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Abstract: Adenoid cystic carcinoma (AdCC) of the head and neck originates from salivary glands, with high risks of 
recurrence and metastasis that account for the poor prognosis of patients. The purpose of this research was to iden-
tify key genes related to AdCC for further investigation of their diagnostic and prognostic significance. In our study, 
the AdCC sample datasets GSE36820, GSE59702 and GSE88804 from the Gene Expression Omnibus (GEO) data-
base were used to explore the abnormal coexpression of genes in AdCC compared with their expression in normal 
tissue. A total of 115 DEGs were obtained by screening with GEO2R and FunRich software. According to functional 
annotation analysis using Enrichr, these DEGs were mainly enriched in the SOX2, AR, SMAD and MAPK signaling 
pathways. A protein-protein network of the DEGs was established by the Search Tool for the Retrieval of Interacting 
Genes (STRING) and annotated through the WEB-based Gene SeT AnaLysis Toolkit (WebGestalt) and was shown to 
be enriched with proteins involved in cardiac muscle cell proliferation and extracellular matrix organization. A Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis revealed that ITGA9, LAMB1 and BAMBI were associated with 
the PI3K-Akt and TGF-β pathways. Furthermore, 36 potential target miRNAs were identified by the OncomiR and 
miRNA Pathway Dictionary Database (miRPathDB). In conclusion, SLC22A3, FOXP2, Cdc42EP3, COL27A1, DUSP1 
and HSPB8 played critical roles according to the enrichment analysis; ITGA9, LAMB1 and BAMBI were involved in 
significant pathways according to the KEGG analysis; ST3Gal4 is a pivotal component of the PPI network of all the 
DEGs obtained; SPARC, COL4A2 and PRELP were highly related to multiple malignancies in pan-cancer research; 
hsa-miR-29-3p, hsa-miR-132-3p and hsa-miR-708-5p were potential regulators in AdCC. The involved pathways, 
biological processes and miRNAs have been shown to play significant roles in the genesis, growth, invasion and me-
tastasis of AdCC. In this study, these identified DEGs were considered to have a potential influence on AdCC but have 
not been studied in this disease. The analysis results promote our understanding of the molecular mechanisms and 
biological processes of AdCC, which might be useful for targeted therapy or diagnosis.
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Introduction

Adenoid cystic carcinoma (AdCC), previously 
called “cylindroma”, has been classified as a 
highly malignant tumor and is reportedly 
derived from the reserve cells of the intercalat-
ed ducts in salivary glands [1, 2]. AdCC is most 
frequently located in major and minor salivary 
glands, accounting for approximately 1% of 
total head and neck cancers and approximately 

20% of malignant tumors of the salivary gland 
[3]. With the characteristics of perineural inva-
sion, an infiltrating growth pattern and a rela-
tively high probability of distant metastasis, the 
prognosis of AdCC tends to be unfavorable [4]. 
Although a series of therapy technologies has 
been used for the treatment of AdCC, including 
surgical resection and postoperative chemora-
diotherapy, tumor recurrence and hematoge-
nous metastasis cannot be prevented due to 
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the growth traits of AdCC [5-7]. To find a treat 
this malignant salivary gland tumor and improve 
the prognosis of patients with AdCC, many 
studies have been performed [8-10]. It has 
been proven that several significant factors, 
such as the MYB proto-oncogene, transmem-
brane receptor NOTCH1, nerve growth factor 
(NGF) and vascular endothelial growth factor 
(VEGF), have profound effects on the cell dif-
ferentiation, proliferation, invasion and metas-
tasis of AdCC [8-10]. Some of these findings are 
applied to the treatment of AdCC; however, 
obvious restrictions impede its application, and 
improvement seems unlikely [11]. Therefore, 
more work on the molecular and pathological 
mechanisms is urgently needed.

In recent years, with the wide-spread applica-
tion of bioinformatics, online databases and 
analysis tools have been swiftly improved, driv-
ing considerable research based on data analy-
sis [12-16]. Microarray analysis, based on an 
emerging technology for detecting simultane-
ously expressed genes, is being adopted in a 
large variety of biological studies, and many 
analysis results are available online by upload-
ing to database websites [17]. For AdCC, 
researchers utilize microarrays and other kinds 
of technologies to determine the critical factors 
that regulate the proliferation, recurrence and 
metastasis of tumors, which are remarkable 
but insufficient, and numerous difficulties 
remain unresolved in the treatment of AdCC 
[18-20]. In conclusion, it is worthwhile to ex- 
plore sample data of AdCC to determine the 
unknown molecular mechanism of this dis- 
ease.

In this research, we scanned all available data 
of patients with AdCC from the Gene Expression 
Omnibus (GEO) database and collected the 
GSE36820, GSE59702 and GSE88804 online 
datasets. The abnormally expressed genes of 
two datasets were filtered by GEO2R, an online 
analysis tool. FunRich version 3.1.3 software 
was used to compare the aberrantly expressed 
genes of the two groups and identify co-upreg-
ulated/co-downregulated genes, which were 
identified as differentially expressed genes 
(DEGs) [21]. DEGs were generally analyzed in 
two ways. On the one hand, DEGs were regard-
ed as an integral gene group and were analyzed 
through network databases and tools, includ-
ing Genotype-Tissue Expression (GTEx), Search 

Tool for the Retrieval of Interacting Genes 
(STRING), Cytoscape and Enrichr. On the other 
hand, each DEG was analyzed by the Human 
Protein Atlas (HPA), Gene Expression Profiling 
Interactive Analysis (GEPIA) and GeneCards. By 
exploring DEG functions, interactions, related 
pathways and expression in other kinds of 
malignancies, it is possible to reveal the poten-
tial diagnostic factors, prognostic criteria and 
targets for therapies of AdCC.

