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Radiotherapy and chemotherapy have improved the 5-year survival rate of nasopharyngeal carcinoma (NPC) patients,
but the side effects generally lead to unsatisfactory clinical efficacy. It's imperative to explore the pathogenesis of NPC to find
better diagnostic and therapeutic methods. Small nucleolar RNA host genes (SNHGs) are special IncRNAs, which can be
further spliced to produce small nucleolar RNAs (snoRNAs). SNHG1 has been found to be associated with various cancers.
However, only a few studies reported the relationship between SNHG1 and NPC. This study first analyzed the diagnostic
performance and related signaling pathways of SNHGI1 in NPC through bioinformatics. The expression of SNHGI was
verified by RT-qPCR, and the expression of the signaling pathway was detected using immunohistochemistry. Bioinfor-
matics analysis results showed that SNHG1 was significantly overexpressed in head and neck squamous cell carcinoma
(HNSC) and NPC tissues. RT-qPCR detection confirmed the significant overexpression of SNHG1 in NPC tissues. Enrich-
ment analysis showed that SNHG1 may act on NPC through the PI3K-AKT signaling pathway. Immunohistochemistry
experiment revealed PI3K-AKT signaling pathway proteins (PI3K AKT and EGFR) positively expressed and CASP3 weakly
positively expressed in NPC tissues. Therefore, we concluded that SNHGI is a prospective biomarker and may act on NPC
through the PI3K-AKT signaling pathway.
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Nasopharyngeal carcinoma (NPC) is an epithelial malig-
nant tumor with the highest metastatic potential among head
and neck cancers [1, 2]. In terms of treatment, radiotherapy
combined with chemotherapy can help improve the survival
time of patients with NPC. However, about 30% of patients
with NPC still have a poor prognosis, mainly due to the fact
that some patients have advanced stage and distant metas-
tasis at the time of diagnosis [3]. The combination of cisplatin
and 5-fluorouracil is currently the first-line treatment for
recurrent or metastatic diseases but the remission rate is only
40-65% [4]. The high expression of PD-L1 in NPC may make
patients suitable for immune checkpoint-blocking therapy
but PD-1 inhibitors are only beneficial to some patients [5].
Therefore, it’s necessary to further explore the pathogenesis
of NPC, and explore biomarkers related to prognostic risk
stratification and treatment benefits to optimize treatment
strategies for different patient subsets. Studies have shown
that IncRNA is involved in malignant phenotypes such as
carcinogenesis, migration, invasion, epithelial-mesenchymal

®

Copyright © 2023 The Authors.

transformation (EMT), and angiogenesis in NPC [6]. It is an
important biomarker for the diagnosis and prognosis of NPC
and mediates radio-chemotherapy resistance in multiple
ways [7].

Small nucleolar RNA (snoRNA) is widely found in the
nucleoli of eukaryotic cells, with a length of 60-300 nt, and
can bind to ribonucleoproteins to form snoRNPs complexes
[8]. Small nucleolar RNA host genes (SNHGs) are a class
of special IncRNAs that can be further spliced to produce
snoRNA. The member of the SNHGs family, SNHGI, is
formed by transcription of the U22 host gene on chromo-
some 11. It has a total length of approximately 3,927 bases
and contains 9 snoRNAs [9, 10]. SNGH1 has been confirmed
to play a role as a tumor-promoting factor in various
malignant tumors, which can inhibit the expression of the
p53 gene and promote tumor cell proliferation, invasion,
and metastasis [11]. Zhou et al. found that SNHGI1 could
promote NPC development by inhibiting the expression of
miR-424-5p [12]. However, there is still a lack of theoretical
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basis for analyzing the mechanism of SNHG1 in NPC, and
further research is needed to explore its clinical value in the
prevention, diagnosis, treatment, and prognosis of NPC.

Therefore, this study was based on bioinformatics and
experimental methods, using TCGA and GEO expression
profile data to study the expression of SNHGLI in head and
neck squamous carcinoma (HNSC) and NPC. RT-qPCR was
conducted to verify the expression of SNHGI in NPC tissue,
as well as an immunohistochemical experiment to explore
the possible new targets and related signaling pathways for
NPC.

