studies have explained a long list of various 
lncRNAs functioning in gastric tumorigenesis and 
gastric cancer initiation/progression; moreover, they 
introduced these RNA molecules as potential valuable 
diagnostic and therapeutic targets for gastric cancer 
(9). Antisense non-coding RNA in the INK4 locus 
(ANRIL) situated on the chromosome 9p21 is a well-
known lncRNA with an upregulated expression 
pattern in gastric cancer (10,11). It was reported that 
ANRIL overexpression has a strong association with 
higher tumor stage and size in patients with gastric 
cancer. In addition, the ANRIL knockdown in both in 
vitro and pre-clinical studies revealed a decreased 
proliferation rate of gastric cancer cells (12). 
Additionally, ANRIL lncRNA has been demonstrated 
to be implicated in the expansion of drug resistance 
against cisplatin and 5-fluorouracil in gastric cancer 
cells (13). However, the role of ANRIL has not been 
investigated in the development of drug resistance 
against doxorubicin, which is one of the important 
chemotherapeutic agents applied in the treatment of 
gastric cancer.  

 

2. Objectives 

The current study aimed to explore the effects  
of silencing ANRIL lncRNA on the proliferation, 
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apoptosis, invasion, and drug resistance to doxorubicin 
in KATO III gastric cancer cells. 

 

3. Methods 

3.1. Materials 
The KATO III cell line was provided from Pasteur 

Institute (Tehran, Iran), and the DOX was obtained 
from Cayman Chemical (USA). Trypan blue, 
dimethysulfoxide (DMSO), and 3-(4, 5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) were 
purchased from Sigma Aldrich. Moreover, the RNA 
extraction kit, cDNA synthesis kit, and SYBR Green 
were purchased from Bioneer co. (South Korea). Cell 
culture materials including Trypsin/EDTA, penicillin/ 
streptomycin (Pen/Strep) solution, fetal bovine 
serum (FBS), and RPMI-1640 were provided from 
Invitrogen-Gibco (USA).  

 
3.2. Cell culture and transfection 

The KATO III cells were grown in RPMI-1640 
culture medium supplemented with 10% heat-
inactivated FBS and 100 U/mL antibiotic solution 
(Pen/Strep). The cells were then maintained at 37˚C 
with 5% CO2, and after reaching 90% confluency, the 
KATO III cells were transfected with scrambled 
negative controls (si-NC) and ANRIL siRNA (si-
ANRIL) by Lipofectamine™2000 reagent in order to 
suppress the expression of ANRIL in cells.  Table 1 
tabulates the si-ANRIL and si-NC sequences.   

 
3.3. Cell proliferation assay  

Trypan blue exclusion assay was employed to 
assess the anti-proliferative effects of si-ANRIL and 
si-NC on KATO III cells. The viable cells were counted 
by hemocytometer under the light microscope by 
conducting the trypan blue dye exclusion experiment. 

 
3.4. MTT assay 

The viability of KATO III cells was evaluated by 
MTT assay, and the cultured cells were assigned 
into three groups of DOX (cells were exposed to 
different concentrations of DOX [0-4 µM]), DOX+si-
NC (cells were exposed to DOX plus si-NC), and 
DOX+si-ANRIL (cells were exposed to DOX plus si-
ANRIL). After 48 h, the medium was replaced by 
fresh medium comprising 5 mg/mL (20 µl)  
MTT solution and maintained for other 4 h. 
Subsequently, 150 µl DMSO was used for dissolving 
the formed crystals of formazan. The absorbance of 
triplicate experiments was detected at 490 nm. In 
addition, the synergistic inhibitory impact of DOX 
and si-ANRIL combination was assessed by the 
coefficient of drug interaction (CDI) using the 
following subsequent formula: 

CDI=AB/(A×B), where A and B are the ratio of 
DOX and si-ANRIL to the control group, respectively, 
and AB signifies the relative of the co-treatment 
groups to the control group.  

