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Background: Although SNORD3A has been implicated in cancer progression, its specific roles and under-
lying mechanisms in gastric cancer (GC) remain poorly understood. We analysed SNORD3A expression
using TCGA data and evaluated patient survival via Kaplan—Meier curves. Additionally, we conducted
GO-KEGG enrichment analysis to identify relevant biological processes and signaling pathways, while
ssGSEA was used to assess the correlation between SNORD3A and cancer immune infiltrates.
Furthermore, we explored the relationship between SNORD3A and immunotherapy response through
TIDE. We verified SNORD3A expression using real-time qPCR and assessed cell proliferation, migration,
and invasion via CCK8 and Transwell migration and invasion assays.
Results: Our results revealed that SNORD3A was significantly upregulated in GC, with high expression
correlating with poor survival. SNORD3A and related genes were primarily enriched in the insulin/
insulin-related growth factor signaling pathway. We also observed negative associations between
SNORD3A expression and several immune cells, including activated dendritic cells, CD56bright natural
killer cells, central memory CD8 T cells, effector memory CD8 T cells, effector memory CD4 T cells, eosi-
nophils, immature dendritic cells, macrophages, mast cells, MDSCs, memory B cells, monocytes, neu-
trophil cells, plasmacytoid dendritic cells, regulatory T cells, and T follicular helper cells. High
SNORD3A expression also correlated with a poorer response to immunotherapy. Finally, inhibition of
SNORD3A suppressed cell proliferation, migration, and invasion.
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Conclusions: Our findings suggest that SNORD3A plays a catalytic role in the proliferation, migration and
invasiveness of GC and may have potential as a diagnostic biomarker and therapeutic target for GC.
How to cite:Wang Q, Li Y, Niu X, et al. SNORD3A acts as a potential prognostic and therapeutic biomarker
in gastric cancer. Electron J Biotechnol 2023; 67. https://doi.org/10.1016/j.ejbt.2023.08.004.
� 2023 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As one of the most frequent gastrointestinal cancers, gastric
cancer (GC) ranks fifth in cancer incidence and third in cancer mor-
tality worldwide and causes serious social and medical burdens
[1,2]. According to recent studies, the main risk factors associated
with GC include Helicobacter pylori infection, Epstein-Barr virus
infection, geographical location, smoking, and abnormal diet
[3,4]. In the early stage of GC, gastrectomy is the prioritized strat-
egy for the radical cure of patients [3,5]. Regardless of great
enhancement in the survival rate of early GC patients, most GC
patients show an advanced cancer stage without obvious symp-
toms at the time of diagnosis, which is usually associated with
poor prognosis [6]. Understandably, early diagnosis and interven-
tion may serve as the key to saving the lives of GC patients [6]. Cur-
rently, some tissue- and serum-based biomarkers are used for
early-stage tumor screening and to predict disease progression or
recurrence. Biomarkers widely used in clinical practice include
CEA, AFP, CA724, and pepsinogen, but increasing evidence suggests
that they have varying treatment effects and prognosis assess-
ments. Therefore, it is essential to seek novel prognostic biomark-
ers that facilitate optimum treatment guidance and outcome
prediction for GC patients.

SNORD3A belongs to a family of snoRNAs and is thought to play
a role in the processing of ribosomal RNA precursors [7]. SNORD3A
not only plays an important role in normal physiological functions
but is also recognized as a novel oncogenic mRNA in many types of
cancer [8,9,10]. Roychowdhury and coworkers found that SNORD3A
was significantly downregulated in cervical carcinoma [8]. Godel
et al. showed that SNORD3A reduced Dox cytotoxicity when over-
expressed in Dox-sensitive cells [10]. Luo and colleagues verified
that SNORD3A was significantly downregulated in breast cancer
cells and tissues. Subsequent results indicated that Meis1-
regulated SNORD3A specifically sensitized breast cancer cells to
5-FU by enhancing UMPS expression [9]. Irrespective of the impor-
tant functions of SNORD3A in cancer development and progression,
the potential roles and possible mechanisms of SNORD3A in GC are
largely unclear.

