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NDCS80 kinetochore complex component is a potential
molecular target of adenoid cystic carcinoma
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Abstract. Adenoid cystic carcinoma (ACC) is a slow-growing
malignant tumour that primarily originates from the major
and minor salivary glands. The relationship between the
NDCS80 kinetochore complex component (NUF2) and ACC
remains to be elucidated. The present study obtained gene
expression information from the Gene Expression Omnibus
database (GSE88804 and GSE153002). Differentially
expressed genes were identified by using the ‘limma’
package in R. A protein-protein interaction network was
constructed with the Search Tool for Retrieval of Interacting
Genes/Proteins database and key genes were extracted using
Cytoscape software. Analysis of differential expression levels
of hub genes in tumour and normal tissue was performed
using Tumour Immune Estimation Resource (TIMER)
and GSE36820 profiles. Gene Ontology enrichment was
subsequently analysed based on differences in NUF2 expres-
sion in tumour tissues. In addition, single sample Gene Set
Enrichment Analysis (ssGSEA) was used for the quantitative
analysis of immune cell infiltration in ACC. Western blotting
and immunohistochemistry were used to assess NUF2 expres-
sion levels in tumour and adjacent non-tumour tissues. Small
interfering RNA (siRNA) was used to decrease NUF2 expres-
sion in ACC cell lines. The biological functions of NUF2
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were analysed using Cell Counting Kit-8 and wound healing
assays. A total of 248 differential genes were identified by
differential expression analyses, with 113 genes upregulated
and 135 downregulated. A total of 7 hub genes, namely,
CDK1, budding uninhibited by benzimidazoles 1 mitotic
checkpoint serine/threonine kinase B, DNA topoisomerase 11
a, cyclin B2, NUF2, budding uninhibited by benzimidazoles
1 and centromere protein F, were obtained using the ‘cyto-
Hubba’ plugin. The TIMER, standardized and GSE36820
databases revealed that the expression levels of NUF2 were
higher in ACC tissues compared with normal tissue samples.
Western blotting and immunohistochemical staining of
ACC tissues provided evidence of NUF2 upregulation in
ACC tissue compared with normal tissue. NUF2-related
genes were enriched in ‘ameboidal-type cell migration’,
‘collagen-containing extracellular matrix’” and ‘actin binding’.
ssSGSEA analysis revealed that the expression level of NUF2
was notably associated with activated CD4* T cells, memory
B cell and plasmacytoid dendritic cell. ACC cells transfected
with NUF2 siRNA exhibited decreased proliferation and
migration compared with the control. In conclusion, NUF2 is
upregulated in ACC and is associated with immune cell infil-
tration. Functional studies demonstrated that NUF2 promotes
ACC cell proliferation and migration, suggesting its potential
as a therapeutic target for ACC.

Introduction

Adenoid cystic carcinoma (ACC), also known as cylin-
droma, is a rare malignant tumour that accounts for 1%
of all head and neck cancer (HNSC) and 10% of salivary
gland malignancies (1). Salivary glands are the most
common site of ACC, but tumours may also occur in the
lacrimal glands (2), breast (3), nasal cavity and paranasal
sinus (4) vulva (5) and skin (6). ACC occurring in the vulvar
region predominantly arises from the Bartholin's gland.
Although characterized by indolent growth, this malig-
nancy commonly exhibits perineural invasion (7). The age
of onset is between 18 and 90 years; however, no notable
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differences have been identified between the sexes (8,9). At
present, the common treatment is surgery with or without
radiotherapy, as no approved systemic therapy exists. ACC
of the head and neck progresses relatively slowly and indo-
lently, resulting in 5- and 10-year patient survival rates of
~85 and 67%, respectively (8). However, long-term outcomes
have revealed a decline in the 20-year overall survival rate
of ~20% (10), which is primarily associated with nerve inva-
sion, local control failure and distant metastasis (11). Due
to the complexity of its clinical biological behaviour and
the challenges in clinical treatment, ACC requires further
investigation.

