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Abstract
Introduction: 
Chemotherapy drugs 
serve as one of the 
primary treatments for 
gastric cancer. However, 
challenges, including drug 
resistance and adverse side 
effects of the chemotherapy 
drugs like cisplatin, limit 
their efficacy. Long non-
coding RNAs (lncRNAs) 
have been increasingly 
recognized as important 
regulators in oncogenesis 
and drug response. In this study, the potential effect of the long non-coding RNA LINC00162 
(PICSAR) on modulating the chemosensitivity of gastric cancer cells to cisplatin was investigated. 
Furthermore, the impact of the LINC00162 silencing on cellular responses was evaluated under two 
conditions: after the siRNA-mediated silencing of the LINC00162 alone, and after combined treatment 
with cisplatin.
Methods: Firstly, the viability of the cells following siRNA-mediated LINC00162 silencing, treatment 
with cisplatin, and the combination of both was evaluated. Half inhibitory concentration (IC50) of 
the cisplatin chemotherapy drug was assessed individually and after silencing of the LINC00162 via 
siRNA. Additionally, we investigated apoptosis, cell cycle arrest, migration, and colony formation in the 
cancer cells following the combination treatment. Finally, the effect of the combination treatment on 
the expression of the genes involved in these pathways, including BAX, BCL2, TP53, MMP-9, CASP3, 
CASP9, AKT, PI3K, and NANOG was evaluated by qRT-PCR.
Results: Findings indicated that LINC00162 silencing increased the sensitivity of the AGS gastric cancer 
cells to cisplatin and reduced the IC50 of cisplatin from 19.24 µg/mL to 14.08 µg/mL. Furthermore, 
LINC00162 siRNA induced apoptosis, increasing the apoptosis rate to 10.69% compared to 6.19% in the 
control group, and also caused sub-G1 cell cycle arrest (3.94%). This effect was significantly enhanced in 
the combination treatment group (apoptosis: 41.7% and Sub-G1 arrest: 17.3%) compared to the control 
group or either single treatment. Moreover, our study demonstrated that siRNA-mediated inhibition 
of the LINC00162, both individually and in combination with cisplatin, decreased the migration and 
colony formation ability of AGS cancer cells.
Conclusion: These findings suggest that targeting LINC00162 may potentially enhance the efficacy of 
cisplatin in gastric cancer cells and may represent a promising therapeutic strategy for gastric cancer.
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Introduction
Gastric cancer (GC), a common cancer of the 
gastrointestinal tract, is one of the most prevalent 
malignancies around the world. The 2020 GLOBOCAN 
report outlined GC as the 5th most prevalent cancer (with 
over one million new cases in 2020) and the 4th leading 
cause of cancer (769000 deaths in 2020) globally. Eastern 
Asia (Japan and Mongolia) and Eastern Europe have the 
highest incidence of GC.1 In recent years, remarkable 
advances in diagnosing and treating early GC have 
occurred. Although these advances have greatly improved 
the treatment of GC, more than half of the patients 
are still diagnosed at an advanced stage, with a poor 
prognosis.2 Diagnosis at advanced stages restricts the 
available treatment modalities. Surgery, chemotherapy, 
endoscopy, and novel targeted therapies are options 
for GC treatment.3,4 First-line treatments for GC are 
fluoropyrimidine and platinum-based chemotherapy.5 

Cisplatin (cis-diamminedichloroplatinum II) is one of 
the common first-line chemotherapy drugs for various 
cancers, including GC.6 As a platinum-based chemotherapy 
drug, cisplatin induces cytotoxicity by forming adducts 
with nuclear DNA.7 Also, cisplatin increases intracellular 
reactive oxygen species (ROS) and this generated 
oxidative stress damages cancer cells. However, cancer 
cells can ensure their survival by maintaining a balance 
between oxidative stress and antioxidant activity 
through metabolic adaptations and modulation of their 
antioxidant defense mechanisms.8 In addition, various 
factors, including epigenetic modification, signal pathway 
alteration, and cell metabolism disturbance, can lead to 
cisplatin resistance in patients.9 Due to the limitations 
of platinum-based chemotherapy drugs, an unfavorable 
prognosis, and a high incidence of GC, ongoing 
investigations aim to identify novel agents for integration 
with standard platinum-based first-line chemotherapy to 
improve patient survival.5 This combination of cisplatin 
with other therapies may also enhance efficacy and reduce 
the required dose of chemotherapy drugs.

Noncoding RNAs (ncRNAs) are classified into two 
categories: small ncRNAs (sncRNAs) and long noncoding 
RNAs.10 LncRNAs are RNAs longer than 200 nucleotides 
that do not possess protein-coding potential.11 LncRNAs 
play regulatory roles at various levels, including epigenetic, 
transcriptional, and post-transcriptional. Several studies 
have reported the role of lncRNAs in cancer. Their role 
in cancer is categorized into four actions: signal, decoy, 
guide, and scaffold.12 lncRNAs can exert an oncogenic 
or tumor suppressor role.13-15 In gastric cancer, lncRNAs 
can promote cancer progression and contribute to 
chemoresistance. They may also serve as diagnostic and 
prognostic biomarkers. For instance, Luo et al reported 
that lncRNA EIF3J-DT induces chemoresistance in 
gastric cancer.16 Another study also reported the potential 
role of PCAT1, PCAT2, and PCAT5 in GC progression. 
These lncRNAs can be utilized as poor diagnostic 
biomarkers for GC.17 LINC00162 lncRNA, also known 
as PICSAR, is a novel lncRNA which was found to have 

aberrant expression in various malignancies, including 
bladder cancer, thyroid cancer, and cutaneous squamous 
cell carcinoma.18-21 This lncRNA exerts an oncogenic role 
in these malignancies and promotes cancer progression. 
In a study on cutaneous squamous cell carcinoma, the 
high expression of the PICSAR lncRNA was observed in 
cisplatin-resistant cells. Silencing of this lncRNA inhibited 
migration, invasion, and viability of the cancerous cells. It 
was reported that PICSAR lncRNA increased resistance 
through the miR-485-5p/REV3L axis.22

