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To explore the key genes associated with the development and progression of adenoid cystic carcinoma (ACC),
with the aim of exploring novel biomarkers that can better diagnose ACC, and thus better improve patient
prognosis. The GSE59701 and GSE88804 datasets (containing transcriptomic data for a total of 19 normal
samples and 20 tumor samples) were downloaded from the Gene Expression Omnibus (GEO) database,
combined into one dataset and used to remove batch effects using the SVA algorithm. A total of 711 differentially
expressed genes (DEGs) were screened by using the limma package. The metscape database (www. metascape.
org) was used for gene ontology (GO) analysis and gene-specific Kyoto Genome Encyclopedia (KEGG)
pathway analysis, which showed that the main enriched pathways of DEGs were kinase activity, fertility
properties, extracellular matrix structural components, tryptophan metabolism, cancer pathway, PI3K-Akt
signaling pathway. The STRING database was used to construct protein-protein interaction (PPI) networks for
DEGs, and Cytoscape software was used to visualize the result. Lasso regression and SVM algorithm screened
3 key genes: GABBRI, ITGA9 and MLKL. The results of GSEA on key genes showed that they are mainly
enriched in pathways such as cell cycle, and taste transduction mechanisms. CIBERSORT algorithm was used
to analyze immune cell infiltration, the "corrplot" package was used to analyze the interaction relationships
between immune cells. Spearman correlation analysis demonstrated that GABBR1, ITGA9 and MLKL were
all strongly correlated with differentially expressed immune cells. Moreover, correlation analysis of key and
differentially regulated genes showed that GABBR1 and MLKL were significantly correlated with MYB
and TP53, respectively. In conclusion, GABBR1, ITGA9 and MLKL affect the progression of ACC, where
GABBRI1 and MLKL may regulate ACC through MYB and TP53, and the relationship between ITGA9 and
ECM and PI3K-Akt may have some influence on the development of ACC.
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Introduction

can produce significant toxicity, and systemic therapy has
limitations (10). Therefore, further research on the mole-

Adenoid cystic carcinoma (ACC) is a heterogeneous
secretory gland malignancy originating from the interca-
lated duct reserve cells of the salivary gland (1,2). The
prognosis of ACC tends to be unsatisfactory, owing to
the characteristics of perineural infiltration, an infiltra-
ting growth pattern and a relatively high probability of
distant metastasis (3). Approximately 40-50% of patients
experience local regional recurrence and 60% experience
distant metastases (4). The research results in proteomics,
genomics and clinical data have shown that ACC-I and
ACC-II have positive therapeutic implications which the
percentage of patients with ACC-I subtype is about 37%
and the percentage of patients with ACC-II subtype is
about 63% (1).

Currently, it has been demonstrated that transmem-
brane receptor (NOTCHI), vascular endothelial growth
factor (VEGF) and proto-oncogene (MY B), nerve growth
factor (NGF) involved in the differentiation, proliferation,
invasion and metastasis of ACC cells (5-7). And some
therapies have been developed on this basis (1,8,9). Ne-
vertheless, cytotoxic drugs and VEGF inhibitor therapies

cular and pathological mechanisms is critically required.

The dramatic growth of bioinformatics and the rapid
refinement of online databases and analytical tools have
driven a vast amount of scientific research based on data
analysis (11-13). So far, research on ACC has been limited
to the identification of key factors that regulate tumor pro-
liferation, recurrence and metastasis, but these findings are
far from being relevant to the difficulties encountered in
the treatment of ACC (14-16). By reason of the foregoing,
our study aimed to further explore the molecular biology
and unclear mechanisms of ACC and to provide some
theoretical support for the development of novel biomar-
kers, thus improving patient prognosis.

Materials and Methods

Data resource

The mRNA expression profiling datasets of Ade-
noid cystic carcinoma-related data set GSE59701 and
GSE88804 both based on GPL6244 (HuGene-1_0-st) Af-
fymetrix Human Gene 1.0 ST Array (transcript (gene) ver-
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sion) were downloaded from the GEO database (https://
www.ncbi.nlm.nih.gov/geo/). The GSE59701 dataset
contained 12 human salivary glands with adenoid cys-
tic cancer and 12 matched normal adjacent tissues. The
GSE88804 dataset contained 13 surgical samples of ACC,
2 ACC xenografts, and 7 normal salivary gland tissues
(NSGs). The GSE59701 and GSE88804 datasets were
merged and normalized using the “sva” R package, using
the normalized data for subsequent analysis.