Materials and methods

Sample data from the GEO database

The strategy for searching the GEO database 
(https://www.ncbi.nlm.nih.gov/geo/) was [“car-
cinoma, adenoid cystic” [MeSH Terms] OR ade-
noid cystic carcinoma [All Fields]]. All datasets 
shown were examined carefully, and only 3 
datasets qualified for our research, namely, 
GSE36820, GSE59702 and GSE88804, which 
can be tracked online (https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE36820/, 
https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE59702/, and https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE88- 
804/). Forty-one samples in the 3 datasets 
were selected, including 16 ACC surgical sam-
ples, 7 ACC xenografts in mouse hosts and 18 
samples of normal salivary glands (NSGs). All 
samples originated from the oral cavity and 
were available for online analysis.

Gene expression analysis and DEG identifica-
tion

The selected samples from each dataset were 
compared by GEO2R, an R-based web applica-
tion13. Analysis was performed by “Analyze 
with GEO2R” option. Then, 3 series of all the 
abnormally expressed genes were created and 
downloaded from the GEO database for com-
parison. DEGs in the 3 datasets were identified 
based on the cut-off criteria (P-value ≤0.05, 
adjusted P-value ≤0.05 and LogIFCI ≥1.6). After 
identification, the 3 groups of DEGs were 
uploaded into FUNRICH (version 3.1.3) [21]. In 
the initial interface of this software, the “Upload 
datasets” option was used for collecting and 
comparing DEGs in the 3 datasets. Through 
this software, two Venn diagrams were created 
demonstrating the co-upregulated and co-
downregulated DEGs. The volcano plot graph 
based on the expression levels of the DEGs 
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was designed by R Software (version 3.6.3, 
https://www.r-project.org/) [22].

Enrichment analysis of the DEGs with Enrichr

A recently released website, Enrichr (http://
amp.pharm.mssm.edu/Enrichr), which includes 
various databases, such as Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG), has become an efficient enrichment 
analysis tool [23]. All gene symbols of the DEGs 
were entered into the text box on the homep-
age of Enrichr and submitted. For the Enrichr 
analysis results, the results from the ChIP 
enrichment analysis (ChEA) of the transcription 
section, kinase enrichment analysis (KEA) of 
the pathway section, GEO of the crowd section 
and GO of the ontology section were screened 
and collected [24-26].

Protein-protein interaction network and hub 
gene identification

The Search Tool for the Retrieval of Interacting 
Genes (STRING, https://string-db.org) is a suit-
able online tool for protein-protein-interaction 
(PPI) analysis [15]. All DEGs were uploaded, and 
the minimum required interaction score was 
set to 0.15. With the recognition of DEGs, the 
PPI network data were generated and down-
loaded from the “exports” menu. Furthermore, 
the PPI network was uploaded to Cytoscape 
version 3.7.2 [14]. The plug-in stringApp version 
1.5.1 and cytoHubba version 0.1 were installed 
and used for the PPI analysis. StringApp was 
used to reestablish and simplify the PPI net-
work; thus, we divided the complicated network 
into 3 major functional subnetworks. CytoHubba 
was used for the determination of hub genes. 
Before the calculation was performed, the 
number of hub genes was set to 20 and ranked 
by the “MCC” method.

Enrichment analysis of 3 functional groups of 
DEGs with WebGestalt

DEGs in the 3 subnetworks were examined by 
WebGestalt. WebGestalt (WEB-based Gene 
SeT AnaLysis Toolkit, http://www.webgestalt.
org/), another powerful online analysis web-
site, is used by biological researchers from a 
variety of fields [27]. In addition to uploading 
DEGs, we chose “geneontology” and “biological 
process” for the “Functional Database” option. 
For “Reference Set”, genome protein-coding 

was selected. The enrichment plot diagram was 
reestablished by the “ggplot” package in R 
Software.

Single gene function analysis

Hub genes and the other DEGs were searched 
by GeneCards (https://www.genecards.org/), 
and the general functions were listed in the 
summary section of this website. The top 50 
expressed genes of NSGs were compared with 
those in other human organs by Genotype-
Tissue Expression (GTEx, http://www.gtexpor-
tal.org/) through the “Top Expressed Genes” of 
the “Expression” menu [28]. Then, a “cancer 
vs. normal” analysis of the DEGs was per-
formed with the Oncomine database (http://
www.oncomine.org), using the filters “Cancer 
vs. Normal Analysis” and each of the gene sym-
bols separately [29]. The significant DEGs  
were filtered and compared against previous 
research. In addition, the degree of the expres-
sion and the function of the DEGs in other kinds 
of malignancies and normal tissues were sum-
marized. The function of the DEGs was exam-
ined with KEGG (Kyoto Encyclopedia of Genes 
and Genomes, https://www.genome.jp/keg/) 
to determine the relevant pathways enriched 
with DEGs [12]. The pathway search entry of 
KEGG is located in the “KEGG PATHWAY” option 
in the “Data-oriented entry points” section.