3.5. RNA extraction and real-time RT–qPCR 
Total cellular RNA (1.5 µg) of all groups was 

extracted from KATO III gastric cancer cells with 
Bioneer specific RNA extraction kit. After evaluating 
the quality and quantity of RNA samples, the RNAs 
were subjected to reverse transcription to cDNA 
using Bioneer kit following the manufacturer's 
protocols. The Q-PCR was applied using the SYBR 
Green and special primers on Rotor-Gene™ 6000 
system (Corbett Life Science, Australia). The primer 
sequence for ANRIL was as follow: (Fw) 5’-
AGGGGGTTGAAATGTGGGTG-3’, (Rv) 5’-CTTGAAAG 
TGGAGAAATAAAGTGCC-3’. 

 
3.6. Cell apoptosis evaluation  

The apoptosis in KATO III gastric cancer cells 
and cell death detection ELISA kit was used in order 
to evaluate the impacts of DOX and si-ANRIL (single 
or in combination). Following that, a density of 
1×104 cells per well was plated in 96-well 
microplates. Subsequently, the cells were exposed to 
si-ANRIL and si-NC for 48 h, and the cell death was 
evaluated by commercial ELISA kit according to the 
instructions. 

 
3.7. Wound healing assay 

Roughly, 2×104 cells were plated into 24-well 
plates and scraped with pipette tips. After washing 
with phosphate-buffered saline, the cells were 
treated with DOX, si-ANRIL, and si-NC (alone or in 
combination); moreover, they were evaluated under 
a phase-contrast microscope for 24, 48, and 72 h 
post-induction of injury. It is worth mentioning that 
the migrated cells were measured and quantified 
using the Image J software. 

 
3.8. Statistical analysis 

The data were analyzed in SPSS software (version 
21), and the results were shown as mean±SD at least 
in three replicates. The significance of variances 
between groups was calculated by ANOVA, and a p-
value less than 0.05 was considered statistically 
significant.  

 

4. Results 

4.1. Impacts of si-ANRIL on the expression levels of 
ANRIL lncRNA 

The expression levels of ANRIL lncRNA in siRNA 
transfected cells were evaluated after 24, 48, and 72 
h following transfection. The RT-qPCR results 
showed that the transfection with si-NC exerted no 
dramatic impact on the expression levels of ANRIL 
lncRNA in KATO III cells, compared to controls. As 
shown in Figure 1, the silencing of ANRIL in gastric 
cancer cells resulted in significant suppression of 
ANRIL in a time-dependent manner with a more 
inhibitory potent effect in 72 h after si-ANRIL 
transfection, compared to controls (P<0.05).    
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Figure 1. Knock-down of ANRIL lncRNA expression by specific 
siRNA in KATO III gastric cells 
The cells were transfected with si-NC or si-ANRIL for 24, 48, 
and 72 h. the relative expression of ANRIL was detected using 
RT-qPCR employing the 2-ΔΔC

T method. The data are depicted as 
mean±SD (n=4); *P<0.05. si-NC: negative control siRNA; si-
ANRIL: ANRIL siRNA. 

 
4.2. Anti-proliferative effects of si-ANRIL on KATO III 
gastric cancer cells 

The cellular viability of KATO III cells following 
transfection with si-ANRIL and si-NC was evaluated 
in 1, 2, 3, and 4 days. As shown in Figure 2, the 
transfection with si-NC did not significantly change 
the viability of gastric cancer cells. However, si-
ANRIL transfection led to significant inhibition of 
cellular viability in KATO III cells in a time-dependent 
manner (P<0.05).  
 
4.3. Potentiating impact of si-ANRIL on the DOX-
mediated cytotoxic effects in KATO III gastric cancer 
cells 

The impacts of si-ANRIL on the reversing DOX-
mediated resistant phenotype were assessed by 
comparing the DOX cytotoxicity in KATO III cells. 
 

 

Figure 2. Proliferation repression of KATO III cells exposed to 
si-NC or si-ARNIL  
Cell viability was identified using a trypan blue assay over a 
period from 0 to 4 days. The data are depicted as mean±SD 
(n=5); *P<0.05 as compared to the blank control. si-NC: 
negative control siRNA; si-ANRIL: ANRIL siRNA. 