Recognition and analysis of differentially expressed
genes

On the basis of P < 0.05 and |[Log,FoldChange(FC)| >
1.5, we first excavated the differentially expressed genes
(DEGs) in the merged dataset through ‘limma’ package.
Then, we applied the Metascape database (www.metas-
cape.org) and annotated and visualized the DEGs. Gene
ontology (GO) analysis and Kyoto Encyclopedia of Geno-
mic Genes (KEGQ) for enrichment pathway analysis of
DEGs. The critical value of enrichment was set as Min
overlap> 3 and P <0.01. The STRING database was used
to construct protein-protein interaction (PPI) networks for
DEGs, and Cytoscape software was used to visualize the
result.

Identification and analysis of key genes

Lasso regression algorithm (" glmnet "software pac-
kage) and SVM feature selection algorithm (" e1071"
software package) were used to screen the ACC key genes
in 711 DEGs, then the intersection genes of the two al-
gorithms were selected. The differences in the KEGG
pathway between the high and low-expression groups of
key genes were investigated using GSEA software (https://
www.broadinstitute.org/gsea) (substitutions: 1000, type:
phenotype). RcisTarget was used to identify enriched
transcription factor (TF) binding motifs and candidate
TFS. Motifs were annotated to TFs based on pathway en-
richment analysis, and those with NES >3 were retained.

Immune infiltration analysis

RNA-seq data from the normal and tumor groups were
analyzed using the CIBERSORT algorithm to calculate
the relative proportion of immune infiltrating cells. The
interaction between immune cells was analyzed using the
""corrplot"" package. The relative content of immune cells
was plotted using the "vioplot" package, and Spearman
correlation analysis was performed between the level of
immune cell infiltration and gene expression. P <0.05 was
considered to be statistically different.

Key genes and disease regulatory genes in ACC

Pearson correlation analysis was conducted to deter-
mine the relationship between key genes and differentially
expressed disease regulatory genes in adenoid cystic car-
cinoma.

Results

Recognition and analysis of differentially expressed
genes

We used the rectified data for differential expression
analysis and obtained 711 DEGs, including 372 up-regula-
ted genes and 339 down-regulated genes (Figure 1). Then,
we executed a functional enrichment analysis of the role

of 711 DEGs in ACC. As is demonstrated in Figure 2A-B,
the DEGs mainly focused on the kinase activity, develop-
mental growth, extracellular matrix structural constituent,
Tryptophan metabolism, Pathways in cancer, and PI3K-
Akt signaling pathway. Furthermore, the PPI network of
711 DEGs was painted through the STRING database
(Figure 2C).

Identification of key genes

Aiming to identify the biomarkers of ACC, we per-
formed feature screening by LASSO regression, and the
regression coefficient path diagram demonstrated the cor-
responding coefficients for each gene, and the optimal
threshold of 10 gene coefficients was selected based on
the cross-validation curve (Figure 3a-b). Simultaneously,
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Figure 1. Volcano map of differentially expressed genes (DEG).
(Purple represents down-regulated genes and yellow represents down-
regulated genes; the black nodes represent genes with P-value > 0.05).

Figure 2. Enrichment pathway analysis of DEGs. (a) Bar chart of the
top 20 enrichment items; (b) Network diagram displaying rich termi-

nology; (c¢) The PPI network.
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Figure 3. Identification of key genes. (a) Distribution of lasso coeffi-
cients in Lasso regression; (b) Confidence interval for each lambda;
(c) SVM feature selection algorithm; (d) Venn diagram.
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we used the SVM-RFE algorithm to evaluate key genes
(Figure 3c). As shown in Figure 3d, we plotted Venn dia-
grams to screen for co-genes to both algorithms, the GAB-
BR1, ITGA9 and MLKL will be used as key genes for
subsequent study.