Establishment of the miRNA-mRNA regulatory 
network and KEGG pathway analysis of miR-
NAs

MiRNAs are short RNAs of 19-25 nucleotides 
that influence the expression of target genes 
that are involved in functional signaling path-
ways. We scanned all of the DEGs and obtained 
6 DEGs (Cdc42EP3; SLC22A3; COL27A1; 
DUSP1; ITGA9; and PRELP) for consideration. In 
our study, OncomiR (http://www.oncomir.org/), 
an online database for exploring the functions 
of miRNAs in major types of cancer, was used 
to analyze related miRNAs [30]. Potential  
miRNA-target pairs were predicted through 
“Search for miRNA-Target Correlation” in the 
homepage of OncomiR. After predicting the 
miRNAs, we performed KEGG pathway analy- 
sis through the miRNA Pathway Dictionary 
Database (miRPathDB, https://mpd.bioinf.uni-
sb.de/) [31]. Evidence was selected through 
the “Experimental” and “Predicted” options 
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separately. Finally, 2 heat maps were created 
and downloaded.

Results

Gene expression analysis and DEG identifica-
tion

We successfully collected valuable abnormally 
expressed genes from the GEO database for 
further research. The raw data from the 
GSE36820, GSE59702 and GSE88804 datas-
ets were analyzed and downloaded from the 
GEO website. All abnormally expressed genes 
were filtered by the cut-off criteria (P-value 
≤0.05, adjusted P-value ≤0.05 and LogIFCI 
≥1.6). Based on the first filtration, 658 genes in 
GSE36820, 195 genes in GSE59702 and 271 
genes in GSE88804 were upregulated and 
selected, and 893 genes in GSE36820, 165 
genes in GSE59702 and 457 genes in 
GSE88804 were downregulated and selected. 

disease perturbations identified in the GEO 
database, the DEGs were most significantly 
matched with the AdCC samples, followed by 
Barrett’s esophagus samples, Sjogen’s syn-
drome samples, hereditary gingival fibromato-
sis samples and other samples of other types 
of malignancies (Figure 2C, 2D). Figure 2E is a 
diagram summarizing Figure 2A, 2B and shows 
the DEGs associated with each enriched term.

Establishment of the PPI network and hub 
gene identification

In addition to hub genes, potential functional 
DEG subnetworks were found in the PPI net-
work. The STRING database was utilized to con-
struct a PPI network with 115 DEGs. As shown 
in Figure 3A, 115 nodes (genes) and 507 edges 
(interactions) were combined to create the PPI 
network of DEGs (PPI enrichment p-value < 
1.0e-16). After setting a high required interac-
tion score, 71 of 115 DEGs were filtered out, 

Figure 1. Identification of DEGs from GSE36820, GSE59702 and GSE88804 
datasets. A, B. Venn diagram of co-upregulated DEGs and co-downregulated 
DEGs analyzed on differentially expressed genes from the three AdCC datas-
ets. C. Volcano plot of all DEGs. Red plots represent up-regulated DEGs and 
blue plots represent down-regulated DEGs. P-value ≤0.05, adjusted P-value 
≤0.05, LogIFCI ≥1.6

All the selected genes were 
analyzed by FunRich software, 
and unidentified genes were 
eliminated; 46 co-upregulated 
genes and 69 co-downregulat-
ed genes were finally adopted 
as DEGs (Figure 1). All the 
selected DEGs are shown in 
Table 1.

Enrichr analysis of the DEGs

The results generated by En- 
richr revealed a variety of in- 
formation from different data-
bases. All the DEGs were up- 
loaded into Enrichr to find a 
series of integral biological 
processes. Figure 2 shows 
the most relevant enriched 
terms and pathways as re- 
vealed by ChEA, KEA and GEO 
analysis. The ChEA demon-
strated that the 115 DEGs 
were significantly enriched in 
the SOX2, AR, SMAD4, GATA1 
and SUZ12 signaling path-
ways (Figure 2A). The KEA 
analysis revealed highly corre-
lated kinases, such as MA- 
P2K1, MAPK3, MAPK4 and 
IGF1R (Figure 2B). In terms of 
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Table 1. Differentially expressed genes (DEGs) of 3 GEO datasets
DEGs Gene symbol
Up-regulated MFGE8, ART3, EFHD1, ITGA9, COL27A1, ZNF711, FABP7, LAMB1, VCAN, SLC35F3, BCL2, EN1, ZNF286, FAT1, NTRK3, OBP2B, IL17RB, 

ST3GAL4, MFAP2, FGFR1, MICAL3, CDK6, FNDC1, BMPR1B, SPARC, PRAME, CDC42EP3, NOTCH1, COL4A2, VTCN1, AADAT, GABRP, PDE9A, 
DAPK1, ZFHX4, PRELP, PRLR, SERPINE2, EY2, ELAVL2, BAMBI, SCRG1, STMN1, COL9A1, ABCA13, HORMAD1