In the current study, we identified that SNORD3A was signifi-
cantly highly expressed in GC and that high expression of SNORD3A
was associated with poor survival. We further explored the associ-
ation of SNORD3A expression with distinct receptors and molecular
pathways in GC. In addition, we also investigated the association
between SNORD3A expression and the tumor immune microenvi-
ronment. Finally, we explored the role of SNORD3A silencing in
the proliferation, migration, and invasion of GC cells.
2. Materials and methods

2.1. Data source

We downloaded the third-level RNA expression data and gene
mutation data of gastric cancer as well as relevant clinical informa-
tion, including patient sex, age, clinical stage, TNM stage, patholog-
ical type, tumor location, survival status, and total survival time
from The Cancer Genome Atlas (TCGA, https://portal.gdc.
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cancer.gov/). After deleting incomplete clinical information cases,
there were 368 gastric cancer samples and 32 normal samples.

2.2. Data processing

We obtained the RNA expression matrix after processing the
downloaded RNA-seq data using R4.1.1 software. Subsequently,
we used HTseq-TPM or counts to normalize the data according to
the algorithm needs. Furthermore, we deleted the gene with 0
expression in all samples and retained the data with the largest
mean value in all samples for the duplicate gene. Meanwhile, we
extracted clinical information through R4.1.1 software to obtain
clinical information, including sample number, age, sex, tumor
stage and grade, tumor location, molecular subtype, total survival
time, and survival status.

2.3. Relationship between SNORD3A expression and clinical
information

First, we compared the expression of SNORD3A between normal
and gastric cancer tissues. We utilized the ‘survival’ R package to
calculate the optimal cut-off value for the SNORD3A expression
level based on survival time, survival status, and the level of
SNORD3A expression. Patients with SNORD3A expression levels
below this cut-off value were categorized as the low-expression
group, while those above it were classified as the high-
expression group. Second, according to the expression of SNORD3A
in gastric cancer samples, the ‘‘survival” R package was used to cal-
culate the optimal cut-off value of SNORD3A expression, and then,
the gastric cancer samples were divided into high and low expres-
sion SNORD3A groups. The ‘‘survival” package and ‘‘survival” pack-
age were used for survival analysis, and ggsurvivplot was used for
survival analysis visualization. In addition, the differences in
SNORD3A expression in different tumor locations were compared
in different T stages, N stages, M stages and TNM stages, and the
‘‘ggplot2” package was used for boxplot visualization. Finally, the
coxH command in the ‘‘survival” package was used to conduct
multifactor Cox regression analysis with age, sex, TNM stage of
gastric cancer, tumor grade, molecular subtypes of gastric cancer,
and high and low expression groups of SNORD3A. The ‘‘forest-
model” package was used to visualize the forest map.

2.4. Analysis of gene differences between high and low SNORD3A
expression groups in gastric cancer

The ‘‘Dseq2” package of R 4.1.1 software was used to analyze
the difference between the high and low expression groups of
SNORD3A in all GC samples. The filter standard was |logFC|>1.5,
and the corrected p value was < 0.05. The differential genes of
the high and low expression groups of SNORD3A were obtained.
The R 4.1.1 software ‘‘ggplot2” package was used to visualize the
volcanic map of differential genes.

2.5. Functional enrichment analysis of differentially expressed genes

The R software ‘‘clusterProfiler” package was used to conduct
gene ontology (GO) enrichment analysis and signal pathway
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(Reactome) enrichment analysis for risk differential genes. Subse-
quently, we extracted the upregulated genes in the high SNORD3A
expression group according to the logFC value, converted the gene
ID into a human Entrez ID, and conducted GO enrichment analysis
on the differentially expressed genes through the enrichGO com-
mand in the ‘‘cluster profiler” package. Moreover, we used the
enrichPathway command to conduct enrichment analysis of the
signal pathway (Reactome) and used the ‘‘ggplot2” package to
visualize the enrichment results and draw a bubble diagram. We
first conducted a correlation analysis between the insulin-like
growth factor binding protein pathway genes and the expression
levels of SNORD3A mRNA. We selected genes with a p value less
than 0.05 and then performed univariate Cox regression analysis.
Finally, we identified four genes that showed significant associa-
tions with survival. To further analyze the insulin-like growth
factor-binding protein-related pathway enriched by the pathway,
we carried out Spearman correlation analysis between the
pathway-related gene and the expression of SNORD3A and then
used ‘‘ggplot2” to visually draw the scatter diagram and fit the cor-
relation straight line.