NDC80 kinetochore complex component (NUF2) is
the gene encoding the protein cell division cycle associated
1, which serves a key role in ensuring proper chromosomal
segregation and is a key component of the NDC80/NUF2
complex (12,13). Previous studies have reported that the
expression level of the NUF2 gene increases in various cancer
tissues and it is closely associated with tumorigenesis and
progression, including hepatocellular carcinoma, clear cell
renal cell carcinoma, gastric and breast cancer (13-17). It has
been reported that in ovarian cancer, lung adenocarcinoma
and breast cancer, downregulating the expression level of the
NUF2 gene not only inhibits cell proliferation and colony
formation, but also promotes apoptosis (18-20). These studies
support the possible role of NUF2 in tumorigenesis.

Collectively, the high recurrence rate (50%) (21) and
distant metastasis of ACC underscore the need for novel
molecular targets. The established role of NUF2 in prolifera-
tion and migration positions it as a plausible contributor to
ACC aggressiveness. However, to the best of our knowledge,
no studies have investigated the function of NUF2 in ACC,
leaving its therapeutic potential unexplored. Therefore,
the aim of the present study was to screen the hub genes
distinguishing ACC from normal tissues by the application
of bioinformatics techniques. The present study identified
the key role of NUF2 in ACC by analysing public data-
sets and further validated these findings using functional
experiments.

Materials and methods

Patients and samples. ACC tissues and paired adjacent
normal tissue samples were obtained from patients with ACC
undergoing surgery at Suzhou Hospital, Affiliated Hospital of
Medical School, Nanjing University (Suzhou, China) between
October 2021 and December 2024 for immunohistochemistry
(IHC) and western blotting analysis. The inclusion criteria were
as follows: 1) Age, 18-80 years; ii) postoperative pathological
confirmation of adenoid cystic carcinoma; and iii) availability
of complete clinical data. The exclusion criterion was a history
of prior radiotherapy or chemotherapy. Due to the low incidence
of ACC at Suzhou Hospital, Affiliated Hospital of Medical
School, Nanjing University, only 2 patients met the inclusion
criteria during the present study period. The present study
was approved by the Ethics Committee of Suzhou Hospital,
Affiliated Hospital of Medical School, Nanjing University
(approval no. IRB2020094; Suzhou, China). Included patients
signed a consent form that authorized the use of their tissues
in the present study.

ACC dataset. In the present study, datasets were obtained from
the GEO data repository (https:/www.ncbi.nlm.nih.gov/geo/).
The GSE88804 dataset contained 13 surgical samples of ACC
with 7 normal samples (22). The GSE153002 dataset was
composed of 30 ACC samples and 7 normal samples (23).
The GSE36820 dataset included 11 ACC samples and 3
normal samples (https:/www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE36820). The GSE88804 and GSE153002 datasets
were merged and normalized utilizing the ‘sva’ R package
(version no. 3.58.0; https://www.bioconductor.org/pack-
ages/release/bioc/html/sva.html; R Development Core Team;
Bioconductor) and the normalized data were used for
subsequent study. The GSE36820 dataset was utilized for
verification.

Differentially expressed genes (DEGs). The R package
‘limma’ (version 3.58.1; https://bioinf.wehi.edu.au/limma/;
R Development Core Team; Bioconductor) was used for the
merged dataset. The fold-change (FC) was calculated using
false discovery and the Benjamini-Hochberg method was
used to adjust the original P-values (24). Based on adjusted
P<0.05 and log,FC >1, the present study identified the DEGs
in the merged dataset with the ‘limma’ package. Subsequently,
a volcano plot and heatmap were generated to visualize the
results.

Protein-protein interaction (PPI) network construction
and hub gene exploration. The Search Tool for Retrieval
of Interacting Genes/Proteins (STRING) database
(https://cn.string-db.org/cgi/input?sessionld=bXmYsv7CnUr
Hé&input_page_active_form=multiple_identifiers) displayed
the relationships between proteins in the form of network
graphs. In the present study, the DEGs were uploaded to the
STRING website to construct a PPI network for the prediction
of vital genes with a confidence score >0.4 and the organism
was set to Homo sapiens. The network data were exported
and imported to Cytoscape software (version 3.9.0) for anal-
ysis and visualization of the molecular interaction diagrams.
Subsequently, ‘cytoHubba’, a plugin tool in Cytoscape (25),
was used to separately identify the first hub genes based
on three topological analysis methods, including degree,
maximum clique centrality (MCC) and maximum network
connectivity (MNC). The intersection of these genes were
subsequently visualized.