In this regard, we investigated the role of LINC00162 
in the chemosensitivity of the GC cells to cisplatin. 
Furthermore, the role of LINC00162 silencing combined 
with cisplatin in viability, migration, colony formation, 
and expression of the genes involved in these biological 
functions was investigated. Our results indicated that 
siRNA-mediated silencing of the LINC00162 increased 
the sensitivity of the GC cells to cisplatin. Additionally, 
combination therapy induced apoptosis, arrested the cell 
cycle, and inhibited the migration of the GC cells.

Materials and Methods
Cell culture
The GC cell line (AGS) was purchased from the National 
Cell Bank of Iran (Pasteur Institute, Tehran, Iran) and 

What is the current knowledge?
•	 Cisplatin is first-line chemotherapy for gastric cancer, 

but resistance limits its effectiveness.
•	 Long non-coding RNAs (lncRNAs) regulate apoptosis, 

cell cycle, migration, and contribute to chemoresistance.
•	 lncRNAs like HOTAIR and ROR are linked to Cisplatin 

resistance; LINC00162’s role in the sensitivity of gastric 
cancer cells to cisplatin was unknown.

•	 The PI3K/AKT pathway and stemness factors like 
NANOG drive gastric cancer progression, metastasis, 
and drug resistance.

•	 Novel therapeutic strategies are needed to overcome 
Cisplatin resistance and improve patient survival.

What is new here?
•	 This is the first study showing silencing LINC00162 

(PICSAR) enhances Cisplatin sensitivity in AGS gastric 
cancer cells.

•	 LINC00162 silencing reduced Cisplatin IC50, 
promoted apoptosis, induced sub-G1 cell cycle arrest, 
and decreased viability.

•	 Combination treatment markedly altered the expression 
of apoptosis (BAX, BCL2, CASP3, CASP9), stemness 
(NANOG), and survival/metastasis genes (MMP-9, 
AKT, PI3K).

•	 Dual treatment suppressed migration and colony 
formation, downregulated MMP-9 and NANOG, and 
inhibited PI3K/AKT signaling.

•	 Findings suggest LINC00162 acts as an oncogene and 
propose its silencing as a potential therapeutic target to 
improve Cisplatin response.
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cultured in RPMI medium (Gibco, USA) enriched with 
FBS (Gibco, USA) and supplemented with penicillin/
streptomycin (100 U/mL and 100µg/mL, respectively). 
AGS cells were maintained in 25 cm² culture flasks and 
were kept in an incubator (37 °C and 5% CO₂). Once 
the cells achieved approximately 70% confluency, they 
were detached using 0.25% Gibco Trypsin‐EDTA and 
subsequently passaged for further culture.

Transfection efficiency
AGS cells were seeded in a 6-well plate (2.5 × 105). 
Subsequently, the cells underwent transfection with 
FITC-labeled siRNA using Lipofectamine 3000 (Thermo 
Fisher Scientific). Efficiency and transfection success 
were quantified by flow cytometry (Analyser 10, Miltenyi 
Biotec, Germany).

Dose and time optimization of the siRNA
AGS cells were seeded at a density of 2.5 × 105 in a six-
well plate and incubated for 24 h. Cells were then 
transfected with various doses of small-interfering RNA 
against lncRNA LINC00162 (synthesized by BIONEER 
company, Table 1), and negative control siRNA 
(NC, siRNA scramble without any target, sequence: 
5′-UUCUCCGAACGUGUCACGUUU-3′) using 
Lipofectamine 3000 according to the manufacturer’s 
protocol. LINC00162 expression levels were measured 
using quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) at 24, 48, and 72 hours post-
transfection to identify the optimal time for the following 
assays.

RNA extraction and qRT‑PCR
Total RNA was extracted using the Trizol kit (GeneAll, 
Korea), and RNA purity was assessed by measuring 
absorbance at 260/280 nm with a NanoDrop 
spectrophotometer (Thermo Fisher Scientific, USA). 
Complementary DNA (cDNA) was synthesized using 
the AddScript cDNA Synthesis Kit in a Bio-Rad thermal 
cycler (USA). Relative mRNA expression of the genes 
listed in Table 2 was quantified by qRT-PCR (Roche, 
Switzerland) with GAPDH as the internal control. The 
primer sequences were verified for specificity using 
NCBI’s Primer-BLAST tool.

MTT assay
To determine the half inhibitory concentration (IC50) of 
cisplatin (Sigma-Aldrich, Germany) and the effects of 
the lncRNA LINC00162 silencing on the viability and 
sensitivity of AGS cells to cisplatin, an MTT assay was 
conducted. For this purpose, the cells were seeded in a 
96-well plate (10 × 103 cells per well) and incubated for 

24 h, then treated with cisplatin (3–50 µg/mL; Sigma-
Aldrich, Germany) for another 24 h. Then, the complete 
medium and MTT solution (100 µL of complete medium 
and 50 µL of 2 mg/mL MTT, Sigma-Aldrich, Germany) 
were added to each well, and the plate was incubated 
for 4 hours. Formazan crystals were dissolved in 100 µL 
DMSO, followed by a 30 min incubation period. The 
absorbance of each well was determined at 570 nm with 
background subtraction at 620 nm, using an ELISA reader 
(Tecan, Switzerland). Additionally, MTT assays were also 
performed to measure the viability of the cells following 
LINC00162 siRNA transfection alone and in combination 
with cisplatin.