2.6. Evaluation of tumor microenvironment differences between high
and low SNORD3A expression groups in gastric cancer

ssGSEA is a method commonly used in immune cell infiltration
analysis that estimates the relative enrichment of a gene set in that
sample by comparing the gene expression data of each sample to a
specific gene set (immune cell gene set). In immune cell infiltration
analysis, ssGSEA can be used to estimate the relative abundance of
different immune cell types in each sample. Based on the gastric
cancer RNA sequencing data, we used the gsva command in the
‘‘GSVA” package to conduct single-sample gene set enrichment
analysis (ssGSEA) and obtained 28 immune cell enrichment scores
for each gastric cancer sample. Immune cells refer to the cells
involved in the immune response or related cells, including lym-
phocytes, dendritic cells, macrophages, granulocytes, and mast
cells. Additionally, the matrix score, immune score, ESTIMATE
score and tumor purity of each sample were calculated using the
same method (estimation of normal and immune cells in malig-
nant tumor tissues using expression data, ESTIMATE). We used
the ‘‘ComplexHeatmap” package and ‘‘ggplot2” package to visual-
ize and draw the differential heatmap of immune cell infiltration
and the differential boxplot of immune cell infiltration in the high
and low SNORD3A groups. Finally, Spearman correlation analysis
was used to explore the correlation between the expression of
immune checkpoint-related genes and SNORD3A, followed by visu-
alization using the ‘‘ComplexHeatmap” package.

2.7. SNORD3A and immunotherapy

The immune treatment response of all samples was assessed
using tumor immune dysfunction and exclusion (TIDE) (https://
tide.dfci.harvard.edu/). The heatmap of relevant indicators of
immunotherapy was visualized using the ‘‘ComplexHeatmap”
package. We used the ‘‘ggplot2” package to visualize the propor-
tion of effective immunotherapy in the high and low expression
SNORD3A groups.

2.8. Gene mutation analysis

The ‘‘IOBR” package was used to evaluate the gene mutations of
NK cells, CD8+ T cells and immunosuppressive markers in all sam-
ples. The waterfall chart shows the top 10 genes with a mutation
frequency. The relationship between gene mutations and SNORD3A
expression was further analyzed, and ‘‘ggplot2” was used to
3

visualize and draw a box diagram of gene mutations and SNORD3A
expression.

2.9. Drug sensitivity prediction

The CellMiner database was used to evaluate the semi-
inhibitory concentration (IC50) of each sample to predict the drug
sensitivity of each sample. Spearman correlation analysis was per-
formed using the previously analyzed genes related to the insulin-
like growth factor binding protein pathway and the genes signifi-
cantly related to the expression of SNORD3A and the drug IC50.
‘‘ggplot2” was used to visually draw the scatter diagram and fit
the correlation line.

2.10. Cell culture and plasmid transfection

The AGS and HCG27 cell lines were used in this study because
they are human gastric cancer cell lines. All GC cells were cultured
in 1640 medium containing 10% fetal bovine serum. GC cells were
transfected with si-NC (negative control) and si-SNORD3A. si-
SNORD3A (small-interfering RNAs against SNORD3A) was used to
knock down SNORD3A. The siRNA sequence is provided in
Table S1. All plasmids were purchased from GenePharma (Shang-
hai, China).

2.11. Real-time quantitative PCR

Total RNA was extracted using TRIzol (Invitrogen, USA) accord-
ing to previous methods. The real-time quantitative PCR (RT-qPCR)
procedure was then completed. The experiments were repeated 3
times. The primers were as follows: SNORD3A (forward primer:
50-CGGTGACGGCTCTTGGGTTT-30, reverse primer: 50-CGGGAAACG
GCGACAAAA-30) and GAPDH (forward primer: 50-AATGGG
CAGCCGTTAGGAAA-30, reverse primer: 50-GCCCAATACGACCAAAT
CAGAG-30).

2.12. Cell proliferation assay

The CCK-8 kit was used for rapid and sensitive detection of cell
proliferation and cytotoxicity. The working principle is as follows:
in the presence of electron compound reagents, WST-8 (chemical
name: 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-dis
ulfonobenzene)-2h-tetrasomonodium salt) can be reduced by
mitochondrial dehydrogenase to produce a highly water-soluble
orange-yellow product (formazan), the depth of which is propor-
tional to cell proliferation and inversely proportional to cytotoxic-
ity. OD values measured at 450 nm wavelength by an enzymoleter
can indirectly reflect the number of living cells. After a 24-h culture
period with different siRNAs, the absorbance at 450 nm was mea-
sured after adding 10 lL of CCK-8 reagent (Dojindo Company, Bei-
jing, China). After being scraped to create a 1-mm gap, the cells
treated with different siRNAs were grown for 48 h, and images
were obtained at 0 and 48 h.