Expression and validation analysis of NUF2. Tamour Immune
Estimation Resource (TIMER) 2.0 is a database that utilizes
RNA-sequencing (RNA-seq) expression profile data to analyse
differential gene expression in tumours (http:/timer.cistrome.
org/). The differences in NUF2 expression between normal
and cancer tissues in different cancer types were determined
using the TIMER 2.0 database (26). In the present study, NUF2
was inputted into the ‘Gene_DE’ module (https:/compbio.
cn/timer2/) of the TIMER 2.0 database and the difference in
NUF?2 expression between normal and cancer tissues from
different tumours in The Cancer Genome Atlas database was
analysed (27).

The present study used box plots to depict the differential
expression level of NUF2 in normal and tumour tissues using
the combined dataset, after which the present study validated
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the differential expression level of NUF2 in the GSE36820
dataset.

Functional enrichment analysis. Based on the median expres-
sion levels of NUF2 in tumour tissues, the two groups were
divided into high- and low-expression groups and the differ-
ences were analysed using the ‘limma’ package. LogFC >1 and
adjusted P<0.05 were set as the cut-off point for the DEGs. Gene
Ontology (GO) enrichment analysis of the DEGs was performed
with the ‘ClusterProfiler’ (version 4.10.0; https://yulab-smu.
top/biomedical-knowledge-mining-book/) and ‘org.Hs.eg.db’
(version 3.22; https://bioconductor.org/packages/org.Hs.eg.
db) package. Subsequently, the results were visualized using
a bubble diagram.

Immune infiltration analysis. TIMER is a web server used
to analyse the level of immune infiltration in different cancer
types. In the TIMER database, specific algorithms were used
to analyse the immune infiltration level. In the present study,
the relationship between NUF2 and immune cells in HNSC
was discussed.

To assess differences in immune cell infiltration, single
sample Gene Set Enrichment Analysis (ssGSEA) was
performed on RNA-seq data from the NUF2 high- and
low-expression groups.

IHC. The tissue samples were fixed in 10% neutral formalin
at room temperature for 24 h. THC staining was performed on
4-pum-thick paraffin-embedded tissue sections. The sections
were deparaffinized in xylene and rehydrated using a graded
ethanol series to water. Antigen retrieval was carried out in
citrate buffer (pH 6.0) at 121°C for 120 sec using a pres-
sure cooker. To quench endogenous peroxidase activity,
the sections were incubated in 3% hydrogen peroxide solu-
tion protected from light for 25 min at room temperature.
Non-specific binding sites were blocked with rabbit serum
(concentrated; cat. no. G1209; Wuhan Servicebio Technology
Co., Ltd.) for 30 min at room temperature. The sections
were then incubated with primary antibody [rabbit poly-
clonal antibodies against NUF2 (1:500; cat. no. 15731-1-AP;
Proteintech Group, Inc.)] overnight at 4°C in a humidified
chamber. Subsequently, the sections were incubated with
HRP-conjugated goat anti-rabbit secondary antibody (1:200;
cat. no. GB23303; Wuhan Servicebio Technology Co., Ltd.)
at room temperature for 50 min. Colour development was
performed using a DAB substrate kit according to the manu-
facturer's instructions (cat. no. G1212; Wuhan Servicebio
Technology Co., Ltd.) at room temperature, followed by
counterstaining with haematoxylin for ~3 min. Lastly, the
stained sections were imaged under a light microscope.
Each section was evaluated by two blinded, independent
pathologists. Discrepancies between the two pathologists
were resolved by a joint re-evaluation and discussion until a
consensus was reached. The percentages of positive tumour
cells were as follows: i) 1-25%; ii) 26-50%; iii) 51-75%; and
iv) 76-100%. The immunoreaction intensity was classified
as 0 (negative), 1 (weak), 2 (moderate), 3 (strong). The final
staining scores were calculated as the sum of the intensity
and positive rates scores and was graded as follows: O score,
negative (-); 1-3 scores, weakly positive (+); 4-5 scores,
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moderate positive (++) or 6-7 scores, strongly positive
(+++) (28).

