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Abstract
Gastric cancer, as the fifth most frequent disease and the fourth foremost cause of cancer-related death worldwide, remains 
a main clinical challenge due to its poor prognosis, limited treatment choices, and ability to metastasize. Combining siRNAs 
to suppress lncRNA with chemotherapeutic medications is a novel treatment approach that eventually increases the thera-
peutic efficacy of the drug while lessening its adverse effects. This study was performed with the purpose of examining the 
impact of inhibiting DLGAP1-AS2 expression on gastric cancer cells’ drug chemosensitivity. AGS cells were cultured as the 
study cell line and were transfected with an optimum dose of DLGAP1-AS2 siRNA and then treated with oxaliplatin. Cell 
viability was examined using the MTT technique. Apoptosis and cell cycle were evaluated using Annexin V/PI staining and 
flow cytometry. Later, the scratch test was conducted to investigate the ability of cells to migrate, and the inhibition of the 
stemness of AGS cells was further investigated through the colony formation method. Finally, the qRT-PCR technique was 
used to assess the expression of Bax, Bcl-2, Caspase-3, p53, MMP-2, and CD44 genes. The MTT test indicated the effect of 
gene therapy with siRNA and oxaliplatin in combination reduced the chemotherapy drug dose to 29.92 µM and increased 
AGS cells’ sensitivity to oxaliplatin. Also, the combination therapy caused a significant increase in apoptosis. However, it 
reduced the stemness feature, the rate of cell viability, proliferation, and metastasis compared to the effect of each treatment 
alone; the results also showed the arrest of the cell cycle in the Sub G1 phase after the combined treatment and a further 
reduction in the number and size of the formed colonies. Suppressing the expression of lncRNA DLGAP1-AS2 by siRNA 
followed by treatment with oxaliplatin can be utilized as an effective and new therapeutic technique for gastric cancer therapy.
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Introduction

Gastric cancer (GC), one of the deadliest cancers, is the fifth 
most common cancer and the fourth reason of death world-
wide in that genetic and environmental factors influence its 
growth (Sung et al. 2021). Gastritis of the stomach membrane 
is prone to inflammation and can lead to stomach ulcer and 
subsequently cause stomach cancer (Gao et al. 2018). Approx-
imately 90% of gastric cancers are adenocarcinomas with the 

origination of the gastric mucosa, which are differentiated 
into two subgroups, intestinal and diffuse, based on Lauren’s 
system (Karimi et al. 2014; Machlowska et al. 2020). Most 
GCs occur in the distal part of the stomach (non-cardia GC), 
while about 18% happen in the cardia (cardia GC) (Morgan 
et al. 2022). Treatment of GC is highly dependent on tumor 
location and size, which gets more complicated as cancer pro-
gresses and spreads to other organs such as the liver, lungs, 
and bones. Chemotherapy, radiotherapy, surgery, immuno-
therapy, and targeted therapy are all effective treatments for 
gastric adenocarcinoma. These methods can be utilized inde-
pendently or in combination with other methods (Joshi and 
Badgwell 2021; Society, A.C. Stomach Cancer n.d.).

Oxaliplatin is used as antineoplastic medication in chem-
otherapy treatments for cancer. In all tissues, oxaliplatin is 
dispersed after becoming bonded to plasma proteins. This 
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medication has non-specific cell cycle toxicity and is an 
alkylating agent. Following the medication’s platinum com-
plex binding to DNA, cross-links between adjacent guanines 
or guanine and adenine are formed. Cell death is eventu-
ally brought on by these linkages, which stop DNA replica-
tion, transcription, and cell cycle arrest (André et al. 2004; 
Devanabanda and Kasi 2022). Resistance to chemotherapy 
is the most frequent occurrence that reduces the treatment 
efficacy. Novel targeted cancer therapies are made possi-
ble by genome editing technology that is more precise and 
quicker. By decreasing the regulation of mutant genes and 
turning off undesirable gene expression, siRNA-based gene 
therapy inhibits tumor cell proliferation and invasion (Singh 
et al. 2018; Biagioni et al. 2019).