Patients and methods

Materials. We collected 4 pairs of fresh NPC and adjacent
non-cancerous tissues, as well as 36 nasopharyngitis (NPS)
and 36 NPC tissue wax blocks. All samples originated from
the nasopharynx with the approval of the Ethics Committee
of the First Affiliated Hospital of Guangxi Medical Univer-
sity (No.2021-KY-E-208) and the informed consent of
patients. Antibodies used in this study included rabbit anti-
human monoclonal antibody PI3K (ab151549, 1:100), rabbit
anti-human monoclonal antibody AKT (ab179463, 1:200),
horseradish peroxide-labeled goat-derived anti-rabbit IgG
antibodies (ab6721, 1:500) and horseradish peroxide-labeled
goat-derived anti-mouse IgG antibodies (ab97240, 1:500)
(Abcam, USA); mouse anti-human monoclonal antibody
p-AKT (664441-g, 1:100) (Proteintech, China); rabbit anti-
human monoclonal antibody EGFR (AF6043, 1:100), and
rabbit anti-human monoclonal antibody Caspase 3 (CASP3)
(AF6311, 1:100) (Affinity, USA).

Expression analysis of SNHG1 in NPC. The Tumor
Immune Estimation Resource (TIMER, http://timer.
cistrome.org/) and Gene Expression Profiling Interactive
Analysis 2 (GEPIA2, http://gepia2.cancer-pku.cn/#index)
databases were used to analyze the differential expression
of SNHG1 in HNSC and adjacent tissues. Box charts were
used to display the distribution of gene expression levels. The
NPC datasets GSE61218 and GSE53819 were downloaded
from the NCBI GEO database (https://www.ncbi. nlm.nih.
gov/geo/). The R language “limma” package was conducted
to perform a non-paired t-test on the SNHG1 expression
in NPC based on the GEO dataset. We used the beeswarm
package to draw a honey map for visualization and calculated
a statistical significance using the Wilcoxon test function test.
Based on the University of Alabama at Birmingham Cancer
Data Analysis Portal (UALCAN, http://ualcan.path.uab.
edu/) database, we analyzed the expression level of SNHG1
in HNSC under different clinical characteristics, including
the presence or absence of HPV virus and so on (*p<0.05,
#p<0.01, **p<0.001).

Diagnostic performance of SNHGI1 for NPC. According
to NPC samples in the GEO database, the receiver operating
characteristic (ROC) curve was drawn using the R language
pROC package and ggplot2 function. ROC could deter-

mine the diagnostic performance of SNHGI in NPC. The
area under the curve (AUC) is between 1.0 and 0.5. When
AUC>0.5, the closer the AUC is to 1, the better the diagnostic
effect. AUC has alow accuracy at 0.5-0.7, a certain accuracy at
0.7-0.9, and a higher accuracy at above 0.9. When AUC=0.5,
it indicates that the diagnostic method is completely ineffec-
tive and has no diagnostic value.

SNHG1 immune correlation analysis. Tumor immune
microenvironment is closely related to factors such as inflam-
matory factor expression, immune cell infiltration, microvas-
cular invasion, chromosome instability, and TP53 mutation.
In this study, the TIMER2.0 database was used to analyze the
correlation between SNHGI1 and immune cell infiltration in
HNSC, with a statistically significant difference of p<0.05.

Analysis of SNHGI1 differentially expressed genes
(DEGs). The NPC samples were grouped according to the
expression of SNHG1 in GEO datasets. The R language
“limma” package was used to perform DEGs analysis. The
DEGs were screened using the gene expression multiple
change [logFC|>1, and p<0.05 as the criteria. The R language
plot function was used to draw a volcanic map and a heat
map.

Protein-Protein Interaction Networks (PPI). We
imported the DEGs of SNHGI into the STRING database
(https://string-db.org), selected “multiple protocols”, then
defined the attribution as “Homo sapiens”, and hid the free
nodes. Other parameters were kept at default values to obtain
the intersection target interaction network. At the same time,
we set the data with a medium confidence >0.4 to ensure the
reliability of this analysis. We downloaded tsv format file and
established a corresponding relationship between the selected
protein nodes. Cytoscape 3.9.1 software was performed for
visualization, the cytoHubba plug-in for sorting core target
genes by Degree, and the MCODE plug-in of Cytoscape for
constructing a subnetwork.