Western blotting analysis. Proteins were isolated from
human ACC tissues and paired adjacent normal tissues using
RIPA buffer (Beyotime Institute of Biotechnology). The
protein concentration was determined by the BCA method.
Subsequently, 30 ug of protein was loaded onto an 10%
SDS-PAGE gel and then transferred to PVDF membranes. The
PVDF membranes were blocked with 5% milk at room temper-
ature for 1 h and then incubated with the primary antibody
against NUF2 (1:800; cat. no. 15731-1-AP; Proteintech Group,
Inc.) and GAPDH (1:10,000; cat. no. 10494-1-AP; Proteintech
Group, Inc.) overnight at 4°C. After washing with TBS-0.1%
Tween 20, the membranes were incubated with secondary
antibodies (HRP-conjugated Goat Anti-Rabbit IgG; 1:5,000;
cat. no. SA00001-2; Proteintech Group, Inc.) for 2 h at room
temperature. Lastly, the bands were detected using an ECL
substrate (Beyotime Institute of Biotechnology) according to
the manufacturer's instructions and an Amersham™ Imager
680 system (Cytiva).

Cell culture. The human salivary ACC (SACC)-83
cell line (cat. No. FHO0798; https://www.fudancell.
com/sys-pd/?pid=3836) was purchased from Shanghai Fuheng
Biotechnology Co., Ltd. The SACC-83 cell line was cultivated
in RPMI 1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 1% penicillin/streptomycin and 10% FBS
(cat. no. FH100-900; Shanghai Fuheng Biotechnology Co.,
Ltd) at 37°C in a 5% CO, atmosphere.

Small interfering RNA (siRNA) and transfection. siRNAs
targeting human the NUF2 gene and negative control
siRNA (si-NC) were purchased from Guangzhou RiboBio
Co., Ltd. SACC-83 cells were transfected with si-NC
(cat. no. siNO000001-1-5) or siNUF2 (Table SI) using
Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. The cells were
seeded into 6-well plates at a density of 2x10° cells/well before
transfection and cultured until they reached a confluency of
60-70%. Transfected cells were incubated at 37°C for 72 h and
then were collected for Cell Counting Kit-8 (CCK-8) assay and
wound healing assay.

CCK-8. After 72 h target gene suppression, the cells were
seeded in 96-well plates at a density of 1.5x10° cells/well. A
control group cultured with medium alone was established
in parallel. At 24, 48, 72 and 96 h, 10 ul of CCK-8 solu-
tion (MedChemExpress) was added to each well under
light-protected conditions. After a 2 h incubation, the absor-
bance at 450 nm was measured with a spectrophotometer
(Tecan Biotechnology).

Wound healing assay. SACC-83 cells transfected with
NUF2 siRNA were seeded in 6-well plates at a density of
1.5x10° cells/well and cultured overnight to reach 80-90%
confluence. Linear wounds were generated using a 1,000 ul
pipette tip held orthogonal to the plate surface. After the
cells were washed with post-scratch PBS, cellular debris
was removed and 2 ml of serum-free RPMI-1640 was
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Figure 1. DEGs in GSE88804 and GSE153002. (A) Volcano map of DEGs (blue represents downregulated genes and red represents upregulated genes).
(B) Heatmap of DEGs (blue represents down-regulated genes and red represents up-regulated genes). DEGs, differentially expressed genes; NUF2, NDC80

kinetochore complex component; GSE, Gene Set Enrichment.

added to mitigate the effects on proliferation. Cell migration
was observed under an inverted microscope at 0 and 24 h
post-culture. Quantification was conducted using ImageJ
software. The wound area at 0 and 24 h was first measured,
after which the wound closure rate was calculated. Wound
closure was defined as the percentage reduction in wound area
at 24 h relative to the initial wound area at O h. Each group
included three independent biological replicates, and all data
were presented as mean + SD.