It has been demonstrated that silencing many lncRNAs 
can be effectively accomplished by siRNAs with a length 
of 19 to 30 nucleotides (Cantile et al. 2020). LncRNAs are 
long noncoding RNAs that often have poly-A tails and 5′ 
caps and are over 200 nucleotides long. LncRNAs can act as 
tumor suppressors or oncogenes, participate in a variety of 
tumor signaling pathways, and have an aberrant or dysregu-
lated expression that interferes with a variety of cellular pro-
cesses, making them prospective targets for cancer therapy 
(Gutschner and Diederichs 2012; Gu et al. 2015; Bhan et al. 
2017). The location of the lncRNA DLGAP1-AS2 is on the 
human chromosome 18p11.31, transcribed in the antisense 
of the DLGAP1 gene. Studies have revealed a considerable 
increase in the expression of DLGAP1-AS2 in gastric can-
cer tumor plasma and tissues. Consequently, inhibiting this 
lncRNA decreases the proliferation, invasion, and migration 
of gastric cancer cells (Lu 2020; Soltani et al. 2022; National 
Library of Medicine 2024). Recent research has shown a 
substantial correlation between DLGAP1-AS2 expression 
and vascular and lymphatic invasion, which promotes the 
progression and metastasis of GC (Soltani et al. 2022).

Finding a way to achieve the most impact in the shortest 
amount of time is one of the most critical concerns in can-
cer treatment. Considering these pieces of information, this 
study aimed to investigate the effect of lncRNA DLGAP1-
AS2 inhibition on GC cells’ chemosensitivity to oxaliplatin, 
the effective dose of the medication, determine the cytotoxic 
effects of chemotherapy, and also examine the synergistic 
effects of combining chemotherapy with gene therapy.

Materials and methods

TCGA gastric cancer data analysis

DLGAP1-AS2 gene expression data were gathered and 
evaluated using the UALCAN tool, used for the analysis of 
TCGA (the Cancer Genome Atlas) data related to cancer. 
The TCGA database was utilized to investigate and compare 

the expression of this gene in both normal and gastric cancer 
tissues.

Cell culture

AGS cells, selected as the studied cell line, were obtained 
from the cell bank of Pasteur Institute of Iran in the form of 
vials and stored as frozen vials in the cell bank of the Immu-
nology Research Center of Medical Sciences in Tabriz. To 
ensure the viability of the cells, they were counted through 
trypan blue staining; in the following, they cultured through 
transferring to a 25-cm2 flask filled with culture medium 
that was RPMI-1640 (Gibco, USA) including 10% fetal 
bovine serum (FBS; Gibco, USA), penicillin, and strepto-
mycin. The flask of cells was kept at 37 °C, 5% CO2, and 
95% humidity.

Transfection of siRNA DLGAP1‑AS2

The designed siRNA sequence specificity was checked using 
nucleotide blast on the human RNAseq dataset and the pow-
der form of siRNA was purchased.

The Gene Pulser electroporation device (Bio-Rad, USA) 
was used to transfect siRNA at several doses to find the most 
optimal dose of it. In the following step, transfected cells 
were seeded on different plates. One hundred picomoles of 
siRNA was utilized as the optimum concentration during 
transfection.