Gene function enrichment analysis. Gene Ontology
(GO) analysis includes cell components (CC), molecular
function (MF), and biological process (BP) analysis. Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis
integrates genomic, chemical, and system functional infor-
mation. We used DEGs of SNHGI as the gene set for enrich-
ment analysis, and the R language org.Hs.eg.db package
was conducted to obtain the entrezID corresponding to the
candidate genes. The cluster profiler package was performed
to carry out GO and KEGG enrichment analysis with point
maps respectively.

RT-qPCR. Four pairs of fresh NPC and adjacent
non-cancerous tissues were used for RT-qPCR detection.
Total RNA was extracted with a TRIzol kit, and cDNA was
synthesized using reverse transcriptase before PCR amplifica-
tion. Reaction conditions: a two-step reaction procedure was
set up. PCR reaction (40 cycles): pre-denaturation at 95°C
for 30 s; chain breaking at 95°C for 3 s; annealing, and exten-
sion at 60 °C for 30 s. Melt curve: use the instrument default
program. After the reaction was completed, data such as Ct
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values were derived, and statistical analysis was performed
using the 2-2“" method. The primers used in this study were
all purchased from SANGON BIOTECH (Shanghai). Inc
SNHG1: CAGCACCTTCTCTAAAGCCCAAG (forward),
TCAGACCTGAACTTCAGACCTGGAG (reverse). Refer-
ence GAPDH: GACAGTCAGCGCGCATCTTCT (forward),
GCGCCCAATACCACAATC (reverse).
Hematoxylin-Eosin (H&E) staining for histopatholog-
ical analysis. The paraffin slices were subjected to de-waxing
with xylene and hydration with gradient ethanol, each lasting
for 5 min. The slides were thoroughly washed prior to staining
with hematoxylin dye solution for 10 min, followed by
rinsing with running water. To remove excess stain, the slides
were treated with 1% hydrochloric acid ethanol and washed
with double-distilled water. The subsequent weak alkaline
blue promoter solution and eosin staining lasted for 3 min.
Gradual dehydration was performed using gradient ethanol,
with each concentration maintained for 2 min. Finally, the
slides were treated with xylene, sealed with neutral gum, and
observed under a microscope to capture images.
Immunohistochemical (IHC) detection. 3% H,0, was
used to inhibit the endogenous peroxidase activity in the
slices. 4% of normal goat serum was added for blocking.

Antibodies (PI3K, AKT, p-AKT, EGFR, and CASP3) were
added and incubated overnight at 4°C. After that, the slices
were incubated with the second antibody at 37°C for 1 h.
Hematoxylin staining was performed for microscopic obser-
vation.

Results

Expression of SNHG1 in NPC. Compared with
non-cancerous tissues, SNHG1 is significantly overexpressed
in HNSC tissues both in the TIMER2.0 (p<0.05, Figure 1A)
and GEPIA2 (p<0.05, Figure 1B) databases. SNHG1 signifi-
cantly differentially expressed in pan-cancer tissues is shown
in Supplementary Figure S1 (p<0.05). We further analyzed
the expression of SNHG1 in NPC through the GEO database
(GSE61218 and GSE53819). Compared with non-cancerous
tissues, SNHG1 is significantly overexpressed in NPC tissues
(p<0.05, Figures 1C, 1D). We used RT-qPCR to detect the
transcriptional level of SNHGI in 4 pairs of fresh NPC and
adjacent non-cancerous tissues. Compared with the adjacent
non-cancerous tissues, the transcription level of SNHGI in
NPC tissues is significantly upregulated (p<0.05, Figure 1E).
The RT-qPCR results are consistent with the bioinformatics
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Figure 1. Expression of SNHG1 in Head and Neck Cancer (HNSC) and nasopharyngeal carcinoma (NPC). A, B) Analyzed the expression of SNHGI1 in
HNSC based on the TIMER 2.0 (Tumor Immune Estimation Resource 2.0) and GEPIA (Gene Expression Profiling Interactive Analysis 2) databases.
C, D) Analyzed the expression of SNHG1 in NPC based on the GSE61218 and GSE53819 datasets. E) The transcriptional level of SNHG1 in 4 four
pairs of fresh NPC and normal (non-cancerous) samples were detected by RT-qPCR. F) Analyzed the expression of SNHG1 in HNSC-HPV+, HPV-,
and normal tissues based on the UALCAN (University of Alabama at Birmingham Cancer Data Analysis Portal) database. Note: *p<0.05, **p<0.01,

*p<0.0001, ****p<0.00001
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analysis results of the GEO database. We performed a corre-
lation analysis between the expression level of SNHGI1 and
patient clinical characteristics in HNSC via the UALCAN
database. The expression of SNHG1 was upregulated signifi-
cantly when HPV+ve vs. HPV-ve (p<0.05, Figure 1F). Results
of other clinical characteristics were shown in the supple-
mentary materials (Supplementary Figure S2).