Annexin/PI apoptosis assays
Apoptosis was evaluated using the Annexin V/PI staining 
kit (Immunostep, Spain) in four groups: (1) LINC00162 
siRNA, (2) cisplatin, (3) siRNA + cisplatin, and (4) control 
(untreated and untransfected). AGS cells were seeded 
in a 6-well plate (2.5 × 105/well). Twenty-four hours 
after incubation, LINC00162 siRNA was transfected 
into AGS cells based on the optimal concentration and 
incubation time, following the manufacturer's protocol 
for Lipofectamine 3000. Cisplatin was applied to the drug 
and combination groups the next day, and the plate was 
incubated for 24 h. Subsequently, the cells were detached 
with trypsin/EDTA and stained with Annexin V/PI. 
Apoptosis rate in each group was evaluated, and the data 
were analyzed using FlowJo.

DAPI staining
Apoptosis was further examined by DAPI (4′,6‐
diamidino‐2‐phenylindole) staining to visualize 
characteristic morphological changes such as chromatin 
condensation and nuclear fragmentation. Briefly, AGS cells 

Table 1. siRNA LINC00162 sequence

lncRNA Strand Sequences

LIINC00162 Sense CUCAGACAUCUGCAGUCACUUCACA

Antisense UGUGAAGUGACUGCAGAUGUCUGAGGA

Table 2. Primer sequences

Primers Sequences

BAX Forward: 5′ GACTCCCCCCGAGAGGTCTT 3′
Reverse: 5′ ACAGGGCCTTGAGCACCAGTT 3′

BCL2 Forward: 5′ CTGTGGTCCACCTGACCCTCCGC 3′
Reverse: 5′ CGTACAGTTCCACAAAGGCATCCCAGC 3

CASP3 Forward: 5′ GGAAGCGAATCAATGGACTCTGG 3′
Reverse: 5′ GCATCGACATCTGTACCAGACC 3

CASP9 Forward: 5′ CCAGAGATTCGCAAACCAGAGG 3′
Reverse: 5′ GAGCACCGACATCACCAAATCC 3′

MMP-9 Forward: 5′ CTTTGACAGCGACAAGAAGT 3′
Reverse: 5′ AGTGAAGCGGTACATAGGGT 3′

AKT Forward: 5′ AGAACGACCAAAGCCAAACACA 3′
Reverse: 5′ AGTCTGTCTGCTACAGCCTGG 3′

PI3K Forward: 5′ GAAGCACCTGAATAGGCAAGTCG 3′
Reverse: 5′ GAGCATCCATGAAATCTGGTCGC 3′

TP53 Forward: 5′ CCTCAGCATCTTATCCGAGTGG 3′
Reverse: 5′ TGGATGGTGGTACAGTCAGAGC 3′

NANOG Forward: 5′ CTAAGAGGTGGCAGAAAAACA 3′
Reverse: 5′ CTGGTGGTAGGAAGAGTAAAGG 3′

LINC00162 Forward: 5′ GCTCTAACTCAGGGCTCCA 3′
Reverse: 5′ TGCTCCCCACCTAAGCAATG 3′

GAPDH Forward: 5′ CAAGATCATCAGCAATGCCT 3′
Reverse: 5′ GCCATCACGCCACAGTTTCC 3′
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(10 × 103/well) were seeded in a 96-well plate, transfected 
with LINC00162 siRNA, and treated with cisplatin after 
24 h. Twenty-four hours after treatment, the cells of 
each group were fixed with 4% paraformaldehyde. Cells 
were washed multiple times with PBS and permeabilized 
with 0.1% Triton X-100 for 15 minutes. Another PBS 
wash was performed in the following step, and fixed cells 
were stained with 100 µL of 0.1% DAPI solution (Sigma-
Aldrich, MO). Morphologic changes of each group were 
monitored by the Cytation 5 fluorescence imaging system 
(BioTK).

Cell cycle assay
Cell cycle profile of the AGS cells following LINC00162 
silencing and cisplatin treatment was assessed by flow 
cytometry. A total of 2.5 × 105 cells were seeded into each 
well of a 6-well plate. After 24 hours, LINC00162 siRNA 
was transfected into the related groups, and after 24 h, the 
cells were treated with cisplatin. Cells were collected after 
24 h of incubation and subsequently fixed overnight in 
80% ethanol at −20 °C. The cells were incubated for 30 
minutes in 500 µL of PBS containing 1 mg/mL RNase A. 
Afterward, the pellet was resuspended in 500 µL of cold 
PBS containing DAPI and Triton. Cell cycle arrest and 
progression were examined using flow cytometry, and 
data were analyzed by FlowJo.

Wound healing assay
The wound healing assay, also known as the scratch assay, 
was used to determine the migration of the AGS cancer 
cells. For this purpose, AGS cells (1.5 × 105 /well) were 
seeded in six-well plates, transfected with LINC00162 
siRNA, and treated with cisplatin. A wound in the 
culture cells was simulated by creating a scratch across 
the surface of the cell monolayer. A sterile pipette tip 
created this scratch. The plates were subsequently imaged 
using an inverted light microscope at 0, 24, and 48 h after 
treatment. Cell migration was assessed by observing the 
accumulation of cells within the gap area and comparing 
treatment groups to the control group.

Colony formation assay
The ability of AGS cells to form colonies after the siRNA-
mediated silencing of LINC00162 lncRNA and treatment 
with cisplatin, compared with the control group, was 
assessed using a colony formation assay. For this assay, 
we used a 12-well plate (3 × 10³ cells per well), which 
was incubated for 10 days following transfection with 
siRNA and treatment with cisplatin. After an incubation 
period, the cells were washed with PBS and fixation of the 
AGS cells was performed using 4% paraformaldehyde. 
Fixed cells were stained with 0.5% crystal violet for 30 
minutes. Following a final wash, formed colonies in each 
experimental group were photographed.