The EdU assay was performed as follows: Logarithmically grow-
ing cells were seeded into a 96-well plate and treated with a 50 lM
5-ethynyl-20-deoxyuridine (EdU) stock solution at 37�C for 2 h. The
cells were then fixed with 4% paraformaldehyde (PFA), and the
nuclei were stained with DAPI (D9542, Sigma-Aldrich). The result-
ing fluorescence was captured using an Olympus microscope.

The colony formation assay was conducted to determine the
proliferation ability of cells. The rate of cell colony formation rep-
resents the number of adherent cells surviving and forming clones
after inoculation, which can reflect two important traits of cell
population dependence and proliferation ability. By observing the
formation of single-cell colonies, we can calculate the colony for-
mation rate and understand its proliferation ability. The cells were
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seeded in a 6-well plate at a density of 500–1000 cells per well and
grown for 2–3 weeks until macroscopic colonies were observed.
The colonies were then washed with PBS, fixed with 4%
paraformaldehyde for 20 min, and stained with 1% crystal violet
for 10 min. The colony formation rate was calculated by dividing
the number of colonies by the number of seeded cells.

2.13. Cell migration and invasion assays

Transwell migration and invasion assays refer to the transwell
chamber placed in the culture plate, the upper chamber is called
the small chamber, the lower chamber is called the culture plate,
the upper and lower culture medium are separated by polycarbon-
ate vinegar film, and the cells under study are planted in the upper
chamber. Due to the permeability of the polycarbonate membrane,
the components of the lower culture medium can affect the cells in
the upper chamber. With the application of different pore sizes and
different treatments of polycarbonate vinegar film, it can be stud-
ied in many aspects, such as coculture, cell chemotactic cell migra-
tion, and cell invasion. For the transwell migration assay,
logarithmically growing cells suspended in serum-free medium
were placed in the upper chamber of each insert (Corning, Cam-
bridge, USA) that contained a noncoated membrane or hydrated
Matrigel chambers (50 lL). The lower chambers were supple-
mented with 600 lL of 10% fetal bovine serum. After a 24-h incu-
bation period at 37�C, the cells on the upper surface were then
scraped away, and the cells on the lower surface were fixed,
stained with 0.1% crystal violet for 30 min, and visualized.

A wound healing assay was conducted to estimate cell migra-
tion. Cells were seeded onto 6-well plates, and a scratch was cre-
ated using a 200 lL tip. Then, we observed the expansion of
wound closure, and the cell coverage crossing the line was mea-
sured to evaluate the migration rate. ImageJ software was used
to measure the scratch blank area to assess cell coverage.

2.14. Cell apoptosis analysis

Apoptotic cells were analyzed by flow cytometry (UTHSCSA,
Flow Cytometry Core). The cells were collected and resuspended
in binding buffer (Procell Life Science & Technology Co.) and
stained with the Annexin V-APC/PI Apoptosis Detection Kit (Key-
GEN, China). The percentage of cells in the ‘‘Q2 + Q3” gate was con-
sidered the apoptotic rate.

2.15. Statistical analysis

The ‘‘Dseq2” package of R 4.1.1 software was used to analyze
the difference between the high and low expression groups of
SNORD3A in all GC samples. The filter standard was |logFC|>1.5,
and the corrected p value was <0.05. We selected genes with a p
value less than 0.05 and then performed univariate Cox regression
analysis. Student’s t test was used in statistical analyses and per-
formed by SPSS 26.0 software. All experiments were repeated three
times. A value of 0.05 or less was considered significant.
3. Results