Diagnostic performance of SNHG1 in NPC. We carried
out the ROC analysis based on GSE61218. SNHGI has an
AUC of 0.88, sensitivity of 0.8, and specificity of 0.8, 95%
CI: 0.692-1 (p<0.05, Figure 2A). As for GSE53819, the AUC
of SNHG1 for NPC diagnostic performance is 0.758, with
a sensitivity of 1 and specificity of 0.5, 95% CI: 0.591-0.926
(p<0.05, Figure 2B). The AUCs from both datasets could
indicate that SNHGI has a good diagnostic performance for
NPC.

Correlation between SNHG1 and T lymphocytes. We
explored the correlation between SNHG1 and T immune cells
(CD4+/CD8+) in HNSC (Figure 3). SNHG1 was positively
correlated with T cell CD4+ memory activated, T cell CD4+
Thl and T cell CD4+ Th2, negatively correlated with T cell
CD4+ central memory and T cell CD4+ memory resting
both in HNSC and HNSC-HPV+. The results showed that
SNHGI1 was significantly positively correlated with T cell
CD4+ Th2, negatively correlated with T cell CD4+ central
memory and T cell CD4+ effector memory in HNSC-HPV-.
SNHG1 was positively correlated with T cell CD8+ naive and
T cell CD8+ effector memory both in HNSC and HSNC-
HPV+. SNHGI1 was also positively correlated with T cell
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CD8+ naive in HSNC. The correlation between SNHG1 and
T immune cells (CD4+/CD8+) in other cancers is shown in
the supplementary data (Supplementary Figure S3).

DEGs of SNHG1 in NPC. The DEGs of SNHGI in NPC
were analyzed through the GEO database. The volcanic map
(Figure 4A) showed statistically significant difference in
multiple genes between the two groups (SNHG1 high expres-
sion group and SNHGI low expression group, p<0.05). Red
marked genes with logFC>1 and green with logFC<-1.
The thermal diagram (Figure 4B) and the Venn diagram
(Figure 4C) showed 40 DEGs such as TSPAN19, WSCDI,
ARMCS3, SNTN, MORN5, AKAP14, TEKT1, Cé6orf118, and
FHOD3, which closely related to the expression of SNHG1 in
NPC based on GSE61218 and GSE538109.

PPI networks. SNHGI-related DEGs from the GSE61218
dataset were input into the string database to obtain a PPI
network diagram (Supplementary Figure S4). The Cytoscape
results showed that TOP2A, CCNB2, DTL, PBK, NUF2,
RACGAP1, TTK, RAD51AP1, NDC80, NUSAPI, and
other core targets with darker colors (red) in the diagram
(Figure 5A). Figures 5B-5E revealed the subnetworks (1-4)
of the PPI network: subnetwork 1 is related to cell cycle,
mitotic cell cycle, etc.; subnetwork 2 is related to type I inter-
feron signaling pathways, defense against viral responses, and
negative regulation of viral genome replication, etc.; subnet-
work 3 is related to cell chemotaxis, immune response, and
chemokine mediated signaling pathways, etc.; and subnet-
work 4 is associated with Axon guidance, negative regulation
of axonal extension, and negative chemotaxis.
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Figure 2. The receiver operating characteristic curve (ROC) of SNHG1 in NPC. ROC of SNHGI could distinguish NPC from non-cancerous tissues
(GSE61218 (A); GSE53819 (B), the red curve is the ROC curve, and the blue shaded part represents 95% CI).
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Figure 3. Correlation between SNHG1 and T lymphocytes (CD4+/CD8+) in HNSC. Note: Red indicates a positive correlation, while violet indicates a

negative correlation, and the darker the color, the stronger the correlation.