MTT assay

The MTT test is a technique for assessing metabolic activ-
ity and viability of cells. The basis of this technique is 
the deduction and conversion of yellow tetrazolium salt 
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) or MTT into purple formazan crystals in active cells. 
In this method, due to the tiny size of AGS cells, 15 × 103 
cells were sown in each well of a 96-well plate. The cells 
were split into three groups: the control group, which did 
not receive any siRNA transfection; the transfected group, 
which received a dose of 100 pmol of siRNA; and the nega-
tive control group, which received scramble siRNA transfec-
tion. After 24 h, the supernatant from each well was taken 
out, and the cells were then given various amounts of the 
chemotherapy medication oxaliplatin. Twenty-four hours 
following the treatment, the supernatant liquid was removed; 
50 µl of MTT solution (2 mg/ml) and 100 µl of medium 
were added to each well. For 4 h, the plate was incubated 
at 37 °C. Each well’s supernatant was discarded, 200 μL of 
DMSO was added, and re-incubation was conducted. The 
amount of light absorbed by each well was measured using 
the ELISA microplate reader device (Tecan, Switzerland) at 
wavelengths 570 and 620 nm.
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Apoptosis assay

The procedure begins with the seeding of 5 × 105 AGS cells 
into a 6-well plate in groups of transfected and non-trans-
fected cells. The 6-well plate was divided into four groups 
consisting of negative control, transfected with siRNA, 
treated with oxaliplatin, and the combination of siRNA and 
oxaliplatin. After 24 h, the IC50 dose of oxaliplatin was 
administered to treat the wells containing the drug and com-
bined treatment. After incubation, AGS cells were washed 
with PBS and then stained using the Annexin V/PI stain-
ing kit (Exbio-Czech) according to the kit protocol. Finally, 
a MACS Quant Authorized 10 flow cytometry device was 
used to determine cell apoptosis and necrosis.

Cell cycle assay

A 6-well plate was grouped into four subgroups containing 
negative control, siRNA-transfected, oxaliplatin-treated, and 
combined treatment. Afterward, 5 × 105 transfected and non-
transfected cells were seeded in respective wells. Twenty-
four hours later, the medication and combination treatment 
groups received the IC50 dose of oxaliplatin. In the next 
step of the protocol, the cells were washed with PBS, fixed 
with 70% alcohol, and left overnight at − 20 °C. After the 
requisite time, 500 µl of PBS and RNase A enzyme was 
slowly added to the cells, incubated for 30 min at 37 °C, and 
stained with DAPI. Following the incubation, the samples 
were analyzed using a MACS Quant Authorized 10 flow 
cytometry device.

Wound healing assay

Cancer cell migration and invasion was checked through 
the wound healing assay or scratch test. In order to achieve 
this, 5 × 105 transfected and non-transfected AGS cells per 
well, consisting of negative control, gene therapy, oxalipl-
atin drug, and combined treatment group, were seeded in a 
6-well plate. After 24 h of incubation, the drug and com-
bination treatment groups were treated with IC50 dose of 
oxaliplatin. After that, a linear scratch was made along all 
the wells with the tip of a sterile yellow pipette tip of a sam-
pler. In order to evaluate the ability of cells to migrate from 
the edge of the scratch to the middle space, photographs 
were taken of the wells at 0, 24, and 48 h using an inverted 
microscope (OPTIKA, Italy).

Colony formation assay

In this technique, for the purpose of examining colony 
formation in cancer cells, first, transfected and non-trans-
fected AGS cells were seeded in their respective groups in 
a 6-well plate. Next, the plate was categorized into negative 

control, siRNA-transfected, drug-treated, and combination 
treatment groups. The cells were given the optimum dose 
of oxaliplatin following incubation at 37 °C and 5% CO2. 
The medium’s quality and colony formation process were 
compared daily with the control group while the plate was 
incubated for 10 days. In addition, the colonies were PBS-
washed and fixed with paraformaldehyde, crystal violet was 
used to stain them, and they were incubated for 30 min. In 
the last step, the AGS cells’ potential to form colonies was 
analyzed through taking pictures of the wells.