3.1. SNORD3A expression was higher in gastric cancer

First, we analyzed the expression level of SNORD3A in pan-
cancer. By analyzing the TCGA data, we found significant differ-
ences in the high expression of SNORD3A in various cancers,
including adrenocortical carcinoma (ACC), invasive breast carci-
noma (BRCA), kidney renal papillary cell carcinoma (KIRP), brain
lower grade glioma (LGG), liver hepatocellular carcinoma (LIHC),
4

pancreatic adenocarcinoma (PAAD), colon adenocarcinoma
(COAD), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC),
esophageal carcinoma (ESCA), glioblastoma multiforme (GBM),
head and neck squamous cell carcinoma (HNSC), ovarian cancer
(OV), prostate adenocarcinoma (PRAD), thyroid carcinoma (THCA),
uterine carcinosarcoma (UCS), lung squamous cell carcinoma
(LUSC), rectum adenocarcinoma (READ), stomach adenocarcinoma
(STAD), thymoma (THYM), skin cutaneous melanoma (SKCM) and
uterine corpus endometrial carcinoma (UCEC) (Fig. 1A). Specifi-
cally, we found that SNORD3Awas more highly expressed in tumor
tissues than in normal tissues of GC and that high expression of
SNORD3A was associated with poor overall survival (Fig. 1B). Col-
lectively, our data indicated that SNORD3A is more highly
expressed in GC.

3.2. Overexpression of SNORD3A was related to poor prognosis in
gastric cancer

Then, we analyzed the correlation between the expression of
SNORD3A and clinical pathologic characteristics in GC. The expres-
sion of SNORD3A was highest in T3, N3, M0, and stage 3. Other
characteristics showed no significant differences (Fig. 1C-G). In fur-
ther multivariate analysis, high SNORD3A expression was proven to
be independently prognostic for worse OS in patients aged > 65,
male patients, stage 4 patients, and patients with high SNORD3A
expression (Fig. 1H).

3.3. Enrichment analysis of SNORD3A expression-related genes in
gastric cancer

To explore the potential functional roles of SNORD3A, functional
enrichment analysis was performed based on GO pathway analy-
sis. We divided GC patients into SNORD3A-high expression and
SNORD3A-low expression groups in TCGA data. Differential
expression analysis identified that a total of 357 genes were signif-
icantly higher and 512 genes were downregulated (Fig. 2A). Path-
way analysis indicated that these genes were mainly enriched in
the insulin/insulin-related growth factor (IGF) signaling pathway,
olfactory signaling pathway, and GPCR ligand binding (Fig. 2B).
GO analysis showed that these genes were mainly enriched in sen-
sory perception of smell, detection of chemical stimulus involved
in sensory perception, organic anion transport, olfactory receptor
activity, signaling receptor activator activity and receptor ligand
activity (Fig. 2C-D). Considering that the IGF signaling pathway
participates in the development and progression of GC, we selected
it for subsequent analysis [11,12]. The correlation analysis showed
that SNORD3A was negatively correlated with the expression of
CALU and FAM20A but positively correlated with PLG and SER-
PINC1 (Fig. 2E-H). We also conducted survival analysis for the four
IGF signaling pathway-associated genes based on TCGA data. Sur-
vival analysis indicated that high expression of CALU, FAM20A,
PLG, and SERPINC1 was associated with poorer overall survival
(Fig. 2I-L).

3.4. The correlation between SNORD3A and immune infiltration in
gastric cancer

Previous studies indicated that the tumor immune microenvi-
ronment plays critical roles in the onset and progression of GC
[13,14,15], so we tried to explore the correlation between
SNORD3A and immune cell infiltration and immune checkpoints
in GC. We characterized the infiltration patterns of 28 immune cell
types in the tumor microenvironment of GC using ssGSEA.
(Fig. 3A). We found that the expression of SNORD3Awas negatively
associated with activated dendritic cells, CD56 bright natural killer
cells, central memory CD8+ T cells, effector memory CD8+ T cells,



Fig. 1. The SNORD3A mRNA expression level was significantly correlated with advanced clinicopathological parameters and poor survival outcomes in GC patients from the
TCGA cohort. (A). Pancancer analysis of SNORD3A expression levels in cancerous and normal tissues. (B). Survival analysis by the Kaplan–Meier method indicated that
SNORD3A was significantly correlated with shorter OS (p = 0.0048). (C-G). The mRNA expression level of SNORD3A was significantly correlated with AJCC stage and tumor
site. (H). Forest plot of multivariate regression analyses showing the association between SNORD3A mRNA expression level and patient survival.
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effector memory CD4+ T cells, eosinophils, immature dendritic
cells, macrophages, mast cells, MDSCs, memory B cells, monocytes,
neutrophil cells, plasmacytoid dendritic cells, regulatory T cells,
and T follicular helper cells (Fig. 3B). Additionally, we determined
the immunization score in the SNORD3A-high expression and
SNORD3A-low expression groups using ESTIMATE. We found that
patients with low SNORD3A expression had higher stromal scores,
immune scores, and ESTIMATE scores and lower tumor purity
(Fig. 3C). Furthermore, immune checkpoint analysis showed that
SNORD3A was negatively associated with the expression of
HAVCR2 and PDCD1LG2 (Fig. 3D, Fig. S1).