GSEA of key genes

GSEA for analysis of KEGG pathway enriched by high
and low expression groups of key genes. As shown in Fi-
gure 4, high expression of GABBR1 is mainly enriched in
the KEGG CELL CYCLE, KEGG SPLICEOSOME and
KEGG TASTE TRANSDUCTION; high expression of
ITGAO9 is mainly enriched in the KEGG TASTE TRANS-
DUCTION, KEGG CELL CYCLE and KEGG ADHE-
RENS JUNCTION; high expression of MLKL is mainly
enriched in the KEGG GLYCEROLIPID METABOLISM,
KEGG INTESTINAL IMMUNE NETWORK FOR IGA
PRODUCTION and KEGG ARGININE AND PROLINE
METABOLISM.

Immune infiltration analysis

The immune microenvironment is made up of immune
cells, extracellular matrix, various growth factors, inflam-
matory factors and specific physicochemical characteris-
tics, which have an essential influence on the diagnosis and
clinical treatment sensitivity of tumors. Figure 5 shows the
T cells CD8, NK cells activated, Macrophages MO and T
cells CD4 native (P=0.052) were significantly increased in
the tumor group, compared with the normal group.

Immune cell infiltration and key genes

To further explore the potential molecular mecha-
nisms of key genes affecting the progression of adenoid
cystic carcinoma, we analyzed the relationship between
key genes and immune cell infiltration. Spearman corre-
lation analysis showed that GABBR1, ITGA9 and MLKL
were strongly correlated with differentially immune cells
(Figure 6). Among them, GABBRI1 positively correlated
with T cells CD4 native (correlation coefficient = 0.44)
and negatively correlated with Monocytes (correlation
coefficient = -0.5); ITGA9 was positively correlated with
NK cells activated (correlation coefficient = 0.45) and
negatively correlated with Macrophages M1 (correlation
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Figure 4. Enrichment pathway of key genes.
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Figure 5. Immune infiltration analysis. (a) Differences in immune
infiltration between the normal and ACC groups; (b) Correlation heat
map between 22 immune cells; (c) Differentially infiltrated immune
cells.
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Figure 6. Correlation between key genes and differentially immune
cells.
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Figure 7. Enrichment analysis of key genes transcription factors. (a)
Histogram of AUC: the red vertical line indicates the significance
level, and the primitives with AUC greater than the significance level
are considered significant. (b) Recovery curves: the red line indicates
the global mean of the base sequence recovery curve, the green line
indicates the standard deviation & mean, and the blue line indicates the
recovery curve of the current motif. A primitive sequence larger than

the mean + standard deviation is considered statistically significant.

coefficient = -0.5); MLKL was positively correlated with
Macrophages M1 (correlation coefficient = 0.44).

Enrichment analysis of key genes transcription factors
RcisTarge was able to identify over-expressed trans-
cription factors (TF) in the gene list combined with motifs
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and perform enrichment analysis. As shown in Figure 7,
the highest NES of Motif-TF annotated as cisbp  M0564
was 16.3, and 2 key genes were enriched in this motif. It
indicates that the transcription-binding structural domain
was the main regulator of the key genes.

Correlation analysis of key genes and disease regula-
tory genes

Disease regulatory genes are involved in disease occur-
rence and progression. Thus, we identified disease regu-
latory genes such as BRCA1, CDHI1, CTNNBI1, MET,
MUCI1, MYB, NFIB, and TP53 as significantly different
in the normal and tumor groups (Figure 8a). Correlation
analysis of key genes and differentially disease regulato-
ry genes showed that GABBR1 was significantly positi-
vely correlated with MYB (correlation coefficient = 0.9);
MLKL was significantly negatively correlated with TP53
(correlation coefficient = -0.89) (Figure 8b). The above
results suggest that GABBR1 and MLKL may be involved
in the regulation of ACC by MYB and TP53, respectively.

Discussion

As a result of the high risk of invasion of adjacent soft
tissues, bones and nerves, ACC is considered to be a high-
ly heterogeneous malignancy that is almost impossible to
cure (2,17,18). Currently, various types of treatments such
as surgical resection, radiotherapy and chemotherapeutic
drugs are used to control the disease but do not prevent its
recurrence (3,19). Identifying potential ACC biomarkers
and investigating their role in the origin, progression and
metastasis of the disease is critical to advancing the status
of ACC research and treatment. Previously, several reports
stated that MYB as a key transcriptional regulator affec-
ting clinical outcomes in patients with ACC (20-22), and
also found that NOTCH1 and RUNX1 regulate a series of
key ACC-related genes (23).