The GSE53819 dataset SNHG1-related DEGs were input
into the string database to obtain a PPI network diagram
(Supplementary Figure S5). Results showed that S100A7,
SPRR1B, PI3, KRT16, IVL, CTSG, CDSN, S100A12, KRT17,
and SERPINB3 were core targets, with darker colors (red) in
the diagram (Figure 6A). Figures 6B-6F show the subnet-
works (1-5) of the PPI network: molecular functions such
as subnetwork 1 binding to IgE and FceRI signal pathway,
sphingomyelin signal pathway, phospholipase D signal
pathway, etc.; subnetwork 2 is related to biological processes
such as keratinization, Staphylococcus aureus infection, and
estrogen signaling pathways, etc.; Subnetwork 3 is related to
organisms such as antimicrobial humoral reactions, kerati-
nocyte differentiation, and defense responses to bacteria,
etc.; subnetwork 4 is related to keratinization and the kerati-
nization envelope, etc.; and subnetwork 5 is involved in the
positive regulation of epidermal growth factor activated
receptor activity, the negative regulation of epidermal
growth factor receptor signaling pathways, and the negative
regulation of epidermal growth factor receptor signaling
pathways.

GO function enrichment. The GO function enrichment
results of GSE61218 and GSE53819 (SNHG1 DEGs) datasets
are shown in Figure 7. SNHG1 may act on NPC through BP
such as epidermis development and skin development, etc.;
MF such as peptidase regulator activity and endopeptidase
regulator activity, etc.; CC such as collagen-containing extra-
cellular matrix and cell-cell junction, etc.

KEGG pathway enrichment. As shown in Figure 8, the
enrichment result of the GSE61218 dataset revealed that the
SNHGI targets were enriched in signal pathways such as
PI3K-AKT signaling pathway, Cytokine-Cytokine receptor
interaction, Regulation of actin cytoskeleton, etc. Based on
the GSE53819 dataset for enrichment analysis, the result
showed that SNHG1 was enriched in signal pathways such as
Cytokine-Cytokine receptor interaction, Neuroactive ligand
receptor interaction, and PI3K-AKT signaling pathway. It
can be seen that SNHGI is likely to promote the occurrence
and development of NPC through the PI3K-AKT signaling
pathway.

H&E staining pathological results. The HE staining
results are shown in Figure 9. Compared with NPS, the cells
in NPC tissue samples are characterized by oval or spindle
shape; significant heteromorphism, large, deeply stained,
or vacuolate nuclei; unbalance in nucleocytoplasmic ratio;
prominent nucleoli and mitotic figures.

IHC and pathological results of the PI3K-AKT pathway.
We used THC staining to detect and analyze the expres-
sion levels of target proteins (PI3K, AKT/pAKT, EGFR, and
CASP3) in the PI3K-AKT signaling pathway in 36 cases of
NPS and 36 cases of NPC. We found that PI3K, AKT/pAKT,
and CASP3 are mainly expressed in the cytoplasm of NPC,
EGEFR protein is mainly expressed in the membrane of NPC
compared with NPS tissues, PI3K, AKT/pAKT, and EGFR
protein are positive in NPC tissues. However, CASP3 protein
is weakly positive in NPS tissues (Figure 10). The immuno-
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Figure 4. Differentially expressed genes (DEGs) of SNHG1 in NPC. A) Volcano map, where the red dot represents the logFC >1 and p<0.05, the green
dot represents the logFC<-1 and p<0.05, and the black dot |logFC|<1 or p>0.05. B) Heat map, in the first row of the graph, red represents samples
with low SNHG1 expression, green represents samples with high SNHG1 expression. In the clustering, red represents genes positively correlated with
SNHGI, and blue represents genes negatively correlated with SNHG1. C) Venn diagram, the violet circle represents the number of SNHG1 DEGs ob-
tained based on the GSE61218 dataset, the blue circle represents the number of SNHG1 DEGs obtained based on the GSE53819 dataset, and the middle

is the number of genes between the two datasets.

histochemical results are consistent with the bioinformatics
enrichment analysis results of the GEO database.