3.5. The correlation between SNORD3A and immunotherapy response
in gastric cancer

We also analyzed the relationship between SNORD3A and
immunotherapy response in GC. Using the TIDE algorithm, we
identified that patients in the high-expression SNORD3A group
showed a worse immunotherapy response (Fig. 4A-B). Considering
5

the critical roles of NK cells, CD8+ cells and immune checkpoints in
the immunotherapy response, we also performed gene mutation
analysis of these signatures (Fig. 4C-D and Fig. S2A-B). Some gene
mutations were shown in the NK cell cytotoxicity signature,
including TTN, TP53, PIK3CA, ARID1A, PLXNA4, CDH1, SPEG, MAGEC1,
TRPA1, and LAMA3. Some gene mutations were found in CD8+ T
cells, including PIK3CA, PLEC, DMD, TCHH, ARID1A, ANK3, PLXNA4,
WDFY3, LRP1 and SPEG (Fig. S1A). Some gene mutations were
shown in immune checkpoints, including PIK3CA, AHNAK2, ARID1A,
ANK3, RNF213, TCHH, PLXNA4 ABCC9 LRP1 and SPEG (Fig. S2B). Fur-
ther detection of the expression level of SNORD3A in wild-type and
mutant genomes showed that the expression level of SNORD3Awas
significantly increased in the mutant genomes of ABCB1, CNTN1,
PLEC and USP34 (Fig. 4E-H).

3.6. Prediction of potential anticancer drugs

To further investigate the clinical use of CALU and SERPINC1, the
CellMiner database was employed to explore the relationship



Fig. 2. Identification of DEGs based on SNORD3A expression level and related functional annotations. (A). Analysis of DEGs based on SNORD3A mRNA expression level (p
adj < 0.05, |log2(fold change)| >2. Reactome pathway enrichment analysis. (C-D). GO enrichment analysis. (E-H). Analysis of the correlation between gene expression of the
insulin/insulin-related growth factor signaling pathway and SNORD3A expression. (I-L) Survival analysis of genes related to SNORD3A in the insulin/insulin-related growth
factor signaling pathway.
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Fig. 3. The relationship between SNORD3A expression level and immune infiltration pattern in the tumor microenvironment. (A-B). Differences in immune cell
infiltration between the high- and low-SNORD3A groups. (C) Stroma score, immune score, ESTIMATE score, and tumor purity between the high- and low-SNORD3A groups
based on the ESTIMATE algorithm. (D) Correlation between SNORD3A expression level and immune checkpoint-related genes.
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Fig. 4. The relationship between SNORD3A expression level and immunotherapy for GC. (A). Correlation between TIDE score in GC and immunotherapy. (B). Differences in the
immune therapy response rate between the high- and low-SNORD3A groups. (C-D). High-frequency mutated genes in the high- and low-NK cell-related signature score
groups. (E-H). The relationship between gene mutations and SNORD3A expression level.
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between these genes and drug sensitivity. CALU was inversely
associated with the following drug sensitivities: Aloin
(correlation = �0.45, P < 0.001), Ergosterol (correlation = �0.35,
8

P < 0.001), Ribavirin (correlation = �0.51, P < 0.001) and Dexam-
ethasone_Decadron (correlation = �0.47, P < 0.001) (Fig. 5A-C, E).
CALU was positively associated with sensitivity to nitazoxanide



Fig. 5. Drug sensitivity analysis. (A-F). Correlation between SNORD3A expression level and drug IC50 values.
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(correlation = 0.45, P < 0.001) (Fig. 5F). Moreover, SERPINC1 was
positively associated with the following drug sensitivities: dabra-
fenib (correlation = �0.28, P = 0.032) (Fig. 5D).