Statistical analysis. To evaluate immune infiltrates, TIMER
2.0 employs partial Spearman's correlation, controlling for
tumour purity, to assess the association between the estimated
levels of immune infiltration and NUF2 expression. Data
obtained from the CCK-8 assay were analysed using one-way
ANOVA, followed by the Bonferroni post-hoc test. The wound
healing assay was analysed using an unpaired t-test. All
statistical tests were two-tailed. CCK-8 and wound healing
assay were performed in triplicate. The efficiency of NUF2
knockdown by each specific siRNA (si-1, si-2, and si-3) was
evaluated via Western blot. Quantitative data were compared
to the negative control group (si-NC) using one-way ANOVA,
followed by the Bonferroni post-hoc test. Statistical analyses
were performed with GraphPad Prism (version 10; Dotmatics).
For comparisons between two groups of independent samples,
such as tumour samples vs. normal control samples from
different individuals in the GEO datasets, the Mann-Whitney
U test was used. For comparisons involving paired samples
with sufficient sample size (n=5), the Wilcoxon signed-rank
test was employed. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Screening of DEGs. In the present study, three gene expres-
sion datasets, GSE88804, GSE153002 and GSE36820, were
downloaded from the GEO database. A total of 54 ACC with
17 normal salivary gland tissues data were obtained. In the
merged GSE88804 and GSE153002 datasets, the present study

applied the rectified data for differential expression analysis
and obtained 248 DEGs, including 113 upregulated genes and
135 downregulated genes (Fig. 1A and B).

PPI network and module analysis. To identify functionally
pivotal interactions, an established DEG-associated PPI
network was constructed using the STRING database and
analysed using Cytoscape software. Based on network degree
centrality analysis, the present study identified the top 10 hub
genes with the highest connectivity for further investigation
(Fig. 2A). Subsequently, the present study implemented the
MCC and MNC algorithms to enhance the robustness of hub
gene identification. The top 10 highest-scoring genes from each
method were obtained (Fig. 2B and C). To identify key genes,
the present study first selected the top 10 candidates from each
method (degree, MCC and MNC) and then performed inter-
section analysis to identify seven high-confidence hub genes
(CDK1, budding uninhibited by benzimidazoles 1 mitotic
checkpoint serine/threonine kinase B, DNA topoisomerase 11
a, cyclin B2, NUF2, budding uninhibited by benzimidazoles 1
and centromere protein F; Fig. 2D). The role of NUF2 in ACC
remains unexplored; a PubMed (https://pubmed.ncbi.nlm.nih.
gov/) search using the keywords ‘NUF2’ and ‘adenoid cystic
carcinoma’ yielded no relevant publications.

Expression and verification of NUF2. Analysis of the TIMER
database using the ‘Gene_DE’ module demonstrated that NUF2
was significantly highly upregulated in a variety of tumours
compared with normal tissues, such as liver hepatocellular
carcinoma, oesophageal carcinoma, stomach adenocarcinoma,
glioblastoma multiforme, breast invasive carcinoma and
colon adenocarcinoma (P<0.001; Fig. 3A). In the combined
and standardized datasets (GSE88804 and GSE153002), the
expression levels of NUF2 were also significantly higher in
tumour tissue samples compared with normal tissue samples
(P<0.001; Fig. 3B). Similarly, NUF2 expression was signifi-
cantly upregulated in ACC within the GSE36820 validation
set (P<0.01; Fig. 3C). These results were also supported by
western blotting analysis, which revealed a marked increase
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in NUF2 protein levels in ACC tissues (Fig. 3D). IHC analysis
of a preliminary set of paired samples (n=2) showed a trend of
higher NUF2 expression in ACC tissues (IHC scores, 6 and 6)
compared with their matched adjacent tissues (IHC scores, 3
and 4) (Fig. 3E).

GO enrichment analysis of DEGs. In the present study,
NUF2-related genes were significantly enriched in
‘ameboidal-type cell migration’, ‘chromosome segrega-
tion’, ‘nuclear division’ (P<0.01) in biological processes
and ‘collagen-containing extracellular matrix’ (P<0.05) in
molecular functions and ‘actin binding’ (P<0.05) in cellular

components (Fig. 4A-C), suggesting its potential role in ACC
cell metastasis and proliferation.