Down-regulated MGLL, KAT2B, AQP3, FAM3B, TMEM45B, FOXP2, FAM3D, CD36, ELL2, SCNN1A, MAOB, SIDT1, SQRDL, HSPB8, FUT2, FABP4, FAM107B, 
KLK11, SLC22A3, ATP1B1, PAX9, DEFB1, DEPTOR, FBP1, PARM1, ALDH1A1, MUC15, DUSP1, MEIS2, RRAGD, ABI3BP, FAM46C, CRISP3, 
STEAP4, ADH1C, SH3BGRL2, SLAMF7, HBB, PTGS2, SERPINB1, SLC26A9, FAM129A, DPP4, TESC, TMPRSS11E, IGKC, GPR160, PIP, AL-
DH1L2, LYZ, STATH, DMBT1, WIF1, SMR3A, LCN2, LPO, GGTA1P, TSPAN8, PIGR, TMC5, JCHAIN, OPRPN, MUC7, ZG16B, HTN1, ODAM, BPIFA2, 
TCN1, PRB3



Bioinformatics of adenoid cystic carcinoma

1090 Am J Transl Res 2021;13(3):1085-1108

Figure 2. Enrichment analysis for DEGs. A. TOP 10 enriched terms of ChIP Enrichment Analysis (ChEA). B. Kinase Enrichment Analysis (KEA). C, D. Disease perturba-
tions from GEO. E. An overview of Enriched term connections between ChEA and KEA. Enrichment p-value < 0.05.
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and a simplified PPI network based on the 
residual 44 DEGs was established (Figure 3B). 
Three separate PPI networks were generated, 
with several key genes playing significant roles 
in each (NOTCH1, MUC7, ST3Gal4 and PRELP). 
To continue further study, the three PPI net-
works were defined as three DEG groups. The 
top 20 hub genes were identified by calculation 
with the cytoHubba plug-in (Figure 3C). It is 
clear that the top 1-10 hub genes and 11-20 
hub genes clustered. Red represents the top 
1-10 hub genes, and blue represents the top 
11-20 hub genes. The members in each DEG 
group are listed in Table 2.

DEG group enrichment analysis

The GO analysis revealed DEG functional 
groups in various biological processes. As 
shown in Figure 3B, three major DEG subset 
PPI networks were established. Figure 4 shows 
the enriched terms of the three groups of DEGs. 
WebGestalt was used to reveal the slim sum-
mary of the GO enrichment analysis for these 
three groups of DEGs. Notably, group 1 DEGs 
were highly related to the positive regulation of 
cardiac muscle cell proliferation and triglycer-
ide catabolic processes (Figure 4B). Group 2 
DEGs were involved in the antimicrobial humor-
al response and defense response to bacteria. 
For group 3 DEGs, the top 2 enriched terms 
were extracellular matrix organization and 
extracellular structure organization (Figure 4C). 
The enrichment plot diagram was created in R 
software based on the results from WebGestalt, 
showing the 6 most significant GO terms among 
the 3 groups of DEGs (Figure 4D). Table 3 lists 
all the GO terms and related gene members in 
each group for each function.

Single gene function analysis by GTEx and 
Oncomine 

There were obvious differences among the 
expression levels of selected DEGs in different 
kinds of tumors. From the first analysis, we took 
all of the top 20 hub genes and two significant 
genes (ST3Gal4 and PRELP) from the PPI net-
work into consideration. An in-depth explora-
tion of the 22 DEGs was carried out. Figure 5A 
reveals the top 50 expressed genes in the 
NSGs compared with other normal human 
organs. Among the DEGs, PIGR, CRISP3, PIP, 
MUC7, BPIFB2 and LYZ were downregulated 
genes but highly expressed in normal salivary 

glands. All 22 DEGs were analyzed with the 
Oncomine database, and the least significant 
analysis results were screened out (Figure 5B). 
Figure 5B shows the “cancer vs. normal tissue” 
comparison results for several genes were 
remarkably upregulated or downregulated in 
different kinds of cancer. SPARC, COL4A2, 
SEPRINE2 and LAMB1 were all highly expressed 
in the brain and CNS cancer, gastric cancer, 
head and neck cancer and lymphoma. PIGR 
and CRISP3 were downregulated in head and 
neck cancer. For ST3Gal4, the expression level 
was significantly decreased in colorectal can-
cer and esophageal cancer. The expression 
level of PRELP was reduced in breast cancer, 
colorectal cancer, head and neck cancer, liver 
cancer, lung cancer and sarcoma.

Pathways with upregulated DEGs according to 
the KEGG analysis

Several DEGs were involved in 2 significant 
pathways according to the KEGG analysis. 
KEGG was employed to analyze all the upregu-
lated DEGs to identify potential pathways that 
were critical for the progression, therapy and 
diagnosis of AdCC. After eliminating the genes 
that were researched or not sufficiently rele-
vant, LAMB1, ITGA9 and BAMBI were ultimately 
determined from the KEGG analysis. Figure 6 
demonstrates the PI3K-Akt and TGF-β signaling 
pathways and their interaction with LAMB1, 
ITGA9 and BAMBI. As shown in Figure 6A, 
LAMB1 (from ECM proteins) interacted with 
ITGA9 (from ITGAs), regulating the function of 
the PI3K-Akt signaling pathway. Figure 6B 
shows that BAMBI plays a critical role in sup-
pressing the TGF-β signaling pathway by in- 
hibiting the BMPR, TGF-βR and Activin-R 
mechanisms.

