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ABSTRACT 
 

Background: Adenoid cystic carcinoma is a slow-growing malignancy that 
most often occurs in the salivary glands. Currently, no FDA-approved 
therapeutic target or diagnostic biomarker has been identified for this 
cancer. The aim of this study was to find new therapeutic and diagnostic 
targets using bioinformatics methods.  
Methods: We extracted the gene expression information from two GEO 
datasets (including GSE59701 and GSE88804). DEGs between ACC and 
normal samples were extracted using R software. The biochemical pathways 
involved in ACC were obtained by using the Enrichr database. PPI network 
was drawn by STRING, and important genes were extracted by Cytoscape. 
Real-time PCR and immunohistochemistry were used for biomarker 
verification.  
Results: After analyzing the PPI network, 20 hub genes were introduced to 
have potential as diagnostic and therapeutic targets. Among these genes, 
PLCG1 was presented as new biomarker in ACC. Furthermore, by studying the 
function of the hub genes in the enriched biochemical pathways, we found 
that IGF-1R/IR and PPARG pathways most likely play a critical role in 
tumorigenesis and drug resistance in ACC and have a high potential for 
selection as therapeutic targets in future studies.  
Conclusion: In this study, we achieved the recognition of the pathways 
involving in ACC pathogenesis and also found potential targets for treatment 
and diagnosis of ACC. Further experimental studies are required to confirm 
the results of this study. DOI: 10.61186/ibj.27.5.294 
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INTRODUCTION 

 

bout 40 types of salivary glands malignancy 

have been identified and distinguished by 

histology. ACC is the most prevalent neoplasm 

of the salivary glands after mucoepidermoid carcinoma 

and is currently diagnosed by histological analysis of a 

biopsy or surgical sample. Differential diagnosis is 

made between ACC and other benign or malignant 

neoplasms in the same areas[1]. Despite tumor growth 

are well-controlled using surgery and radiotherapy, 

ACCs often have a poor long-term prognosis[2]. More 

than 40% of ACC cases show distant metastasis in 

which lung, bone, and liver are the most common sites 

of metastasis[3]. Furthermore, ACC tends to spread 

along the craniofacial nerve trunk, making this tumor 

very destructive and unpredictable[4]. Since no 

chemotherapy is available for patients with unresectable 

tumors[5], it is imperative to identify novel and effective 

biomarkers involving in tumorigenesis and drug 

resistance of ACC. To better understand the 

biochemical pathways contributed to ACC 

pathogenesis, studying the signaling pathways using 

bioinformatics tools can be helpful. Molecular studies of 

ACC have been performed to determine the genomic 

sequence of patients and the expression profile of 

mRNAs involved in the disease. 

Studies have demonstrated that most ACC cases 

contain a translocation between chromosomes 6 and 9, 

which connects MYB to NFIB transcription factor locus 

or other enhancers and creates different fusion with 

MYB, followed by MYB overexpression[1,6]. MYB 

protein contributes to regulating the transcription of 

many genes, including those involving in the RNA 

processing, cell cycle, and DNA repair, thereby 

promoting tumor growth[7]. Targeting transcription 

factors is complicated, and there is still no drug to target 

MYB[8]; hence, it is necessary to identify applicable 

targets for ACC treatment by understanding the 

mechanism of tumorigenesis. Although most ACC 

tumors show high MYB expression, it cannot be used as 

a biomarker to diagnose the disease, because some 

specimens show negative or poor staining[9]. MYB 

overexpression is also not specific to ACC and found  

in other tumors such as squamous cell carcinoma,  

which is confused with ACC[4]. Therefore, the aim  

of the present study was to unravel the dysregulated 

signaling pathways in ACC using bioinformatics  

and computational analysis to extract potential 

therapeutic and diagnostic targets. One of the valuable 

tools for this goal is the analysis of data obtained from 

cDNA microarray with PPI network and enrichment 

analysis. 