In this study, GSE59701 and GSE88804 from Gene
Expression Omnibus (GEO) database were used for gene
expression analysis. Firstly, 711 DEGs were identified,
which were mainly enriched in kinase activity, fertility
properties, extracellular matrix structural components,
tryptophan metabolism, cancer pathway and PI3K-Akt
signaling pathway. Similarly, the DEG of ACC was found
to be enriched in the cancer pathway and PI3K-Akt si-
gnaling pathway in a study by Tang et al. (24) on ACC.
Furthermore, we obtained GABBR1, ITGA9 and MLKL
as ACC key genes by using LASSO and SVM algorithm
screening. Subsequently, we further explored the biolo-
gical pathways and molecular mechanisms of GABBRI,
ITGA9 and MLKL through pathway enrichment, immune
infiltration analysis and association with disease genes.

Wau et al. (25) suggested that ITGA9 is a potential bio-
marker and therapeutic target in different tumors. ITGA9
regulates the PI3K-Akt pathway through a reaction
between the cell membrane and the extracellular matrix
(ECM). Moreover, cell-ECM interactions play a vital role
in ACC biological processes, such as cell adhesion, cell
contact and gene expression leading to cell migration, pro-
liferation and differentiation. ECM components accumula-
ted in the cell interstitial space give rise to typical morpho-
logical structures in the ACC (26). Consequently, based
on the results of this study and previous reports, it is rea-
sonable to speculate that the relationship between ITGA9
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Figure 8. Correlation analysis between key genes and disease regu-
latory genes. (a) Differentially expressed disease regulatory genes (b)

Correlation analysis of key genes with disease regulatory genes.

and ECM as well as PI3K-Akt may have a non-negligible
impact on the development of ACC, suggesting that conti-
nued exploration of the relationship between the three in
future studies is essential for a closer understanding of the
development of ACC.

Correlation analysis of key genes and differentially ex-
pressed disease genes in ACC revealed that GABBR1 was
significantly and positively correlated with MYB. MYB
is an oncogene located on chromosome 6. Several reports
stated that MYB fusions with the NFIB gene on chromo-
some 9 can increase MYB oncogene expression (27,28),
and MYB-NFIB fusions often occur in ACC. It demons-
trates that the activated Myb transcription factor encoded
by MYB is the driver oncogene in tumors, and MYB ac-
tivation is thought to underlie the development of ACC
(29-31). We, therefore, hypothesized that overexpression
of GABBRI1 could facilitate similarly high expression of
MYB, thus being a driving factor in the development of
ACC. MLKL is a mixed-spectrum kinase structural do-
main-like protein that may influence cancer development
and metastasis through necroptosis-dependent and inde-
pendent functions (32). Nevertheless, there are no reports
investigating the effects of MLKL in ACC. Somatic muta-
tions in the TP53 are the most commonly occurring gene-
tic variant in cancers and a potential prognostic biomarker,
as well as a target for drug intervention. In animal models,
defective TP53 can induce cancer progression, while res-
toration of TP53 function would enable the regression
of formed tumors (33,34). This study demonstrated that
significant negative correlation between MLKL and TP53,
thus we hypothesized that MLKL could facilitate the pro-
gression of ACC.

In summary, GABBR1, ITGA9 and MLKL may have
an impact on ACC through different biological pathways,
respectively. Therefore, they can be used as novel bio-
markers for diagnosing the disease. Among them, GAB-
BR1 promotes the progression of ACC by promoting the
expression of oncogene MYB; the relationship between
ITGA9 and ECM and PI3K-Akt may have an impact on
the development of ACC; and MLKL may play a role in
promoting tumor progression in the process of ACC by
inhibiting the expression of TP53.

This study had several limitations. The interaction
studies and identification of pivotal genes at the protein
level for DEG are incomplete and require further analysis.
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Meanwhile, there is a lack of validation of the expression
profile of key genes on clinical samples. Hereafter, more
emphasis should be placed on the relationship between
identified key genes and related signaling pathways, and
the specific molecular mechanisms of action should be
studied in depth to provide a solid theoretical basis and
experimental support for the clinical diagnosis and sub-
sequent treatment of ACC.
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