MiRNA-mRNA regulatory network and KEGG 
pathway analysis

The potential miRNAs that might target DEGs 
and their related pathways were predicted. 
OncomiR was used to predict the miRNAs tar-
geted to DEGs. After excluding the DEGs that 
have been studied in AdCC and were relatively 
less connected with miRNAs, Cdc42EP3, 
SLC22A3, COL27A1, DUSP1, ITGA9 and PRELP 
were selected for analysis. As shown in Figure 
7A, 36 miRNAs were predicted to be potential 
suppressors of the target DEGs. Figure 7B is 
the heatmap that demonstrates the KEGG 
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Figure 3. PPI network and hub gene identification. A. PPI network was established by all 115 DEGs. B. 71 relatively low connection confidence DEGs were eliminated 
and a simplified PPI network was built. C. Top 20 hub genes and the PPI network of them. PPI enrichment p-value < 1.0e-16.

Table 2. Gene members of 3 DEG groups analyzed by STRING
Group Gene members
1 MAOB, PTGS2, HEY2, BMPR1B, BAMBI, ALDH1A1, NOTCH1, FABP7, ADH1C, FABP4, FGFR1, MGLL, KAT2B
2 LCN2, LYZ, ABCA13, IGJ, TCN1, ODAM, HBB, PIGR, DEFB1, PIP, STATH, IFA2, HTN1, CRISP3, ATP1B1, AQP3, SCNN1A, DMBT1, MUC7
3 MFAP2, MFGE8, ITGA9, SPARC, COL4A2, COL27A1, COL9A1, VCAN, LAMB1, PRELP
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Figure 4. GO enrichment analysis by WebGestalt. A-C. GO enriched term analysis for 3 groups of DEGs. D. Enrich-
ment plot diagram of GO analysis, processed by R software version 3.6.3. GO enrichment p-value < 0.05.

pathway associated with miRNAs based on pre-
vious experimental data, which reveals that the 
focal adhesion, PI3K-Akt and VEGF signaling 
pathways are highly relevant to the predicted 
miRNAs. Figure 7C is a predictive result of the 

miRNA-involved KEGG pathway analysis. Apart 
from focal adhesion and the PI3K-Akt signaling 
pathway, the TGF-β, MAPK and ErbB pathways, 
which have been proven to play significant roles 
in AdCC, are speculated to be highly associated 



Bioinformatics of adenoid cystic carcinoma

1095 Am J Transl Res 2021;13(3):1085-1108

Table 3. Gene ontology (GO) analysis for 3 groups of DEGs
Gene group Term/gene function P-value Involved gene member
1 GO:0060045/positive regulation of cardiac muscle cell proliferation 7.44E-07 HEY2; NOTCH1; FGFR1

GO:0019433/triglyceride catabolic process 1.82E-06 FABP7; FABP4; MGLL
2 GO:0019730/antimicrobial humoral response 1.35E-11 LCN2; LYZ; DEFB1; BPIFA2; HTN1; DMBT1; MUC7

GO:0042742/defense response to bacterium 3.00E-09 LCN2; LYZ; DEFB1; STATH; BPIFA2; HTN1; DMBT1
3 GO:0030198/extracellular matrix organization 1.42E-12 MFAP2; ITGA9; SPARC; COL4A2; COL27A1; COL9A1; VCAN; LAMB1

GO:0043062/extracellular structure organization 4.44E-12 MFAP2; ITGA9; SPARC; COL4A2; COL27A1; COL9A1; VCAN; LAMB
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Figure 5. GTEx and Oncomine database analysis results. A. Top 50 expressed genes of normal salivary glands from GTEx. B. The expression level of SPARC, COL4A2, 
SEPRINE2, LAMB1, PIGR, CRISP3, ST3GAL4 and PRELP in different types of cancer. Gene expression p-value < 0.05.



Bioinformatics of adenoid cystic carcinoma

1098 Am J Transl Res 2021;13(3):1085-1108



Bioinformatics of adenoid cystic carcinoma

1099 Am J Transl Res 2021;13(3):1085-1108



Bioinformatics of adenoid cystic carcinoma

1100 Am J Transl Res 2021;13(3):1085-1108

Figure 6. KEGG pathway analysis on three up-regulated DEGs. A. The interaction network for PI3K-Akt signaling 
pathway associated with LAMB1 and ITGA9. B. The interaction network for TGF-β signaling pathway relevant to 
BAMBI. Analysis p-value < 0.05.

Figure 7. MiRNA-mRNA regulatory analysis from OncomiR and miRPathDB. A. OncomiR analysis for CDC42EP3, 
SLC22A3, COL27A1, DUSP1, ITGA9 and PRELP. B, C. Experimental and predictive KEGG pathway analysis from 
miRPathDB. MiRNA-mRNA analysis p-value < 0.05.

with miRNAs. Table 4 includes all of the miRNA 
members related to the DEGs.