3.7. SNORD3A was higher in gastric cancer, promoted cell
Proliferation, migration and invasion and inhibited apoptosis in GC
cells

To better explore the functional roles of SNORD3A in GC, we
constructed SNORD3A knockdown GC cell lines using siRNA. The
qRT-PCR results verified that the expression of SNORD3A was sig-
nificantly knocked down using siRNA (Fig. 6A). The results of
CCK-8 (Fig. 6B), EdU (Fig. 6E), and colony formation (Fig. 6F) assays
showed that inhibition of SNORD3A significantly suppressed GC
cell proliferation. The results of the Transwell assay (Fig. 6C-D)
and wound healing assays (Fig. 6G-I) showed that cell migration
and invasion were also suppressed in GC cell lines treated with siS-
NORD3A. Moreover, the results of the cell apoptosis assay showed
that inhibition of SNORD3A significantly reduced GC cell apoptosis
(Fig. 6H). Taken together, our findings indicated that SNORD3A pos-
itively regulates cell proliferation, migration, invasion and apopto-
sis in GC.

4. Discussion

Gastric cancer (GC) is one of the most common gastrointestinal
cancers worldwide, particularly in Asia. Despite significant pro-
gress in the diagnosis and treatment of GC, including advanced
GC, prognosis remains poor due to unclear mechanisms underlying
its development and progression. In this study, we found that
SNORD3A plays a catalytic role in the proliferation, migration and
invasiveness of GC and may have potential as a diagnostic biomar-
ker and therapeutic target for GC.
9

SNORD3A plays an important role in the processing of ribosomal
RNA precursors. Previous studies have shown that SNORD3A is dif-
ferentially expressed in various malignant cancers and is associ-
ated with malignant pathological processes, including the
proliferation, invasion, migration, and chemoresistance of tumor
cells [8,9,10].

The results of our study suggest that SNORD3A may serve as a
potential diagnostic and therapeutic target in cancer diagnosis
and treatment. We found that SNORD3A was significantly overex-
pressed in GC, and its high expression was associated with patho-
logical features and poor overall survival. Additionally, we
observed that inhibition of SNORD3A suppressed GC cell prolifera-
tion, invasion, and migration. Our findings support the use of
SNORD3A as an independent prognostic predictor and biomarker
in patients with GC.

We further performed functional enrichment analysis for
SNORD3A-associated genes in our study. The enrichment analysis
of GO and KEGG revealed that the high expression of SNORD3A is
related to the insulin/insulin-related growth factor (IGF) signaling
pathway, olfactory signaling pathway, and GPCR ligand binding. An
increasing number of studies have shown that the IGF signaling
pathway plays a critical role in the occurrence and development
of many malignant tumors, including breast cancer, non-small cell
lung cancer, and hepatoblastoma [16,17]. For instance, Lee et al.
found that the insulin and IGF signaling pathways promoted breast
cancer stem cells through IRS2/PI3K-mediated regulation of MYC
[18]. Zhen and coworkers revealed that circHMGCS1 facilitated
hepatoblastoma cell proliferation by regulating the IGF signaling
pathway and glutaminolysis [19]. Du and colleagues demonstrated
that inhibition of the IGF signaling pathway reversed cisplatin
resistance in ovarian cancer cells [20]. Additionally, several studies
have shown that the IGF signaling pathway participates in the
pathogenesis of GC. Saisana and colleagues revealed that insulin



Fig. 6. SNORD3A promotes the proliferation, invasion, and migration of gastric cancer cells. (A). Validation of the efficiency of SNORD3A knockdown in GC cells by qRT-
PCR. (B, E, F). Knocking down SNORD3A suppressed the proliferative ability of GC cells. (C, D) Downregulating SNORD3A inhibits GC cell migration and invasion. (G, I)
Downregulating SNORD3A inhibits GC cell wound healing ability. (H) Silencing SNORD3A expression inhibited the anti-apoptotic capacity of GC cells.
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and the insulin receptor collaborate to promote the progression of
GC [21]. Several carcinomas, including GC, have been verified to be
involved in Epstein-Barr virus (EBV) infection. Jeong et al. showed
that AGS-EBV cells regulated their proliferation and invasion
through the IGF signaling pathway [22]. The olfactory signaling
pathway has been implicated in various physiological and patho-
logical processes, including neurogenesis, inflammation, and
tumorigenesis. However, its role in GC requires further investiga-
tion. Additionally, G protein-coupled receptor (GPCR) ligand bind-
ing has been associated with various biological processes, such as
cellular communication, sensory perception, and immune
response. Our study sheds light on the potential involvement of
SNORD3A in regulating these signaling pathways and provides
insights into the molecular mechanisms underlying GC pathogen-
esis. Future research is needed to further explore the specific roles
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of SNORD3A in these pathways and their clinical implications for
GC diagnosis and treatment.