Statistical analysis
Statistical analysis was performed using GraphPad 
Prism software (Version 9, CA, USA). The experiments 

were conducted in technical triplicate, and all data are 
presented as mean ± standard error (SE). T-test and 
one-way ANOVA were used to compare the means 
between experimental groups. Statistical significance was 
considered as a p-value less than 0.05.

Results
siRNA was successfully transfected into AGS cells
Quantitative assessment via flow cytometry demonstrated 
that FITC-labelled siRNA was successfully internalized 
by the AGS cell line. The measured transfection 
efficiency reached 88.1%, a significant increase over 
the untransfected control. These data confirm the high 
efficacy of Lipofectamine and the successful transfection 
of the FITC-labelled siRNA into AGS cells (Fig. 1A).

LINC00162 siRNA transfection reduced LINC00162 
expression in AGS cells
To determine the optimal dose for the transfection, AGS 
cells were transfected with varying doses of LINC00162 
siRNA (20, 50, and 80 pmol). According to qRT-PCR 
results (Fig. 1B), a significant reduction in LINC00162 
expression was seen in all doses. While there was no 
significant difference between 20 and 50 pmol, 80 pmol 
reduced the expression of LINC00162 more significantly 
compared to the untransfected control group (95% 
CI = 0.166 to 0.267, P < 0.0001), 20 pmol (95% CI = 0.0163 
to 0.117, P < 0.05), and 50 pmol (95% CI = 0.05932 to 
0.1607, P < 0.001). Also, among various transfection 
times, including 24, 48, and 72 h, 48 h was confirmed to 
be the best period for siRNA activity (Fig. 1C). 80 pmol 
and 48 h were determined as the effective dose and time 
for the subsequent experiments.

siRNA-mediated suppression of LINC00162 reduced the 
viability of AGS cells
MTT assay showed the viability of the AGS cells following 
each treatment. The data obtained indicated that 
transfection with NC had no significant effect on cell 
viability compared to the untransfected control group. 
Silencing of the LINC00162 via siRNA significantly 
reduced AGS cell viability (Fig. 2A, 95% CI = 11.06 to 
32.57, P < 0.01 and 95% CI = 3.113 to 24.62, P < 0.05, 
respectively) compared to the control and NC group.

LINC00162 lncRNA inhibition increased cisplatin 
sensitivity in AGS cells 
The IC50 value of cisplatin was assessed using the 
MTT assay, both for the drug alone and after silencing 
LINC00162 via siRNA. For this purpose, the AGS cells 
were treated with various doses of cisplatin (3 to 50 µg/
mL). The viability of the AGS cells decreased in a dose-
dependent manner following treatment with cisplatin. 
While the IC50 of the cisplatin alone was reported as 19.24 
µg/mL, transfection of LINC00162 siRNA reduced the IC50 
of the cisplatin to 14.08 µg/mL. The results indicate that 
siRNA-mediated silencing of the LINC00162 increased 
the sensitivity of the AGS cells to cisplatin, resulting in 
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reduced IC50 dose (Fig. 2B).

LINC00162 silencing significantly enhanced the 
apoptotic effects of cisplatin in AGS cells
The induction of apoptosis following LINC00162 

silencing and cisplatin treatment was investigated using 
AnnexinV/PI staining. Following transfection with 
LINC00162 siRNA, AGS cells were treated with a dose 
less than IC50 of cisplatin. Compared to the control 
group, which showed a 6.19% apoptosis rate, both single 

Fig. 1. A. Successful introduction of the FITC-labeled siRNA into AGS cells was confirmed with high delivery rate of 88.1%. B. The most notable decrease 
in LINC00162 expression within the AGS cell line was observed at 80 pmol concentration. C. siRNA transfection with 80 pmol suppressed LINC00162 
expression effectively 48 h after transfection (****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05, and ns = not significant).

Fig. 2. MTT assay evaluated the viability of the cells after each treatment. (A) Suppression of LINC00162 expression significantly reduced the viability of the 
AGS cells (**P < 0.01, *P < 0.05, and ns = not significant). (B) The MTT assay revealed that siRNA-mediated LINC00162 silencing increased the sensitivity 
of the AGS cells to the cisplatin chemotherapeutic drug and decreased the IC50 of the drug from 19.24 µg/mL to 14.08 µg/mL.
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treatments increased cell death. This rate increased to 
10.69% following LINC00162 siRNA transfection and to 
16.40% after cisplatin treatment. These findings indicate 
that combination of the LINC00162 silencing and 
cisplatin treatment enhanced apoptosis rate to 41.7% and 
significantly increased apoptosis induction compared to 
the control group (P < 0.0001) and individual treatments 
(P < 0.0001) (Fig. 3A).

DAPI staining was also conducted to observe chromatin 
fragmentation of AGS cells following LINC00162 
silencing and cisplatin treatment. The obtained results 
showed more fragmented cells in the group that received 
the combination treatment relative to those treated with 
either agent individually or the untreated control group 
(Fig. 3B). 