Quantitative real‑time PCR

The 5 × 105 siRNA-transfected and non-transfected cells were 
seeded into four groups: negative control, siRNA transfected, 
oxaliplatin treated, and combination treatment in a 6-well plate 
and treated with the drug. The purity and concentration of the 
extracted RNA were determined utilizing a nanodrop device 
(DeNovix, USA) at a wavelength of 260 nm. The following 
phase was complementary DNA synthesis (cDNA), which 
was done by Addbio kit to assess the relative expression of 
linked genes. The expression of target genes, such as MMP-2, 
Bax, Bcl-2, Caspase-3, CD44, and P53, was investigated with 
the StepOnePlus real time PCR machine (Thermo Fisher Sci-
entific, USA) and using 2 × Real-Time Master Mix (BioFact, 
South Korea). Analysis of the target genes’ expression was 
performed using the obtained CTs and the equation 2−ΔΔCt. 
The internal control gene for this experiment was GAPDH. 
The sequences of utilized primers are listed on Table 1.

Statistical analysis

This study’s tests were conducted in triplicate. Data analysis 
was carried out using FlowJo, GraphPad Prism 6, one-way 
ANOVA, two-way ANOVA, and T-tests. A statistically sig-
nificant difference was defined as a P-value of 0.05.

Results

DLGAP1‑AS2 is upregulated in gastric cancer

The findings of analyzing TCGA data with Ualcan indicated 
that stomach cancer (STAD) had a significant overexpression 
of DLGAP1-AS2 (Fig. 1A). In addition, compared to normal 
tissues, the expression of DLGAP1-AS2 was considerably 
higher in gastric cancer samples.

Cell line selection

Investigation of DLGAP1-AS2 gene expression in three cell 
lines—AGS, MKN-45, and KATO3—resulted in AGS cells 
expressing this gene at a higher level than the other two cell 
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lines. As a result, the AGS cell line was chosen to begin the 
study (Fig. 2).

Quantitative evaluation of siRNA transfection 
into AGS cells

In order to evaluate the efficacy of siRNA transfection, 
scramble siRNA containing FAM was transfected into AGS 
cells. The findings revealed a transfection effectiveness of 
approximately 99% (Fig. 3A, B).

Investigating the reduction of lncRNA DLGAP1‑AS2 
expression by siRNA at different doses and times

AGS cells were transfected with 40-, 60-, and 100-pmol 
doses of siRNA to determine the optimum dose to use at 
the proper time. Following transfection with 100 pmol 
of siRNA, DLGAP1-AS2 expression levels significantly 
decreased, according to the results of qRT-PCR; further-
more, the expression of lncRNA DLGAP1-AS2 was evalu-
ated at 24, 48, and 72 h. Based on qRT-PCR, siRNA sig-
nificantly downregulated the expression of DLGAP1-AS2 
within 48 h compared to other groups (Fig. 4A, B).

Effect of siRNA transfection alone and combined 
treatment with siRNA and oxaliplatin 
on the viability of AGS cells

The MTT test demonstrates the impact of siRNA transfec-
tion on AGS cells’ survival rate. It is also used to examine 
the toxicity of oxaliplatin and the sensitivity of AGS cells to 
the medication following siRNA-mediated knockdown and 
downregulation of the lncRNA DLGAP 1-AS2 expression. 
The analysis of the data revealed that the percentage of cell 
viability and survival was considerably reduced (**P < 0.01) 
in the group transfected with 100 pmol of siRNA compared 
to the control group (Fig. 5A). The findings of this study 
indicated the effect of siRNA transfection on reducing AGS 
cells’ survival. It also showed how siRNA-mediated reduc-
ing DLGAP1-AS2 expression further increased these cells’ 

sensitivity to oxaliplatin by decreasing the expression of the 
lncRNA DLGAP1-AS2. The IC50 for the oxaliplatin-treated 
group and combination treatment group was reported as 
54.91 µM and 29.92 µM respectively, indicating the critical 
contribution of siRNA to increasing sensitivity of gastric 
cancer cells to chemotherapy drug (Fig. 5B).