Recent years have seen significant advancements in tumor and
molecular biology, leading to the discovery that the tumor
microenvironment (TME) plays a critical protumorigenic role
[23]. The TME consists of various cell types, including immune
cells, fibroblasts, endothelial cells, and adipocytes, as well as extra-
cellular matrix components and signaling molecules. The TME
exerts its effects through cytokines and growth factors that sup-
port cancer cell proliferation, survival, motility, and invasion. Stud-
ies have shown that the TME is involved in the initiation,
progression, and metastasis of many cancers, including gastric can-
cer. In GC, the TME has been shown to contribute to drug resis-
tance, immune evasion, and angiogenesis. Moreover, recent
research has suggested that targeting the TME may provide novel
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therapeutic strategies for GC treatment. Our study found that
SNORD3A can affect the immune microenvironment of GC cells.
Using the CIBERSORT algorithm, we identified that SNORD3A was
negatively associated with activated dendritic cells, CD56bright
natural killer cells, central memory CD8 T cells, effector memory
CD8 T cells, effector memory CD4 T cells, eosinophils, immature
dendritic cells, macrophages, mast cells, MDSCs, memory B cells,
monocytes, neutrophil cells, plasmacytoid dendritic cells, regula-
tory T cells, and T follicular helper cells. Therefore, we could infer
that SNORD3A may influence the transition of TME status and that
the role of SNORD3A in the TME should be considered in GC treat-
ment. In recent years, immune checkpoint inhibitors and
immunotherapy have gained increasing attention in the treatment
of gastric cancer (GC). Immune checkpoint inhibitors work by
blocking the inhibitory signals that prevent T cells from attacking
cancer cells [24,25] Accordingly, we also explored the correlation
between SNORD3A and immune checkpoints and immunotherapy
response. Immune checkpoint analysis showed that SNORD3A was
negatively associated with the expression of HAVCR2 and
PDCD1LG2, which suggested that SNORD3A may be a promising
immune checkpoint indicator. Immunotherapy response analysis
showed that patients in the high SNORD3A expression group
showed a worse immunotherapy response. Afterwards, we will
further clarify the underlying molecular mechanisms of SNORD3A
in the regulation of immune checkpoints and immunotherapy
responses.

In this study, we investigated the potential association between
SNORD3A and GC. Although our findings suggest a correlation
between SNORD3A expression and GC progression, there are still
some limitations that must be addressed in future studies. First,
the data used in this study were obtained from public databases.
Therefore, further validation studies using our own cohort data
are necessary to confirm our results. A larger sample size would
also ensure greater accuracy and reliability of our findings.

Second, while we performed several bioinformatic analyses,
including expression analysis, functional enrichment analysis,
and immune microenvironment analysis, we only conducted RNA
interference experiments to examine the roles of SNORD3A in GC
cell proliferation, invasion, and migration. Further studies are
needed to investigate the functions of SNORD3A in GC in vitro
and in vivo. This would provide a more comprehensive understand-
ing of the role of SNORD3A in GC. Finally, although we explored the
potential molecular mechanisms of SNORD3A in GC, future
research should focus on elucidating the direct mechanisms. It is
important to identify the specific pathways or molecules that
SNORD3A regulates in GC progression. This will allow researchers
to develop targeted therapies for GC patients. In future studies, it
would be beneficial to conduct validation studies using our own
cohort data to confirm the results obtained in this study. Addition-
ally, functional studies investigating the effects of SNORD3A on GC
cell proliferation, invasion, and migration in vitro and in vivo
should be conducted. Finally, the specific pathways and molecules
that SNORD3A regulates should be identified to develop targeted
therapies for GC patients.

Despite the limitations of this study, our findings suggest a cor-
relation between SNORD3A expression and GC progression. Further
studies are necessary to validate our results, investigate the func-
tions of SNORD3A in GC, and identify the specific pathways or
molecules that SNORD3A regulates. This will provide a better
understanding of the role of SNORD3A in GC and contribute to
the development of targeted therapies for GC patients.
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