Correlations between immune cells and the expression levels
of NUF2 in ACC. To analyse the relationship between NUF2
expression and the state of tumour-infiltrating immune cells,
the TIMER database was used to assess the association in
HNSC tissues. The present study identified that NUF2 expres-
sion showed a significant but weak positive association with
the infiltration levels of CD4* T cells (p=0.296; P=2.08x10"),
neutrophils (p=0.183; P=4.59x10%). By contrast, NUF2
expression was negatively correlated with the infiltration of
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Figure 3. Expression level of NUF2 and immunohistochemistry. (A) Expression levels of NUF2 were analysed with the TIMER database. (B) Expression
levels of NUF2 were verified with a merged dataset (GSE88804 and GSE153002). (C) Expression levels of NUF2 were verified by the GSE36820 dataset.
(D) Expression levels of NUF2 in two ACC tissues and adjacent normal tissues assessed using western blotting. (E) Immunohistochemical staining results
demonstrated that both tumour tissue samples received a final score of 6, indicating strong NUF2 expression. By contrast, the matched adjacent tissues demon-

strated lower expression levels, with the upper adjacent tissue scoring 3 and the

lower adjacent tissue scoring 4. Magnification, x200. “P<0.01 and *“P<0.001.

siRNA, small interfering RNA; NUF2, NDC80 kinetochore complex component; TIMER, Tumour Immune Estimation Resource; GSE, Gene Set Enrichment;
ACC, adenoid cystic carcinoma; TPM, transcripts per million; N, normal; T, tumour.

CD8" T cells (p=-0.372; P=1.29x10""") and B cells (p=-0.32;
P=3.38x10""%), with the correlation to CD8+ T cells being
moderate. Only a very weak negative association was observed
between NUF2 expression and macrophage infiltration
(p=-0.104; P=2.08x10"%; Fig. 5A).

Subsequently, ssGSEA was used to evaluate the infiltra-
tion of 28 immune cells in each patient with ACC. The results
demonstrated that in the group with higher NUF2, activated

CD4" T cells, YAT cells, memory B cells and type 2 T helper
cells were significantly more abundant in infiltration (P<0.05).
The group with lower NUF2 expression demonstrated signifi-
cantly increased infiltration (P<0.05) of activated dendritic
cells, CD56 bright natural killer cells, central memory CD4* T
cells, central memory CD8* T cells, immature dendritic cells,
natural killer cells, natural killer T cells and plasmacytoid
dendritic cells (Fig. 5B).
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Figure 6. Knockdown efficiency of siNUF2 and NUF2 affects ACC proliferation and migration. (A) Western blotting analysis indicated the efficiency of NUF2
knockdown in SACC-83 cells transfected with si-NC and si-NUF2. (B) CCK-8 assay was used to assess the proliferation of the SACC-83 cells transfected with
si-NC and si-NUF2. (C and D) Wound healing assay was performed to assess the migration of the SACC-83 cells transfected with si-NC and si-NUF2 and
relative healing rate of SACC-83 after transfection. “P<0.01 and ““P<0.001. siRNA, small interfering RNA; NUF2, NDC80 kinetochore complex component;
CCK-8, Cell Counting Kit-8; NC, negative control; ACC, adenoid cystic carcinoma; SACC, salivary ACC.

NUF2 promotes ACC cell proliferation and migration in
vitro. To assess the biological effect of NUF2 in ACC cells,
SACC-83 cells were transfected with siRNAs to silence
NUF2 compared with the si-NC group. Western blotting was
subsequently used to evaluate the transfection efficiency. The
siRNA with the highest silencing efficiency, si-2, was selected
for subsequent functional studies (Fig. 6A).

In the present study, a CCK-8 assay was performed in ACC
cells. The downregulation of NUF2 expression significantly
inhibited (P<0.0001) the proliferation of ACC cells (Fig. 6B).
Subsequently, the present study explored the role of NUF2
in the migration of ACC cells using a wound healing assay.
The results revealed that knockdown of NUF2 significantly
diminished (P=0.0004) the migration capacity of ACC cells
(Fig. 6C and D).

Discussion

As a result of the high risk of local recurrence and delayed
distant metastases, the treatment outcomes for ACC remain
suboptimal (29). Further research on the molecular mecha-
nisms of ACC may offer potentially effective therapeutic
strategies or promising biomarkers in the future. However,
the sensitivity and specificity of these methods are limited.

Increasing evidence suggests that NUF2 serves key roles in
the development and progression of several tumours, such as
ovarian cancer, multiple myeloma and hepatocellular carci-
noma (20,30,31). However, the role of NUF2 in ACC remains
to be elucidated and further research is warranted.