Discussion

AdCC of the head and neck develops as a con-
sequence of pathological proliferation and dif-
ferentiation of normal salivary gland cells. 

According to previous research, AdCC was once 
described as a highly troublesome tumor that is 
almost impossible to cure due to the high risk 
of invading adjacent soft tissue, bone and 
nerves [1-3]. Various types of therapy, including 
surgical resection, radiation and chemothera-
peutic drugs, can be used to control the current 
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Table 4. MiRNA members of miRNA-mRNA analysis
Target gene Related miRNAs
CDC42EP3 hsa-miR-142-5p; hsa-miR-450b-5p; hsa-miR-140-3p; hsa-miR-498; hsa-miR-27b-3p
SLC22A3 hsa-miR-708-5p; sa-miR-589-3p; hsa-miR-132-3p; hsa-miR-590-3p; hsa-miR-188-5p
DUSP1 hsa-miR-429; hsa-miR-200b-3p; hsa-miR-324-3p; hsa-miR-425-3p; hsa-miR-200c-3p; hsa-miR-34a-3p; hsa-miR-22-5p; hsa-miR-512-3p; hsa-miR-545-3p
ITGA9 hsa-miR-183-3p; hsa-miR-452-3p; hsa-miR-137; hsa-miR-548k; hsa-miR-340-5p; hsa-miR-524-5p; hsa-miR-516b-5p; hsa-miR-636; hsa-miR-296-3p
COL4A2 hsa-miR-29c-3p; hsa-miR-29a-3p; hsa-miR-30c-1-3p; hsa-miR-29b-3p
PRELP hsa-miR-185-5p; hsa-miR-625-5p; hsa-miR-30c-1-3p; hsa-hmiR-573; hsa-miR-320e; hsa-miR-211-5p
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disease but cannot prevent recurrence in the 
future [4, 5]. With the characteristics of a rela-
tively slow growth velocity, high potential of 
perineural invasion, infiltration of contiguous 
tissue and high risk of hematogenous metasta-
sis, the bioinformatics mechanisms of AdCC 
tend to be complicated. In light of the current 
situation in the research and treatment of 
AdCC, identifying potential biomarkers and 
studying their roles in the origination, progres-
sion and metastasis of AdCC are of great im- 
portance. Because medical researchers con-
tributed to the GSE36820, GSE59702 and 
GSE88804 datasets, we could conduct our the 
bioinformatics analysis of AdCC [32, 33]. In 
their previous research, MYB was found to be a 
critical transcriptional regulator influencing the 
clinical outcomes of patients with AdCC. 
NOTCH1 and RUNX1 were also found to regu-
late a series of key ACC-associated genes.

We first scanned all of the datasets of AdCC in 
the GEO database. Only three datasets (GSE- 
36820, GSE59702 and GSE88804) met the 
following conditions: 1. both AdCC samples and 
normal tissue samples were included, and 2. 
raw data were available for online gene expres-
sion analysis through R language. Then, we 
identified 115 DEGs in the data extracted from 
three datasets. According to ChIP enrichment 
analysis, these DEGs were mainly involved in 
androgen receptor (AR), SRY-box transcription 
factor (SOX2), SMAD family member 4 (SMAD4), 
GATA-binding protein 1 (GATA1) and Polycomb 
repressive complex 2 subunit (SUZ12). AR is 
confirmed to be critical for the homeostasis of 
bone and muscle, which makes it one of the 
most promising targets for functional drug dis-
covery [34]. Beata et al. found the ectopic 
expression of AR in some AdCC cells, referring 
to the biological behavior of AdCC, and we 
speculated that AR might participate in the 
bone and muscle invasion of AdCC [35, 36]. 
The study results from Cao et al. showed that 
the deletion of SMAD4, a negative regulator of 
the TGF-β pathway, led to AdCC development in 
murine salivary glands [37, 38]. In our research, 
SLC22A3, FOXP2 and Cdc42EP3 were related 
to both AR and SMAD4. Although these 3 DEGs 
have not been subjected to any relevant AdCC 
biological research, many studies on other 
kinds of human cancer were found. SLC22A3 
and FOXP2 are reported to promote invasion 
and metastasis in esophageal cancer, account 