Also, the investigation of apoptotic gene expression 
using the qRT-PCR assay showed a slight upregulation in 
the expression of the BAX following siRNA transfection; 
this change was not statistically significant (95% 
CI = -1.134 to 0.1809, ns). While cisplatin treatment 
significantly increased expression of the BAX (95% 
CI = -1.738 to -0.422, P < 0.01), a significant increase in 
the fold change levels of the BAX was observed following 
combination treatment (95% CI = -6.251 to -4.936, 
P < 0.0001) (Fig. 4A). Furthermore, LINC00162 silencing 
did not significantly alter the expression of CASP3 relative 
to the control group. In contrast, the same treatment 
significantly upregulated CASP9 (95% CI = -1.183 to 
-0.0972, P < 0.05). Also, cisplatin treatment significantly 
increased the expression of the CASP3 (95% CI = -2.189 to 

Fig. 3. Combined treatment promotes apoptosis in AGS cells. (A) Combination of LINC00162-siRNA and cisplatin treatment significantly increased 
apoptosis rate in AGS cells (**P < 0.01, ****P < 0.0001, and ns = not significant). (B) DAPI staining was utilized to track chromatin fragmentation.
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-0.817, P < 0.001) and CASP9 (95% CI = -1.469 to -0.383, 
P < 0.01) genes compared to the untreated control group. 
Furthermore, significant upregulation in the expression 
of CASP3 and CASP9 compared to individual treatments 
and the control group was observed following combined 
silencing of LINC00162 and treatment with cisplatin 
(Fig. 4C and 4D). Furthermore, BCL2 mRNA levels were 
significantly reduced in response to both LINC00162 
silencing (95% CI = 0.356 to 0.4974, P < 0.0001) and 
cisplatin treatment (95% CI = 0.746 to 0.887, P < 0.0001). 
Also, the combination treatment resulted in a significantly 
greater decrease in Bcl-2 expression than LINC00162 
silencing or cisplatin treatment alone. (Fig. 4B).

The combination of LINC00162 silencing and cisplatin 
treatment induced cell cycle arrest at the Sub-G1 phase 
in AGS cells
Cell cycle arrest following each treatment and their 
combination was investigated by Flow cytometry. 
According to the results, siRNA-mediated downregulation 
of the LINC00162 increased the population of the sub-G1 
arrested cells from 1.46% in the control group to 3.94%. 
Cisplatin treatment increased the percentage of the cells 
arrested in the Sub-G1 phase to 11.3%. Additionally, the 
combination of both treatments significantly increased 
the number of cells in the sub-G1 phase, reaching 17.3%. 
The percentage of arrested cells in the combination 
treatment group was significantly higher compared to the 

Fig. 4. Effect of combination treatment on the expression of the apoptosis-related genes. Combination therapy significantly increased the expression of the 
BAX, CASP3, CASP9, and decreased Bcl-2 mRNA levels (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns = not significant).
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siRNA transfection and cisplatin treatment alone (95% 
CI = -16.43 to -11.59, P < 0.0001 and 95% CI = -8.775 to 
-3.932, P < 0.001, respectively) and the control group (95% 
CI = -18.87 to -14.03, P < 0.0001). The results showed that 
cisplatin and siRNA LINC00162 combination therapy 
increase Sub-G1 arrested cells (Fig. 5).

qRT-PCR was used to evaluate mRNA levels of the 
TP53 gene. As shown in Fig. 5B , although LINC00162 
silencing increased the expression of the TP53 gene, 
this upregulation did not reach statistical significance 
relative to the control group (95% CI = -3.172 to 0.098). 
Additionally, a significant increase in the expression of 

Fig. 5. The effect of LINC00162-siRNA and cisplatin combination on the cell cycle progression. (A) siRNA-mediated downregulation of the LINC00162, 
combined with the cisplatin treatment, arrested AGS cells in the sub-G1 phase. (B) Combined group of LINC00162 and cisplatin significantly increased 
the mRNA level of the TP53 gene compared to individual treatment and the control group (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns = not 
significant)
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the TP53 was observed in the cells treated with cisplatin 
(95% CI = -7.619 to -4.348, P < 0.0001) and those that 
received combination treatment (95% CI = -11.40 to 
-8.128, P < 0.0001).

LINC00162 downregulation and cisplatin treatment 
decrease the migration ability of the AGS cells
A wound healing assay was performed to assess the 
migration ability of the AGS gastric cancer cells following 
each treatment. A significant reduction in migration and 
viability of AGS cells was observed 48 hours following co-
treatment with LINC00162 siRNA and cisplatin (Fig. 6A). 
The migration of the cells transfected with LINC00162 
siRNA was also reduced compared to the control group. 
However, this reduction was more in the cisplatin-treated 
alone and the combination group (Fig. 6A).

To confirm scratch assay findings, we assessed 
the expression of the MMP9 gene, a key regulator of 
cell migration. qRT-PCR analysis revealed that both 
LINC00162 silencing (95% CI = 0.656 to 0.804, P < 0.0001) 
and cisplatin treatment (95% CI = 0.609 to 0.757, 
P < 0.0001) significantly reduced MMP9 expression in 
AGS cells. Moreover, the combination of these therapeutic 
approaches led to a markedly greater suppression of 
MMP9 expression compared to the control group (95% 
CI = 0.846 to 0.993, P < 0.0001) and each treatment group 
(P < 0.001 and P < 0.0001) (Fig. 6B).

LINC00162 downregulation and cisplatin treatment 
reduced the colony formation ability of the AGS cells
The clonogenic ability of AGS cells was evaluated using 
a colony formation assay following treatment with 
LINC00162 siRNA, cisplatin, or a combination of both. 
Results indicated that LINC00162 transfection slightly 
reduced the number of colonies. Also, chemotherapy with 

cisplatin significantly reduced the number of colonies 
formed and their size. However, the number and the size 
of the colonies in the cells treated with both LINC00162 
siRNA and cisplatin were significantly reduced compared 
to individual treatments (Fig. 7A).