Combining DLGAP1‑AS2 knockdown 
with oxaliplatin could make AGS cells more 
vulnerable to apoptosis

Flow cytometry and annexin V/PI staining revealed that 
apoptosis rates were 16.54% in the siRNA-transfected group 
and 29.1% in the group receiving oxaliplatin treatment. In 
comparison to the control group, which had an apoptosis rate 
of 3.56%, the combined therapy group’s rate raised to 43.8%, 
which was significantly higher (Fig. 6A). Additionally, using 
qRT-PCR, genes implicated in apoptosis molecular mecha-
nisms were studied and examined. While Bcl-2 expression 
was reduced in the combination treatment group compared 
to other groups, the expression of Bax was significantly 
enhanced in the combined treatment group when compared 
to each therapy alone and the control group (Fig. 6B, C). On 
the other hand, in comparison to the individual treatment 
and control groups, the expression of Caspase-3 increased 
following siRNA transfection and when used in combina-
tion with oxaliplatin (Fig. 6D). The conclusion drawn from 
these findings points to an increase in cell death following 
simultaneous siRNA transfection and treatment with oxali-
platin. Furthermore, siRNA DLGAP1-AS2 has a crucial role 
in inducing apoptosis by increasing AGS cells’ sensitivity 
to oxaliplatin.

AGS cells arrested in the sub‑G1 phase 
through the combination of siRNA transfection 
and oxaliplatin treatment

Flow cytometry data indicated that compared to the control 
group, the siRNA transfected group had a higher percent-
age of cells in the Sub-G1 phase (5.99%). The population of 

Table 1   Primer sequence of target genes

Primer name Primer sequence

MMP-2 Forward: 5′ ATG​CAG​TGG​GGG​CTT​AAG​AAGAT 3′Reverse: 5′ ACA​AAC​AGG​TTG​CAG​CTC​TCCT 3′
Bcl-2 Forward: 5′ CTG​TGG​ATG​ACT​GAG​TAC​CTG 3′Reverse: 5′ GAG​ACA​GCC​AGG​AGA​AAT​CA 3′
Bax Forward: 5′ GAC​TCC​CCC​CGA​GAG​GTC​TT 3′Reverse: 5′ ACA​GGG​CCT​TGA​GCA​CCA​GTT 3′
Caspase-3 Forward: 5′ CAA​ACC​TCA​GGG​AAA​CAT​TCAG 3′Reverse: 5′ CAC​ACA​AAC​AAA​ACT​GCT​CC 3′
CD44 Forward: 5′ CAA​GCC​ACT​CCA​GGA​CAA​GG 3′Reverse: 5′ ATC​CAA​GTG​AGG​GAC​TAC​AACAG 3′
P53 Forward: 5′ CCT​CAG​CAT​CTT​ATC​CGA​GTGG 3′Reverse: 5′ TGG​ATG​GTG​GTA​CAG​TCA​GAGC 3′
GAPDH Forward: 5′ CCC​ATC​ACG​CCA​CAG​TTT​CC 3′Reverse: 5′ CAA​GAT​CAT​CAC​CAA​TGC​CT 3′
DLGAP1-AS2 Forward: 5′ CTA​ACT​CCT​GCC​AAC​ATC​GT 3′Reverse: 5′ CCT​TTG​TAA​GAA​TCC​ACT​TCAA 3′
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cells arrested in Sub-G1 phase grew and reached 6.05% in 
the oxaliplatin-treated group. The number of cells arrested 
in this phase increased significantly (12.6%) in the group 
that received both siRNA transfection and oxaliplatin treat-
ment (Fig. 7A). qRT-PCR was used to investigate the expres-
sion of the p53 gene, a gene associated with the cell cycle. 
According to the findings, oxaliplatin therapy, siRNA trans-
fection, and combination treatment enhanced the p53 expres-
sion level compared to the control group (Fig. 7B).