In the present study, the GEO database, western blotting
and THC analysis were used for gene expression analysis. The
high expression level of NUF2 in tumour tissues and its low
expression in normal tissues are consistent with previous find-
ings (14,15,30). Furthermore, several studies have reported that
NUF2 upregulation is associated with clinical stage and poor
prognosis in adrenocortical cancer, kidney renal clear cell
carcinoma, kidney renal papillary cell carcinoma and multiple
myeloma (30,31). Fundamental research and clinical trials are
needed to further validate NUF2 as a therapeutic target in
ACC.

Several studies have reported that targeted regulation of
NUF?2 can inhibit cancer cell proliferation and migration.
Liu er al (32) reported that silencing NUF2 expression could
slow cell proliferation in human hepatocellular carcinomas.
Furthermore, downregulation of NUF2 expression reduced the
migratory ability of lung adenocarcinoma cells (18), which is
consistent with the present study finding. In the present study,
the GO analysis results revealed that NUF2 is potentially
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involved in regulating both proliferation and migration
processes in ACC.

Malignant tumours are composed of tumour cells, immune
cells and non-immune cells. Immune and non-immune cells
constitute the tumour microenvironment (TME), which
includes components such as fibroblasts, nerves, immune cells
and various cytokines and vascular systems (33). Increasing
research has highlighted the key role of the TME in the genesis
and progression of several malignancies such as laryngeal
squamous cell carcinoma, brain metastasis (33-36) and liver
cancer (37). Based on the status and distribution of immune
cells, tumours are categorized into three immune phenotypes,
including immune-desert (‘cold’ tumours), immune-exclusive
and immune inflammatory (‘hot’ tumours) (38). ‘Hot’
tumours are characterized by abundant T-cell infiltration and
exhibit good response to immune checkpoint inhibitors (39).
Immunotherapy for numerous types of cancer has made
notable progress. Immunotherapy is now a main therapeutic
choice for advanced melanoma, renal cell carcinoma and
renal cell carcinoma and is regarded as a promising method
for cancer therapy (40-42). However, the expression levels of
programmed death-ligand 1, cytotoxic T-cell antigen 4 and
programmed death receptor 1 are low in the environment of
ACC (43). Furthermore, several studies on the use of immuno-
therapy in ACC have reported unsatisfactory results (44,45).
Li et al (46) identified that NUF2 is associated with the
immune infiltration of certain immune cells, such as CD8* T
Cells, B cells, natural killer cells and neutrophils. and has a
major function in the regulation of cancer immunology. The
present study results regarding the immune microenvironment
suggested that elevated NUF2 expression in ACC is correlated
with the infiltration of activated CD4* T cells, memory B cells
and type 2 T helper cells. Further characterization indicated
that high NUF2 expression was associated with increased
infiltration of activated CD4* T cells, memory B cells and
type 2 T helper cells, but decreased infiltration of plasmacy-
toid dendritic cells, activated dendritic cells and natural killer
T cells. These findings suggest that the expression levels of
NUF2 may influence the recruitment or activity of immune
cells within the TME.

The present study had certain limitations. First, a notable
limitation to consider is that HNSC and salivary gland
cancer are distinct pathological entities. Consequently,
extrapolating immune-related findings from this HNSCC
cohort to ACC should be interpreted with caution. Second,
the observed correlation between NUF2 expression and
immune cell infiltration was inferred solely using in silico
analysis using the ssGSEA algorithm. Immune correla-
tions derived from bulk RNA-seq data can be susceptible
to confounding factors such as tumour purity and stromal
contamination (47). Additionally, the correlation analyses
between NUF2 and immune cells derived from the TIMER
database, particularly those involving CD4* T cells, neutro-
phils and macrophages, demonstrated weak associations, and
their biological relevance remains to be determined. Third,
the present study had a limited sample size. Therefore, to
overcome these constraints, the collection of additional
ACC specimens and the use of multiplex IHC coupled with
flow cytometry in future studies may be used to validate the
present study findings.
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In summary, to the best of our knowledge, the present
study provides the first analysis of the expression pattern of
NUF2 in ACC. The present study results demonstrated that
NUF2 is upregulated in ACC compared with that of adjacent
tissues and NUF2 expression is correlated with immune cell
infiltration. These findings may be potentially translated into
effective clinical interventions in the future.
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