Discussion

NPC is a highly invasive and metastatic malignant tumor
that is widely prevalent in Southeast Asia and North Africa
[13]. Radiotherapy combined with chemotherapy is currently
the preferred treatment for NPC. However, severe adverse
reactions often occur after radiotherapy. Some patients are
diagnosed as mid- to late-stage, resulting in poor efficacy
of radiotherapy [14, 15]. Radio-chemotherapy resistance is
caused by a variety of factors, such as gene mutations, epigen-
etic changes, drug efflux, and other cellular and molecular
mechanisms [16]. Clinically, cancer metastasis is the main

cause of cancer recurrence and mortality [17]. The main
causes of metastasis in NPC can be divided into environ-
mental, genetic, epigenetic dysregulation, and viral infection.
These causes can lead to angiogenesis, cell junction destruc-
tion, cytoskeletal reorganization, protein kinase overex-
pression, increased mobility, escape from apoptosis, EMT,
and invasion [18]. In order to improve the diagnosis and
treatment of NPC, finding and establishing reliable biolog-
ical markers for NPC is an important issue to be urgently
resolved.

LncRNAs are non-coding RNAs with a length of more
than 200 nucleotides. They play an important role in many
life activities and have become a hotspot in genetic research.
IncRNA SNHGs belong to long-chain non-coding RNA,
and their primary transcripts can be spliced into different
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Figure 5. Protein-Protein Interaction (PPI) network of DEGs in GSE61218 dataset. A) SNHG1 related DEGs were obtained and input into the STRING
database to obtain a PPI network graph. We input the result file into Cytoscape, and analyzed the core targets of the PPI network, then sorted them
according to Degree. The darker the color (the redder), the more related the gene was. B-E) We obtained 4 different subnets using the Cytoscape plugin
MCODE.
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exons and introns, and their introns can be further processed
into snoRNA and play a role in the nucleolus [19]. Studies
have shown that SNHGs are involved in regulating the
proliferation, autophagy, migration, invasion, apoptosis,
and metabolic reprogramming of tumor cells in malignant
tumors, and are closely related to the clinicopathological
staging, distal metastasis, and prognosis of cancer patients

[20-21].

SNHGTI plays a key role in the occurrence and develop-
ment of cancers and has become a new carcinogen among
various cancers [22-27]. SNHGI can inhibit the apoptosis of
esophageal cancer cells, and through competitive binding to
miR-338, it can downregulate miR-338 expression, thereby
promoting the proliferation, migration, and invasion of
ESCA cells [28]. The expression level of SNHG1 in LIHC is

closely related to tumor size, TNM stage, and survival time
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[29]. SNHGI is upregulated in COAD tissue, which is associ-
ated with reduced patient survival. After being knocked
down, it significantly inhibits the growth of COAD cells
[30]. SNHGI interacts competitively with hnRNPL to inhibit
the expression of protein E-cadherin, thereby activating the
EMT pathway and ultimately promoting the metastasis of
prostate cancer [31]. Zhou et al. found that SNHG1 could
promote NPC development by inhibiting the expression of
miR-424-5p [12]. However, further study is still needed to
reveal the targets, pathways, and networks associated with
SNHGI in NPC.

Based on bioinformatics methods, we found that SNHG1
was significantly overexpressed in HNSC. The expression of
SNHGTI is also significantly upregulated in the NPC datasets
(GSE61218 and GSE53819) from the GEO database. The
AUC of SNHG1 diagnostic performance is above 0.75 in both
GEO datasets, indicating that SNHGI has a high predictive
ability in the diagnosis of NPC. The RT-qPCR result revealed
the transcription level of SNHG1 in NPC tissues was signifi-
cantly upregulated, which was consistent with the bioin-
formatics analysis results of the GEO database. Therefore,
the upregulation of SNHGI1 expression is closely related to
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the occurrence and development of NPC and is a potential
new diagnostic target for NPC. TME is an important factor
affecting the potential of tumor biology, especially immune
cell infiltration. We found the expression of SNHGI in
HNSC increased significantly with various clinical character-
istics of patients, including HPV virus infection. SNHG1 was
positively correlated with T cell CD4+ memory activated, T
cell CD4+ Thl and T cell CD4+ Th2, negatively correlated
with T cell CD4+ central memory and T cell CD4+ memory
resting in HNSC-HPV+. SNHGI was positively correlated
with T cell CD8+ naive and T cell CD8+ effector memory in
HSNC-HPV+.