Simultaneous siRNA transfection and oxaliplatin 
treatment reduces the migration of AGS cancer cells

Pictures of migration assay showed that compared to 
the control group, both the siRNA and oxaliplatin inde-
pendently reduced the migration and invasion of AGS 
cells toward the scratch space. In addition, a significant 
reduction in the migration of cells was also observed in 
the combined treatment group (Fig. 8A). MMP-2 gene 

Fig. 1   A High expression of DLGAP1-AS2 in different cancers, especially in gastric cancer. B The expression of DLGAP1-AS2 is higher in 
stomach adenocarcinoma compared to normal samples
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expression was assessed using qRT-PCR; the results 
revealed that in two groups that had received siRNA 
transfection and oxaliplatin treatment, the expression of 
this gene had decreased. The combination therapy group 
experienced a considerable reduction than the other two 
individual groups (Fig. 8B).

The stemness feature of AGS cells is reduced 
after siRNA transfection and oxaliplatin therapy, 
and alterations in the colony formation result

Comparing the resulting images revealed that oxaliplatin 
treatment in combination with siRNA transfection remark-
ably reduced the number and size of colonies as compared 
to each group acting independently (Fig. 9A). CD44 gene 
expression as a gene involved in the stemness property was 
assessed; a significant decrease in the number and size of the 
formed colonies accompanied the reduction in the expres-
sion of this gene (Fig. 9B).

Discussion

Cancer early detection, diagnosis, and treatment have been 
the subject of numerous studies and medical advances. 
However, the disease still remains a serious threat to global 
health (Pantel et al. 2009). There are few effective ways 
to treat GC; it is typically detected at an advanced stage, 
so surgery is not advised. Additionally, the efficiency of 
chemotherapy and radiotherapy is similarly less (Ye et al. 
2020, 2021; Soltani et al. 2022). Therefore, it is essential to 
develop more specialized, innovative, and effective cancer 
treatment methods that are also achievable economically. 
Non-specific targeting of actively proliferating cells using 
monotherapy approaches results in the death of both malig-
nant and healthy cells. Basically, chemotherapy does not 
kill cancer stem cells or other resistant cancer cells because 
of this non-specific activity. Consequently, after therapy, 
the disease frequently recurs and metastasizes. Combina-
tion therapy significantly decreases toxicity by targeting 
various pathways. Because of its synergistic effect, a lower 
dose of the drug is required. Additionally, a more effective 
response can be achieved with fewer cycles of this type of 
treatment by reducing drug resistance. Furthermore, com-
bined treatment can decrease cancer stem cell numbers, 

Fig. 2   Cell line selection (**P < 0.01)

Fig. 3   A Control cells before 
transfection of siRNA. B 
Transfection efficiency in AGS 
cells with FAM primer. The 
effectiveness of transfection was 
found to be about 99%
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induce apoptosis, and arrest the cell cycle, thereby reducing 
metastasis (Mokhtari et al. 2017). Recent research revealed a 
substantial relationship between the expression of DLGAP1-
AS2 and lymphatic and vascular invasion, which induces 
the progression and metastasis of GC (Soltani et al. 2022).

Finding a procedure with the highest possible effective-
ness in the shortest amount of time is one of the most criti-
cal and main challenges in cancer treatment. We, therefore, 
provided a treatment strategy based on combination therapy 
in this study. We investigated the interaction between the 
medicine oxaliplatin and the siRNA DLGAP1-AS2 for the 
first time in this approach. At the beginning of this study, 
expression levels of DLGAP1-AS2 in different cell lines 

including MKN-45, AGS, and KATO III were evaluated 
and AGS cell line with highest expression of DLGAP1-AS2 
was chosen as the main cell lines to conduct subsequent 
experiments. According to the results of this study, DLGAP1-
AS2-siRNA can suppress the division and proliferation of 
cancer cells by time and dose. Based on the evaluation of 
the expression levels of the DLGAP1-AS2 following siRNA 
transfection, the optimal dose of siRNA DLGAP1-AS2 with 
a concentration of 100 pmol in 48 h which significantly 
reduced DLGAP1-AS2 expression, can significantly reduce 
the viability of AGS cells. Moreover, the use of oxaliplatin 
in combination with gene therapy decreased its IC50 from 
54.91 to 29.92 µM, demonstrating the synergistic effect of 