 

 

MATERIALS AND METHODS 

 

Screening DEGs  

We searched ACC in the GEO database 

(https://www.ncbi.nlm.nih.gov/geo/) and then selected 

the “expression profile by array” option. Two datasets, 

GSE59701 and GSE88804, were considered for the 

present analysis. The dataset GSE59701 (submission 

year, 2015; year of last update, 2018) contains 12 ACC 

along with 12 normal samples[10]. The dataset 

GSE88804 (submission date, 2016; last update, 2018) 

comprises of 13 ACC and 7 normal samples[11]. The raw 

data of the mRNA expression profiles were downloaded 

as MINiML files. DEGs between ACC and normal 

samples in each dataset were extracted separately using 

the limma package in R software (version 3.6.0; 

https://www.r-project.org//). |logFC|>1 and adjusted p < 

0.05 were set as the cut-off point, which means the 

results are statistically significant[12-14]. After extracting 

DEGs, the upregulated and downregulated genes in the 

two datasets, GSE59701 and GSE88804, were collected 

and used for the subsequent analysis.   
 

GO and pathway enrichment analyses of DEGs 

Enrichr (http://amp.pharm.mssm.edu/Enrichr) is a 

comprehensive web-based tool for gene set enrichment 

analysis[15]. GO analysis in the categories of molecular 

function, biological process, and cellular component 

was performed using Enrichr. In addition, the KEGG 
pathway enrichment of DEGs was conducted to identify 

the signaling pathways of the involved DEGs. First, we 

obtained the overlapping DEGs by Venn diagram 

(https://bioinformatics.psb.ugent.be/webtools/Venn/).  
Then we used 363 overlapping downregulated genes 

from two studies to find the downregulated pathways 

and used 397 overlapping upregulated genes to discover 

the upregulated pathways from KEGG. Adjusted p < 

0.05 was considered the cut-off criteria of statistical 
significance. We analyzed the enriched pathways, based 

on DEGs, to find out which axes in each pathway are 

dysregulated in the ACC samples compared to the 

normal. Afterwards, we established the connection 
between the axes based on the KEGG data. Correlation 

between dysregulated pairs of KEGG pathways was 

obtained and then demonstrated using a heatmap. 
 

PPI network construction and hub gene exploration 

A total of 761 DEGs from the upregulated and 

downregulated pathways, identified by Venn diagram, 

were employed to generate a PPI network using 
STRING database (https://string-db.org)[16]. After 

uploading genes into the STRING website, the organism 

was set to Homosapiens, and the minimum required 

interaction score was adjusted to the medium confidence 

 
 

A 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.2
7.

5.
29

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.5

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

5-
18

 ]
 

                             2 / 13

https://www.ncbi.nlm.nih.gov/geo/
https://www.r-project.org/
http://amp.pharm.mssm.edu/Enrichr
https://string-db.org/
http://dx.doi.org/10.61186/ibj.27.5.294
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.5.6.2
http://ibj.pasteur.ac.ir/article-1-3830-en.html


Hub Genes for Adenoid Cystic Carcinoma Treatment Forooghi Pordanjani et al. 

 

 

296 Iran. Biomed. J. 27 (5): 294-306 
 

(0.4). PPI network data were exported in tab-separated 
values format and imported to Cytoscape software 

version 3.8.0 for visualization and analysis of the 

molecular interaction networks[17]. CytoHubba, a plugin 

tool in Cytoscape[18], was applied to identify hub genes 

according to three topological analysis methods, 
including edge percolated component, maximum 

neighborhood component, and degree, and one 

centrality method, named betweenness. To evaluate the 

diagnostic power of hub genes, a ROC curve was 
generated using the pROC package in R software[19].  

By calculating the AUC for 20 hub genes, five  

genes with the highest AUC were plotted in a ROC 

curve.  

 

Correlation between the expression of hub genes and 

the MYB oncogene 

In order to investigate the relationship between the 

expression of 20 hub genes and MYB oncogene, we 

calculated the correlation coefficient of the hub gene 

expression with MYB and plotted the correlation 

coefficient in a heatmap.  