For confirmation of colony assay results, we evaluated 
expression of the NANOG, which is a key stem cell marker. 
Although LINC00162 siRNA decreased the expression of 
this gene, these changes were not significant compared 
to untreated and untransfected cells (95% CI = −0.028 
to 0.188). Cisplatin treatment of the cells significantly 
reduced the expression of NANOG compared to the 
control group (95% CI = 0.192 to 0.408; P < 0.0001). 
AGS cells that received combination therapy, however, 
displayed a greater decrease in expression of this gene 
(95% CI = 0.562 to 0.778; P < 0.0001). The findings suggest 
that siRNA-mediated downregulation of LINC00162 
increases the sensitivity of cells to cisplatin, which, in 
combination with this chemotherapy drug, decreases the 
stemness ability of the AGS gastric cancer cells (Fig. 7B).

Cisplatin treatment combined with LINC00162 
downregulation decreased AKT and PI3K expression
We further assessed the expression level of the AKT gene, 
a key regulator implicated in cell survival, metastasis, 
and chemosensitivity in GC. Both LINC00162 (95% 
CI = 0.0228 to 0.264, *P < 0.05) silencing and cisplatin 
treatment (95% CI = 0.129 to 0.370, ***P < 0.001) 
independently reduced AKT mRNA expression compared 
to the control group (Fig. 8). Notably, the combination 
therapy resulted in a more significant downregulation of 
AKT expression than either treatment alone or the control 
group (95% CI = 0.499 to 0.7405, P < 0.0001, Fig. 8A). 
Furthermore, a modest reduction in the expression of the 
PI3K was observed following lncRNA silencing; however, 

Fig. 6. Effect of combined LINC00162 silencing and cisplatin on cell migration. (A) After 48h, siRNA-mediated silencing of the LINC00162 combined with 
cisplatin significantly reduced the migration of the AGS cells. (B) qRT-PCR results illustrated that LINC00162 and cisplatin cooperatively downregulated the 
expression levels of metastasis-related genes MMP-9 (***P < 0.001, ****P < 0.0001, and ns = not significant).
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this reduction was not statistically significant. Cisplatin 
treatment also significantly reduced the expression 
of PI3K. Additionally, when cisplatin treatment was 
combined with LINC00162 silencing, expression of PI3K 
was reduced considerably compared with either treatment 
alone (Fig. 8B).

Discussion
Gastric cancer, with a 32.4% survival rate, is the fourth 
most deadly cancer all around the world.23 It is a 
heterogeneous and aggressive disease resulting from 
multiple interactions among genetic, environmental, and 
host factors.24 Depending on the tumor stage, treatment 

effectiveness and treatment strategy will differ. Metastasis 
can occur in advanced gastric cancers, which reduces 
the overall prognosis. In recent years, extensive research 
efforts have focused on enhancing the prognosis of GC 
patients, leading to the development of neoadjuvant 
chemotherapy, radiotherapy, and molecular-targeted 
therapies as effective treatment strategies.25 Cisplatin, 
a platinum-based chemotherapy drug, is being utilized 
against various cancers and is a first-line drug for patients 
with advanced GC.26 Cisplatin disrupts the structure of the 
DNA by forming interstrand and intrastrand crosslinks. 
Cellular proteins repair these DNA damages. Increased 
repair of these damages can lead to cisplatin resistance.27 

Fig. 7. Effect of the combination therapy on the clonogenic ability of AGS cells and expression of the NANOG gene. (A) LINC00162 silencing and cisplatin 
treatment reduced colony number and size. (B) Effect of the siRNA-mediated silencing of the LINC00162 and cisplatin treatment on the expression of the 
NANOG (***P < 0.001, ****P < 0.0001, and ns = not significant).

Fig. 8. AKT and PI3K mRNA expression levels following LINC00162-siRNA transfection and cisplatin treatment. Combination therapy significantly decreased 
AKT and PI3K mRNA levels (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns = not significant).
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A considerable proportion of cancer patients eventually 
develop resistance to cisplatin. Intrinsic and extrinsic drug 
resistance can reduce the effectiveness of chemotherapy 
drugs. Mechanisms of chemoresistance include increased 
drug efflux, the ability of the GC cells to repair anticancer 
drug-induced DNA damage, and modulation of apoptotic 
genes.28 Hence, investigating underlying mechanisms 
and developing novel strategies is essential to overcome 
chemoresistance.

Various studies indicated that lncRNAs play a key role 
in tumor physiology and pathology by regulating the 
expression of various genes and modulating biological 
pathways, including apoptosis, cell cycle, migration, 
and metastasis.29 Studies also investigated the role of 
the lncRNAs in the chemosensitivity of the cancerous 
cells. For instance, a recent study conducted in 2025 
reported increased sensitivity to 5-FU following silencing 
of the LINC02323 in gastric cancer cells. This lncRNA 
negatively regulates miR-139-3p and, in this way, 
modulates the sensitivity of the gastric cancer cells to 
5-FU.30 LncRNA DLEU2, which is upregulated in gastric 
cancer cells and tumors, is involved in Taxol resistance 
of gastric cancer cells. Bioinformatic analysis indicated 
that this lncRNA sponges miR-30c-5p. Downregulation 
of the LncRNA DLEU2 or overexpression of the miR-
30c-5p increased Taxol sensitivity of gastric cancer cells.31 
Wang et al reported that downregulation of ROR lncRNA 
in gastric cancer cells reduced expression of the MRP1 
and MDR genes and increased apoptosis. Also, depletion 
of ROR lncRNA increased the sensitivity of the cells to 
Adriamycin and Vincristine.32 Furthermore, another 
study reported that upregulation of HOTAIR lncRNA 
promotes cisplatin resistance in gastric cancer cells, while 
reducing the expression of HOTAIR, sensitizes gastric 
cancer cells to cisplatin.33 In our study conducted on 
thyroid cancer cells, LINC00162 silencing increased the 
sensitivity of cancerous cells to sorafenib and increased the 
apoptosis rate in cancer cells individually and combined 
with chemotherapy drugs.34 Wang et al demonstrated 
the upregulation of LINC00162 in cutaneous squamous 
cell carcinoma cells. Based on their findings, LINC00162 
knockdown suppressed cisplatin resistance in cisplatin-
resistant cells and in vivo. Their study demonstrated 
that reducing LINC00162 expression could diminish 
resistance to cisplatin in these cancer cells.22 Previously 
described study by Wang et al on the effect of LINC00162 
in cutaneous squamous cell carcinoma cells and its impact 
on the cisplatin resistance of the cancer cells, paved the 
way for us to study this lncRNA further. Our study is the 
first to demonstrate the functional role of LINC00162 
in modulating chemosensitivity to cisplatin in gastric 
cancer, thereby extending the understanding of this 
lncRNA across different cancer types and tissue origins. 
Furthermore, we provide a comprehensive mechanistic 
investigation by examining multiple cellular processes, 
including apoptosis induction, cell cycle arrest, migration 
inhibition, and colony formation suppression, and their 
associated molecular pathways involving BAX, BCL2, 