for susceptibility to pancreatic cancer, influ-
ence the progression of colorectal cancer and 
associate with tumor microenvironmental fac-
tors [39-43]. Furthermore, Cdc42EP3 plays 
critical roles in cancer-associated fibroblasts, 
thus stimulating the adhesion of tumor cells 
[44]. Several types of cancer that we mention 
here originate in tissues with abundant adeno-
cytes, which are similar to salivary glands, and 
further research on the 3 DEG groups is need-
ed. In addition, SLC22A3 directly renders che-
moresistant tumor cells as members of the sol-
ute carrier family, while FOXP2 upregulates the 
expression of p21, which affects the genesis of 
tumor cells, indicating the clinical significance 
of targeted therapy for both of these DEGs [45, 
46]. The other 2 enriched genes, GATA1 and 
SUZ12, tend to be involved in the cell cycle and 
tumorigenesis of several solid tumors, includ-
ing squamous cell carcinoma of the head and 
neck, and are both associated with COL27A1, a 
newly discovered fibrillar collagen gene [47-51]. 
As fibrillar collagens function in the genesis and 
progression of tumors, the function of COL27A1 
in AdCC remains unknown. Referring to our 
aforementioned research, it is clear that 
COL27A1 and Cdc42EP3 are both associated 
with the emergence of cancer-related fibro-
blasts and the accumulation of collagen in can-
cer [44, 52]. Consequently, the prospect of 
studying the possibility and mechanism by 
which COL27A1 and Cdc42EP3 may lead to 
fibrotic accumulation in AdCC is obvious. Based 
on kinase enrichment analysis, DUSP1 and 
HSPB8 are both highly relevant to the MAPK 
family (MAP2K1 and MAPK3). MAPKs convert 
extracellular signals into diverse cellular 
responses, and some members (MAP2K1 and 
MAPK3) enhance the risk of recurrence and 
aggressive growth of certain malignancies [53-
56]. Due to insufficient research on AdCC, we 
only found evidence on the function of DUSP1 
and HSPB8 in patients with gastric and ovarian 
cancer, and they induce cancer cell migration 
and thus worsen the prognosis for patients [57-
60]. Demonstrating the potential meanings in 
both the clinic and research, the mechanisms 
by which DUSP1 and HSPB8 regulate the bio-
logical process of AdCC through the MAPK 
pathway need to be examined.

We utilized STRING to analyze the interaction 
among DEGs and found 20 hub genes that 
might play a critical role in AdCC. Unexpectedly, 
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3 series of DEGs seemed to cluster indepen-
dently, and we defined them as 3 isolated gene 
groups. Through functional annotation, group 1 
was found to be highly related to the positive 
regulation of cardiac muscle cell proliferation 
(HEY2, NOTCH1, and FGFR1) and triglyceride 
catabolic processes (FABP7, FABP4, and 
MGLL). These two myocyte-related functions 
play unique roles in AdCC. Morphologically, 
AdCC is divided into 3 architectural patterns 
(tubular, cribriform and solid), and the first 2 
types contain a variety of neoplastic myofibro-
cytes surrounding nests of AdCC cells [61]. 
According to previous study, HEY2 regulates 
smooth muscle cell proliferation and is associ-
ated with NOTCH signals, indicating the value 
of the research on HEY2 in AdCC [62]. On the 
other hand, members of the FABP family was 
regarded as reliable biomarkers for myocardial 
injury, and combined with the muscle-invasion 
characteristics of AdCC, FABP4 and FABP7 are 
potential indices for an AdCC diagnosis [1, 63]. 
Group 2 was significantly related to the defense 
response to bacteria (LCN2, LYZ, DEFB1, 
STATH, BPIFA2, HTN1, and DMBT1) and the 
humoral immune response (LCN2, LYZ, DEFB1, 
BPIFA2, HTN1, DMBT1, and MUC7). Referring 
to the results from GTEx, these DEGs were 
highly expressed in normal salivary glands and 
downregulated in AdCC samples, demonstrat-
ing that the salivation function in AdCC was 
abnormal and providing new directions for 
exploring disordered cell secretion during the 
progression of AdCC. Group 3, with the same 
related gene members (MFAP2, ITGA9, SPARC, 
COL4A2, COL27A1, COL9A1, VCAN, and LA- 
MB1) were mainly involved in extracellular 
matrix organization and extracellular structure 
organization. Combined with the KEGG analy-
sis, this finding indicates that ITGA9 and LAMB1 
are important factors regulating the PI3K-Akt 
pathway via the responses between the cyto-
membrane and extracellular matrix (ECM). 
According to other research, the interactions 
between cells and the ECM play critical roles in 
the biological processes of AdCC, such as cell 
adhesion, cell contact and the expression of 
genes that lead to cell migration, proliferation 
and differentiation [64]. Another study demon-
strated that ECM components can accumulate 
in intercellular spaces, generating the typical 
morphologic structures in AdCC [65]. Con- 
sequently, LAMB1 and ITGA9, as important 
members in and regulators of in the ECM, are 

worthy of in-depth exploration in the context of 
AdCC. In addition, the PI3K-Akt pathway is 
reported to promote the tumorigenesis and dis-
tant metastasis of AdCC, and it is activated by 
upstream signals from the cell membrane and 
ECM [66-68]. Speculatively, the relationships 
between ECM, PI3K-Akt and our newly discov-
ered genes (ITGA9 and LAMB1) may drive the 
development of AdCC and should be studied in 
future research.

Apart from LAMB1 and ITGA9, BAMBI might be 
an important factor in AdCC that is involved in 
the TGF-β signaling pathway, the KEGG analysis 
revealed that BAMBI served as the inhibitor of 
BMPR, TGF-βR and activinR, thus suppressing 
the function of TGF-β via smad1/5/8 and 
smad2/3 downstream signals. Generally, the 
TGF-β signaling pathway acts as a double-
edged sword in cancer, inhibiting the progres-
sion of early-stage cancer but promoting 
metastasis and invasion of late-stage cancer 
[69]. Although it has been revealed that the 
promotion of AdCC migration and invasion 
through the TGF-β1/Smad2 pathway in vitro, 
the other functions of TGF-β in AdCC remain 
unknown [70]. BAMBI is a TGF-β pseudorecep-
tor that inhibits the TGF-β signaling pathway 
and promotes macrophage proliferation and 
differentiation [71]. This explanation indicates 
the possibility of targeted therapy for AdCC 
aimed at BAMBI.