Fig. 4   A The effect of siRNA 
on the expression of lncRNA 
DLGAP1-AS2 at different doses 
of 40, 60, and 100 pmol. One 
hundred picomoles was the 
optimum siRNA concentra-
tion. B The effect of siRNA 
on the expression of lncRNA 
DLGAP1-AS2 at 24, 48, and 
72 h. It has been demonstrated 
that siRNA reduces lncRNA 
DLGAP1-AS2 expression 
in 48 h. (****P < 0.0001, 
**P < 0.01, *P < 0.05; ns, 
not significant; NC, scramble 
siRNA transfected negative 
control)

Fig. 5   The impact of siRNA 
transfection combined with 
oxaliplatin therapy on the 
survival rate of AGS cells. A 
The cell viability decreased 
after transfection of siRNA. B 
Reduction of IC50 of oxaliplatin 
drug from 54.91 µM in sole 
treatment to 29.92 µM in com-
bined treatment of siRNA and 
chemotherapy. (***P < 0.001, 
**P < 0.01; ns, not significant; 
NC, scramble siRNA transfected 
negative control)
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Fig. 6   The impact of siRNA transfection and treatment with oxalipl-
atin on the apoptotic rate of AGS cells. A Apoptosis test by Annexin-
V/PI staining confirmed a significantly higher rate of cell apoptosis 
after siRNA transfection and in combination with oxaliplatin treat-
ment. B The expression level of Bax markedly increased following 
combination therapy compared to the control group. C Compared to 

the control group, Bcl-2 expression became lower after transfection 
with siRNA and oxaliplatin treatment. D Comparing the combined 
therapy group to the control group and solo treatment, the com-
bined therapy increased  expression of Caspase-3. (****P < 0.0001, 
***P < 0.001, **P < 0.01; ns, not significant; NC, scramble siRNA 
transfected negative control)



Naunyn-Schmiedeberg's Archives of Pharmacology	

combined treatment on increasing sensitivity of AGS cells to 
oxaliplatin and lowering the viability of AGS cells. It can be 
inferred that the viability and cytotoxicity assay demonstrated 
that siRNA transfection decreases cell survival and viability 

and increases the sensitivity of malignant cells to oxalipl-
atin drug, due to the suppression of lncRNA DLGAP1-AS2. 
According to a study done in 2022 by Kumar and his col-
leagues, the simultaneous use of siRNA with other anticancer 

Fig. 7   A Cell cycle analysis by flow cytometry showed cell arrest in the sub-G1 phase. B. Following combination therapy, the expression of the 
p53 gene significantly increased. (****P < 0.0001, ***P < 0.001, **P < 0.01; NC, scramble siRNA transfected negative control)
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medications improved the efficiency of the therapy by over-
coming multidrug resistance and creating a synergistic effect. 
It also improved the therapeutic response by affecting various 
proteins and pathways (Kumar et al. 2022).

In the current study, the wound healing assay also indicated 
a decrease in the migration and invasion of tumor cells. In 
addition, real-time PCR showed that expression of the MMP-2 
decreased by transfection of siRNA individually and further 