TP53, MMP-9, CASP3, CASP9, AKT, PI3K, and NANOG, 
which were not explored in previous studies. 

The silencing of LINC00162 via siRNA reduced 
the viability of AGS gastric cancer cells. The IC₅₀ of 
cisplatin decreased from 19.24 µg/mL to 14.08 µg/mL 
following LINC00162 silencing, indicating enhanced 
chemosensitivity and a lower drug dose required for 
half-maximal inhibition. Our findings aligned with 
the previous study mentioned earlier in which PICSAR 
contributed to cisplatin resistance in cutaneous squamous 
cell carcinoma cells.22

We next evaluated apoptosis in AGS cells treated with 
LINC00162 siRNA, cisplatin, or their combination. 
The apoptosis rate was 6.19% in control cells, 10.69% 
after LINC00162 silencing, 16.40% with cisplatin, and 
markedly increased to 41.7% in the combined treatment 
group. To confirm the Annexin V/PI assay results, we 
analyzed apoptosis-related gene expression. One of the 
essential apoptosis regulators is the B-cell lymphoma 2 
(BCL-2) protein family. Members of this family divide 
into various subgroups and play a key role in regulating 
tumorigenesis, cell death, and responses to anticancer 
therapy. This group of proteins includes the anti-
apoptotic and pro-apoptotic proteins represented by BCL-
2 and BAX, respectively.35 Caspase-3, a cysteine-aspartic 
acid protease (caspase) family member, plays a critical 
role in the proteolytic degradation that occurs during 
apoptosis. Procaspase-3, the initial form of caspase-3, 
can be activated by Caspase-8, Caspase-9, or Caspase-10. 
Studies indicated that Caspase-3 may act as a tumor 
suppressor in human gastric cancer.36 qRT-PCR results 
supported flow cytometry findings. Based on the results, 
LINC00162 silencing alone did not significantly alter 
BAX expression but significantly downregulated BCL2. 
Combined treatment led to a notable upregulation of 
BAX and downregulation of BCL2, confirming enhanced 
apoptosis induction. Evaluation of CASP3 and CASP9 
gene expression also showed that co-treatment with 
LINC00162 siRNA and cisplatin significantly increased 
expression of these pro-apoptotic genes relative to the 
control and individual treatment groups. Consistent with 
our findings, a study conducted on Hep3B cells derived 
from hepatocellular carcinoma showed that knockdown 
of PICSAR induced apoptosis, whereas its overexpression 
decreased apoptosis, inhibited BAX, and promoted Bcl-2 
expression.37 Additionally, silencing of LINC0162 in HeLa 
cells increased the number of early and late apoptotic 
cells.38

In addition, our study demonstrated that silencing 
LINC00162 in combination with cisplatin treatment 
significantly reduced the colony formation ability of AGS 
gastric cancer cells. Consistent with our findings, PICSAR 
knockdown inhibited colony formation of hepatocellular 
carcinoma and HeLa cells.37,38 The Nanog homeobox 
(NANOG) has attracted increasing attention as a stemness 
factor involved in tumorigenesis and malignancy. 
Based on accumulating evidence, NANOG is involved 
in chemoresistance, tumorigenesis, and epithelial–
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mesenchymal transition (EMT).39 In a study conducted 
in 2010, overexpression of NANOG/NANOGP8 was 
detected in primary gastric cancer tumors.40 Another 
study investigated the expression of NANOG in 100 gastric 
cancer tumor tissues compared to the paired adjacent 
normal tissues. Researchers reported overexpression of 
NANOG in gastric cancer tumor tissues.41 Vasefifar et al 
targeted Nanog expression in MKN-45 cells. They reported 
that MDR-1 mRNA expression was significantly reduced 
after Nanog downregulation, and cisplatin sensitivity 
was increased in MKN-45 cells.42 In our findings, while 
silencing of LINC00162 alone did not significantly alter 
the expression of the NANOG, we observed significant 
downregulation of the NANOG following combination of 
LINC00162 silencing and treatment with cisplatin.

We also analyzed cell cycle progression after individual 
and combined treatments. Flow cytometry revealed that 
LINC00162 silencing alone increased the sub-G1 cell 
population, while cisplatin treatment, alone or combined 
with LINC00162 silencing, further enhanced sub-G1 
arrest. These results are consistent with the apoptosis 
assay, confirming that LINC00162 silencing promotes 
cell death in AGS cells. Wang et al reported blockade 
of the G0/G1 phase following LINC00162 silencing in 
bladder cancer cells.19 To validate our cell cycle findings, 
we examined TP53 expression. Tumor suppressor p53 
is mutated in the early stages of gastric cancer.43 We 
examined that while LINC00162 silencing and cisplatin 
treatments individually increased expression of the TP53, 
this alteration was not significant in the LINC00162 
siRNA-treated group. However, combination treatment 
significantly restored TP53 expression.