The results of DEGs analysis in the GSE61218 and
GSE53819 datasets showed that 159 genes such as ZNF84,
TGIF2, ADNP, BRIX1, ATATAT1, SYCE2, and E2F5 were
closely related to the expression of SNHG1 in NPC. Through
KEGG enrichment analysis, these genes are significantly
enriched in signal pathways such as Cytokine-Cytokine
receptor interaction, PI3K-AKT signaling pathway, Chemo-
kine signaling pathway, etc. Especially, the PI3K-AKT
signaling pathway was significantly enriched in both GEO
datasets.
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blue), while the larger the bubble, the more genes enriched in this signaling pathway.
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Figure 9. H&E staining results of nasopharyngitis (NPS) and NPC. Note: The left image is 20x, and the right image is 40x.

PI3K-AKT signaling pathway is an important signal
transduction pathway in the occurrence and development
of malignant tumors. Activation of the PI3K-AKT signaling
pathway can inhibit cell apoptosis, accelerate cell growth,
neovascularization, and promote the invasion and metastasis
of malignant tumors [32-35]. PI3K is abnormally activated in
various cancers such as NPC. It promotes the proliferation and
invasion of cancer cells by phosphorylating various substrates
and plays an important role in the development of cancer
and the drug action mechanisms [36]. PI3K is an important
growth regulator and is considered to be one of the important
reasons for chemotherapy resistance in cancer treatment [37].
Activated PI3K cooperates with phosphoinositide-dependent
protein kinase 1 (PDK1), phosphorylates the Ser473 and
Thr308 sites of AKT, generates p-AKT to activate AKT, and is
involved in regulating cancer cell proliferation, apoptosis, and
angiogenesis [38-41]. SNHG1 can promote the expression of
NUAKI by downregulating miR-145-5p, thereby promoting
the invasiveness of NPC cells through the AKT signaling
pathway [6]. The upstream targets of the PI3K-AKT signal
transduction pathway include EGFR. A positive correlation
between phosphorylated EGFR and phosphorylated AKT
was detected in NPC patients, indicating that EGFR regulates
AKT activation in NPC [42]. EGFR-specific tyrosine kinase
inhibitor inhibits EGFR significantly, then inhibits the growth
of NPC cells [43]. These studies demonstrate the importance
of the PI3K-AKT signaling pathway in NPC.

We used immunohistochemical staining to detect and
analyze the expression level of the PI3K protein in NPS and
NPC tissues. We found that PI3K, AKT, and EGFR proteins
were upregulated in NPC tissues compared to NPS. These

results are consistent with the KEGG enrichment analysis
of GEO datasets, which confirmed that SNHG1 may act on
NPC through the PI3K-AKT signal pathway.

Compared with NPS, the cells in NPC tissue samples are
characterized by oval or spindle shape; significant hetero-
morphism, large, deeply stained, or vacuolate nuclei; unbal-
ance in nucleocytoplasmic ratio; prominent nucleoli and
mitotic figures. The heteromorphism of NPC cells is mainly
due to the unlimited proliferation of cancer cells, which can
cause invasion and damage to normal cells, and can also
metastasize to a distant location. Generally, the greater the
heteromorphism, the higher the degree of malignancy. One
of the main reasons for the malignant progression of tumors
is the inhibition of cell apoptosis. The main characteristics of
apoptosis are phosphatidylserine externalization, mitochon-
drial membrane depolarization, CASP3 activation, and
DNA breakage, among which CASP3 is the most important
terminal-cleaving enzyme in the process of cell apoptosis
[44, 45]. We used the THC method to detect CASP3 protein
in NPC tissues, and the results confirmed that the malignant
progression of NPC is related to the decrease of apoptosis
induced by CASP3. And CASP3 is reported to be suppressed
by PI3K-AKT pathway agonists [46]. Whether SNHGI1
regulates CASP3 protein in NPC remains to be further
verified by more experiments.

In summary, SNHGI is significantly overexpressed
in NPC tissue and has good diagnostic performance for
NPC, and its related DEGs are significantly enriched in the
PI3K-AKT signaling pathway. Based on experimental results,
we found that the PI3K-AKT signaling pathway has been
activated. Therefore, we concluded that SNHGI is a potential
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Figure 10. IHC staining results of the PI3K-AKT pathway proteins in NPS and NPC. Note: The PI3K, AKT, p-AKT, and EGFR positive expressed in
NPC samples, and CASP3 positive in NPS (20x on the left and 40x on the right in each target protein group).
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