Intriguingly, we found that ST3Gal4 functioned 
as a connecter between the 3 groups of DEGs. 
As shown in research, ST3Gal4 belongs to the 
sialyltransferase family (ST), resulting in aber-
rant glycosylation of cancer cells through the 
sialylation function [72]. The abnormal sialy- 
lation of glycoproteins and glycolipids is related 
to immune escape, chemotherapeutic resis-
tance and hematogenous dissemination, caus-
ing tumor metastasis [72]. However, few experi-
ments have been performed on the function of 
ST3Gal4 and other ST members in tumors, 
including AdCC. Prospectively, research on the 
potential roles of ST3Gal4 in AdCC might  
accelerate its progression in targeted therapy. 
Prospectively, research on the potential roles of 
ST3Gal4 in AdCC might reveal novel approach-
es for studying and curing this disease, which is 
difficult to cure.

Analysis using the Oncomine database revealed 
the aberrant expression of several DEGs in dif-
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ferent types of cancer (SPARC, COL4A2, 
SEPRINE2, PIGR, CRISP3, and PRELP). SPARC 
is a matricellular protein involved in bone for-
mation, fibrosis and angiogenesis [73]. High 
levels of SPARC have been reported in glioblas-
toma, breast cancer, colorectal cancer and 
melanoma and are associated with tumor 
growth and progression [74, 75]. As the func-
tion of SPARC remains unclear and controver-
sial, understanding how it works in AdCC might 
be useful. COL4A2 is a newly discovered colla-
gen member that is highly expressed in a vari-
ety of cancers. In previous research, COL4A2 
was associated with vascular injury causing 
cerebrovascular disease [76]. Whether COL4A2 
is correlated with AdCC remains to be proven. 
PRELP is another collagen-related protein and 
plays significant roles in basement membrane 
and cartilage formation [77]. In our research, 
PRELP was downregulated in AdCC, breast can-
cer, colorectal cancer, lung cancer and other 
kinds of head and neck cancer. The deficiency 
of PRELP accounts for Hutchinson-Gilford pro-
geria (HGP) and vascular diseases, indicating 
its potential involvement in collagen-related 
biological processes of AdCC [77, 78]. Because 
COL4A2 and PRELP are rarely studied in AdCC, 
a focus of AdCC research on these 2 DEGs is 
promising.

Moreover, the results of KEGG analysis on relat-
ed miRNAs demonstrated that significant path-
ways in AdCC were affected by miRNAs such as 
the PI3K-Akt, VEGF, TGF-β, MAPK and ErbB 
pathways. In our study, the hsa-miR-29 family 
seems to have an important influence on focal 
adhesion and the PI3K-Akt signaling pathway. 
Referring to a previous study, the hsa-miR-29 
regulation of fibrinogen production might pro-
mote the formation of basic structures of AdCC 
[79]. While the ErbB and VEGF signaling path-
ways are regarded as important indicators for 
poor overall survival in patients with AdCC, the 
involvement of miRNAs (hsa-miR-29-3p, hsa-
miR-132-3p, and hsa-miR-708-5p) in our pre-
dicted results suggest their potential value in 
studies of AdCC [80, 81].

Unfortunately, the analysis results from cBio-
Portal (cBio Cancer Genomics Portal, https://
www.cbioportal.org/) and GEPIA (Gene Ex- 
pression Profiling Interactive Analysis, http://
gepia.cancer-pku.cn/) were less significant 
than the other results [16, 82]. The deficiency 
in samples of AdCC in cBioPortal restricted our 

ability to obtain meaningful data on the overall 
survival status related to the DEGs. In addition, 
we could not perform gene expression analysis 
of AdCC through GEPIA due to the limitations on 
its classification protocol for cancer. The identi-
fication of the top 20 hub genes revealed a 
series of genes expressed in normal salivary 
glands, narrowing the analysis range through 
hub genes. We tried to obtain useful informa-
tion from some other platforms (e.g., Human 
Protein Atlas) but failed, indicating the lack of 
current investigation into AdCC. As a highly 
malignant carcinoma, there is much work to be 
completed on AdCC, from diagnosis methods to 
advanced targeted therapy.

Conclusion

We performed a series of bioinformatics analy-
ses on samples of AdCC and found several 
potential targets for future study. Generally, 
SLC22A3, FOXP2, Cdc42EP3, COL27A1, DU- 
SP1, HSPB8, ITGA9, LAMB1, BAMBI, ST3Gal4, 
SPARC, COL4A2, PRELP, hsa-miR-29-3p, hsa-
miR-132-3p and hsa-miR-708-5p were poten-
tial regulators in the biological processes of 
AdCC. However, further molecular biological 
research is required to explore the true value of 
the identified DEGs in the laboratory and clini-
cal applications.
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