 

Figure 3. Effect of si-ARNIL/doxorubicin on the DOX-sensitivity 
of the KATO III cells The KATO III cells were exposed to si-
ARNIL and doxorubicin for 48 h, and their viability was 
scrutinized using the MTT assay. Moreover, the interaction 
effect between si-ARNIL and doxorubicin was determined using 
CDI value. The data are depicted as mean±SD (n=5); *P<0.05 as 
compared to doxorubicin or si-ARNIL. si-NC: negative control 
siRNA; si-ANRIL: ANRIL siRNA; DOX: doxorubicin. 

 
After transfection with si-ANRIL and DOX treatment, 
the cytotoxicity was evaluated with MTT assay. As 
presented in Figure 3, DOX-mediated cellular toxicity 
was dose-dependent. Moreover, the combination 
treatment of KATO III cells with DOX and si-NC did 
not exert any significant effects on cellular viability. 
However, cellular cytotoxicity was significantly 
higher in cells exposed to the co-treatment of various 
concentrations of DOX and si-ANRIL (P< 0.05). This 
suggests that the silencing ANRIL lncRNA in KATO III 
cells results in the restoration of cancer cell 
sensitivity to DOX. More importantly, the combined 
effect of DOX and si-ANRIL was synergistic in KATO 
III cells as the CDI values were less than 1 at all 
concentrations (Figure 3).  

 
4.4. Effects of si-ANRIL on the sensitivity of KATO III 
cells to DOX-induced apoptosis 

In the next step, it was evaluated whether the 
combination of DOX and si-ANRIL increased the 
apoptosis rate of KATO III cells or not. The 
differences in the apoptosis rate of KATO III cells 
treated with si-NC and controls were not significant. 
The cell treatment with DOX or si-ANRIL (alone) 
resulted in a significant enhancement in apoptosis, 
compared to the controls (P<0.05; Figure 4). 
Combination treatment with DOX and si-ANRIL 
potently enhanced apoptosis in cancer cells vs. cells 
exposed to DOX or si-ANRIL alone (P<0.05), which 
showed that the downregulating ANRIL lncRNA in 
KAOTIII cells sensitized cells to DOX-induced 
apoptosis.     

 
4.5. Effects of si-ANRIL and DOX combination on the 
KATO III cell migration  

Wound healing techniques were used to 
investigate the combined effects of DOX si-ANRIL 
transfection on the migration capability of the KATO  
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Figure 4. Impact of si-ANRIL on doxorubicin-induced apoptosis  
The KATO III cell line was treated with doxorubicin in IC50 
value (0.5µM) after si-ANRIL transfection. At 48 h upon the 
treatment, apoptosis was detected using the ELISA cell death 
kit. The data are depicted as mean±SD (n=4); *P<0.05 as 
compared to the blank control; *P<0.05 vs. doxorubicin or si-
ANRIL alone. si-NC: negative control siRNA; si-ANRIL: ANRIL 
siRNA; DOX: doxorubicin. 

 
III cells. Accordingly, by comparing the number of 
cells in the denuded area (Figure 5), it was found that 
the migration of KATO III cells treated with DOX or si-
ANRIL (alone) was decreased, compared to the 
control cells after 24, 48, and 72 h incubation with 
more potent after 72 h (P<0.05). In addition, the 
combination of DOX and si-ANRIL resulted in a more 
potent inhibitory effect on the migration of cancer 
cells at all times (P<0.05).  