We also assessed the effects of LINC00162 silencing 
and cisplatin on AGS cell migration and invasion. 
Wound healing assays showed that both LINC00162 
siRNA and cisplatin individually reduced cell migration, 
with the combination treatment producing a more 
pronounced inhibitory effect. Matrix metalloproteinases 
(MMPs), which break down proteins in the structure of 
the extracellular matrix (ECM), are involved in various 
processes, including cell migration.44 Liu et al reported the 
accumulation of tumor-associated macrophages (TAMs) 
in gastric cancer. They reported that TAMs promote 
gastric cancer metastasis by secreting MMP-9, which 
induces metastasis via the PI3K/AKT/Snail signaling 
pathway. Inhibition of MMP-9 decreased metastasis 
through suppression of the EMT process.45 In this regard, 
we evaluated the expression of the MMP-9 gene. Although 
both lncRNA silencing and cisplatin treatment decreased 
mRNA levels of the MMP-9 gene, this downregulation was 
significantly more in the combination treatment group. 
Similar to our findings, a study conducted in cutaneous 
squamous cell carcinoma cell lines reported a significant 
decrease in cell migration following knockdown of 
PICSAR expression.46 Also, Luo et al's study in gastric 
cancer cells showed downregulation of the MMP-9 and 
reduced progression of the gastric cancer cells following 
knockdown of the LINC00483.47

The PI3K/Akt/mTOR pathway is one of the essential 
pathways playing a role in metastasis, survival, and 
resistance to chemotherapy in gastric carcinoma.48 As 
mentioned earlier, MMP-9 can induce metastasis of 
gastric cancer cells through the PI3K/AKT/Snail signaling 
pathway. The role of AKT in the chemosensitivity of 
gastric cancer cells to cisplatin was also demonstrated 
by Tao et al. Their findings indicated that inhibition of 
the AKT using MK-2206 enhances the cytotoxic effect 
of cisplatin and increases the apoptosis rate in AGS 
cells.49 Furthermore, a study reported higher expression 
of PI3K/AKT/mTOR signaling pathway proteins in 
cisplatin-resistant AGS gastric cancer cells. Silencing of 
the LncRNA CCAT1 increased the sensitivity of the AGS 
cells to cisplatin, induced apoptosis, and reduced the 
expression of PI3K/AKT/mTOR proteins.50

 In line with these observations, the current study 
investigated AKT and PI3K mRNA levels in AGS 
gastric cancer cells. The results showed that while the 
siRNA-mediated silencing of LINC00162 and cisplatin 
treatments separately decreased the expression of the 
AKT and PI3K genes, the expression of these genes was 
significantly lower in the combination treatment group 
compared to individual treatments and the control group. 
Furthermore, while LINC00162 silencing decreased the 
expression of these genes, the downregulation of PI3K 
was not significant. 

Consistent with our findings, recent evidence further 
underscores the pivotal role of PI3K/Akt signaling 
in mediating drug resistance. Wang et al identified 
LINC00665 as a key oncogenic lncRNA contributing 
to trastuzumab resistance and tumorigenesis in gastric 
cancer via the PI3K/Akt pathway. LINC00665 was shown 
to sponge miR-199b-5p, upregulate SERPINE1 expression, 
and increase AKT phosphorylation, ultimately activating 
the PI3K/Akt pathway and promoting drug resistance.51 

Similarly, PICSAR has been reported to function as an 
oncogene in hepatocellular carcinoma (HCC) by acting as 
a molecular sponge for miR-588. This interaction leads to 
upregulation of EIF6 expression, which in turn activates 
the PI3K/AKT/mTOR signaling pathway.37 Collectively, 
these findings support that silencing LINC00162 may 
enhance the efficacy of cisplatin through suppression of 
the PI3K/Akt signaling cascade.

Conclusion
For the first time, our pioneering research explored the 
impact of silencing LINC00162 via siRNA in conjunction 
with cisplatin on AGS gastric cancer cells. Collectively, 
these findings suggest that LINC00162 may function as 
an oncogene, and its inhibition significantly increased 
the susceptibility of AGS cells to cisplatin treatment. 
Furthermore, the combination treatment appeared to 
decrease cancer cell viability, induce apoptosis, inhibit 
progression, and cause cell cycle arrest. The evaluation of 
gene expression related to these biological processes also 
confirmed these findings. While LINC00162 siRNA alone 
had no significant effect on the expression of the BAX, 
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CASP3, and TP53, the combination of the LINC00162 
silencing and cisplatin treatment significantly altered 
the expression of these genes. AGS gastric cancer cells 
showed a reduction in migration and colony formation 
ability following LINC00162 silencing. This effect was 
also observed in the cells treated with cisplatin and those 
receiving the combination treatment. These results were 
in line with qRT-PCR assay findings, which showed 
reduced expression of the migration gene, MMP-9 and 
stemness gene, NANOG. Furthermore, our study revealed 
the role of LINC00162 in gastric cancer progression by 
decreasing AKT expression. In conclusion, these findings 
suggest that combining of LINC00162 silencing with 
cisplatin may represent a promising strategy for gastric 
cancer intervention and could improve patient survival.

However, this research has some limitations that need 
to be investigated in future studies. The experiments were 
performed in a single cell line under in vitro conditions, 
which may not fully reflect the tumor heterogeneity 
of the patients. Moreover, analyzing the expression 
of the proteins with a Western blot assay may help 
better understand the involvement of various signaling 
pathways. Therefore, future studies should validate 
these findings in multiple cell lines and in vivo models, 
and further investigate the upstream and downstream 
signaling pathways associated with LINC00162 to define 
its therapeutic potential in gastric cancer better.
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