Fig. 8   A The effect of combining DLGAP1-AS2 siRNA and oxaliplatin drug on the migration of AGS cells. B The expression of the MMP-2 
gene was decreased according to qRT-PCR data. (****P < 0.0001, ***P < 0.001, **P < 0.01; NC, scramble siRNA transfected negative control)
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combined with oxaliplatin therapy. In a 2021 investigation, Liu 
and his coworkers researched the role of the lncRNA DLGAP1-
AS2 in cholangiocarcinoma cells. This research shows that 
DLGAP1-AS2 increases cancer cell proliferation, migration, 
and invasion by inhibiting miR505, which decreases the expres-
sion of N-acetylgalactosaminyltransferase 10 (GALNT10). In 
order to treat cholangiocarcinoma, knocking out GALNT10 and 
DLGAP1-AS2 together was introduced as a novel target. This 
work also showed the function of the lncRNA DLGAP1-AS2 
in the development and growth of cholangiocarcinoma tumors 
(Liu et al. 2021). Another study was conducted in 2021 by Jie 
Luo and colleagues on ovarian cancer cells. Overexpression of 
DLGAP1-AS2 was found to decrease mature miR-16 levels 
in OC cells; thus, this overexpression of DLGAP1-AS2 may 
reduces miR-16 inhibitory effect on the invasion and migration 
of OC cells (Luo et al. 2021). Previous research by Wei Miao 
et al. in 2020 was published with focusing on evaluating the 
expression of DLGAP1-AS2 in glioma patients. According to 
the qRT-PCR results, DLGAP1-AS2 expression was extremely 
increased in glioma cancer cells. Therefore, depletion of 
DLGAP1-AS2 in glioma cells could substantially prevent cell 
growth as well as cell migration and induce apoptosis, thereby 
lowering the development of glioma. These results suggest that 
DLGAP1-AS2 may function as an oncogene in glioma progres-
sion (Miao et al. 2020).

A 2020 study by Jiawei LU et al. on two gastric cancer 
cell lines, HGC‐27 and AGS, indicated that high expres-
sion of DLGAP1-AS2 in GC patients was associated with 
poor disease prognosis and progression. Data analysis indi-
cated a notable decrease in cell proliferation when lncRNA 
DLGAP1-AS2 was knocked down. Apoptosis tests also 

revealed that the suppression of DLGAP1-AS2 promotes 
cancer cell apoptosis compared to the control group. Col-
ony formation assay and Transwell assay further showed 
that the knockdown of DLGAP1-AS2 remarkably reduced 
the number of colonies. This transfection also resulted in 
inhibiting GC cell migration and invasion (Lu et al. 2021).

The study we conducted was a continuation of these results 
and showed that the combination of siRNA transfection and 
oxaliplatin drug, compared to a single treatment, increased 
the sensitivity of cancer cells to chemotherapy drugs and even 
reduced the effective dose of the medication. Apoptosis test 
through flow cytometry also proved that combined treatment 
induces cell death in this group more than other groups; in 
addition, the expression of apoptosis-related genes includ-
ing Bax, Bcl-2, and Caspase-3 after combined treatment had 
more significant changes compared to the control and each 
monotherapy groups. Further tests showed a marked lowering 
in migration, size, and number of colonies following combi-
nation therapy. Also, qRT-PCR results showed a significant 
reduction in expression of CD44, a gene which is involved 
in stemness. Furthermore, the combination of DLGAP-
1-AS2 siRNA and oxaliplatin, significantly increased Sub-
G1 arrested cells compared to sole treatments. Evaluating 
expression of P53 also confirmed cell cycle results.

Conclusion

Our study demonstrated that targeting lncRNA DLGAP1-
AS2 using siRNA could have a significant effect on malig-
nant cells. Combination of siRNA-mediated inhibition of 

Fig. 9   Investigating the effect 
of combination therapy on the 
stemness features and formed 
colonies. A Compared to the 
control group, a significant 
decrease occurred in the size 
and number of the former colo-
nies in the combined treatment 
group. B The combined therapy 
group showed a reduction in the 
expression of the CD44 gene, 
a gene associated with cell 
stemness, compared to other 
groups. (****P < 0.0001; NC, 
scramble siRNA transfected 
negative control)
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DLGAP1-AS2 with oxaliplatin can increase the efficacy of 
the treatment, consequently reducing drug resistance and 
increasing the chemosensitivity of tumor cells to chemother-
apy. Through the combination method, proliferation, growth, 
and migration of the cells were reduced and apoptosis was 
induced. Taken together, our results implied the potential of 
DLGAP1-AS2 knockdown and oxaliplatin combination as a 
new therapeutic method to improve gastric cancer treatment.
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