 

5. Discussion 

The present study demonstrated the efficacy of 
silencing ANRIL lncRNA in the improvement of the 
chemo-sensitivity of KATO III cells to DOX. It was 
found that the co-treatment of cancer cells with DOX 
and si-ANRIL resulted in a significant inhibition in the 
cell viability, induction in apoptosis, and suppression 
of cellular migration. Recent studies have focused on 
the involvement of various lncRNAs in the different 
aspects of cancer biology and found that lncRNAs 
are appropriate candidates for targeted cancer 
therapy (14-16). Particularly, in gastric cancer, it 
has been declared that numerous lncRNAs are 
dysregulated; therefore, they contribute to gastric 
cancer cellular proliferation, apoptosis, metastasis, 
angiogenesis, and development of drug resistance to 
conventional chemotherapeutics (17,18). The DOX 
is an important chemotherapeutic agent with potent 
anticancer effects in gastric cancer; however, the 
development of resistance to this agent strongly 
limits its efficacy in tumor cells (19). Accordingly, it 
is of huge importance to understand the molecular 
mechanism underlying DOX resistance in gastric 
cancer. Due to the critical role of lncRNAs in gastric 
cancer initiation/progression, recent studies have  
 

 

Figure 5. Knockdown of ANRIL inhibits KATO III gastric cancer 
cell migration Illustrative image of the transfected cells with si-
NC, si-ANRIL, DOX, and si-ANRIL plus DOX after 24, 48, and 72 
h. si-NC: negative control siRNA; si-ANRIL: ANRIL siRNA; DOX: 
doxorubicin. 

 
examined the involvement of these RNA molecules 
in the drug resistance in gastric cancer and found 
interesting results.  

In a study by Zhang et al., it was revealed that in the 
gastric tissues of patients with cisplatin resistance, as 
well as cisplatin-resistant cancer cells, plasmacytoma 
variant translocation 1 (PVT-1) lncRNA was 
overexpressed. Moreover, the upregulation of PVT-1 
plays a substantial role in the progression of cisplatin-
resistance in gastric tumor cells (20). Similarly, Wang 
et al. illustrated that the expression levels of MDR-
related and upregulated lncRNA (MRUL) was found to 
be high in DOX-resistant gastric cancer cells, and 
lncRNA silencing resulted in the induction of apoptosis 
through increasing DOX accumulation in cancer cells 
(21). Furthermore, the knockdown of lncRNA 
adriamycin resistance-associated was shown to 
increase cancer cells' sensitivity to adriamycin (22). 
The MEG3 upregulation resulted in a decreased 
chemosensitivity in cancer cells (23). Therefore, 
dysregulated lncRNAs have a pivotal function in drug 
resistance. 

The ANRIL as an oncogenic lncRNA was reported 
to play regulatory roles in cancer biology of various 
human malignancies, such as lung cancer, 
hepatocellular carcinoma, as well as gastric and 
ovarian malignancies (24). Kangarlouei et al. 
suggested that ANRIL was overexpressed in the 
tumor tissues of patients with gastric cancer, 
compared to adjacent normal tissues (25). In the 
same vein, Deng et al. described that ANRIL lncRNA 
was upregulated in gastric tumor cells and lncRNA 
knock-down resulted in elevated apoptosis, hindered 
tumor progression, and repressed migration of tumor 
cells (26). 

In another study by Liu et al. it was 
demonstrated that the suppression of ANRIL 
expression inhibited cell viability, migration, and 
invasion; however, it increased apoptosis via up-
regulating miR-99a (27). The results of a study by 
Lan et al. revealed that the expression levels of 
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ANRIL were markedly higher in cisplatin- and 5-FU-
resistant gastric tumor cells and tissues. More 
importantly, silencing ANRIL improved cancer cells 
sensitivity of cisplatin through downregulation of 
the key drug transporters. Similarly, it was found 
that silencing ANRIL by a specific siRNA resulted in 
decreased cellular proliferation and invasion, as 
well as increased chemosensitivity to DOX in KATO 
III gastric cancer cells.  

 

6. Conclusion 

In conclusion, it was found that the knockdown of 
ANRIL lncRNA led to effective inhibition of KATO III 
gastric cancer cell proliferation and invasion, as well 
as increased cancer cells sensitivity to DOX-induced 
apoptosis. The results of this study suggested that the 
silencing of lncRNA ANRIL could be a potential 
therapeutic strategy to trigger apoptosis and 
circumvent DOX-resistance during chemotherapy. 
However, further studies are required to explain the 
exact roles of ANRIL in developing drug resistance in 
gastric cancer.   
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