 

Real-time PCR 

Seven pairs of tumor and tumor margins (as normal 

specimens) from seven ACC patients were obtained 

from the Tumor Bank of Amir Alam Hospital, 

Otorhinolaryngology Research Center, Tehran 

University of Medical Sciences, Tehran, Iran. RNA 

extraction from the samples was performed using 

TrizoLEX (DNA Biotech; cat no: DB9683; Tehran, 

Iran). The extracted RNA was observed on 1.5% 

agarose gel to ensure its quality. We obtained the values 

of A260/280 and A260/230 to determine the RNA 

contamination and concentration using a nanodrop 2000 

spectrophotometer (Thermo Fisher Scientific, USA). 

After ensuring the quality of RNA extraction, cDNA 

synthesis was performed using a cDNA Synthesis Kit 

(cat no: YT4500, Yekta Tajhiz, Iran). Specific primers 

were designed using AlleleID software and included 

GAPDH-F: ATTCTCTGATTTGGTCGTATTGGG, 

GAPDH-R: ATGACAAGCTTCCCGTTCTC, PLCG1- 

F: AGTCACATTGCTTTGTCATTCTCT, and PLCG1-

R: GCTGATATACGATCCTCACGATTC. The 

relative gene expression for PLCG1 gene was obtained 

with the RealQ Plus Master Mix Green (Ampliqon, 

Denmark) using Applied Biosystems StepOne™ 

thermal cycler. GAPDH was selected as the endogenous 

control. After obtaining the Ct values, LinRegPCR 

software was used to evaluate the primer efficiency. 

Fold changes were obtained using the E-ΔΔCt method. To 

draw the bar plot, the value of gene expression in the 

normal samples was taken as one, and the fold change 

in tumor tissues was measured.  

 

Immunohistochemistry of PLCG1  

Three formalin-fixed, paraffin-embedded blocks of 

tissue from three ACC patients were collected. The 

margins of tumor site were considered as normal tissue 

to compare PLCG1 expression. The tissue sections were 

prepared from the samples. The slides were placed in 

TBS 1× solution (T5912; Sigma, USA) inside the 

microwave, which was turned off after reaching the 

boiling point, and the samples remained in the solution 

for 20 minutes. Samples were then washed with PBS (in 

three steps at 5-min intervals). H2O2 and methanol were 

mixed in a ratio of 1 to 9 and placed on the samples for 

10 minutes. The samples were washed again with PBS, 

and the primary antibody (cat. no orb333981; Biorbyt, 

UK) diluted with PBS (1 to 100) was poured onto the 

samples and placed at room temperature for one hour. 

The samples were then rinsed three times with PBS, 

each time for 5 minutes, and 100 µl of Linker 

(PVP1000D; Diagnostic BioSystems, USA) was added 

to the samples for 15 minutes. Following washing, 

polymer solution (100 µl; Diagnostic BioSystems) was 

added to the sample for 30 minutes. The samples were 

washed again with PBS, and then 100 µl of DAB 

solution (ACV999; ScyTek, USA) was added to the 

sample. After five minutes, the samples were washed 

with water and finally placed in hematoxylin dye for 10 

seconds. After washing, dehydration and clarification 

steps, and photography was carried out using a light 

microscope (Labomed, USA) by a pathologist. Data 

were analyzed by IMAGE J software version 1.48. 

Adjusted p < 0.05 was considered as cut-off criteria of 

statistical significance. 

 

Statistical analysis  

All data analyses were presented by mean ± SEM. 

Significant differences groups were determined by 

multiple comparisons using One-way ANOVA, 

followed by Tukey’s post hoc test. p < 0.05 was used as 

the criteria for statistical significance. 

 
 

RESULTS AND DISCUSSION 

 
Two gene expression microarray datasets, GSE59701 

and GSE88804, were obtained from GEO. Using the 

limma package in R software. A total of 2,190 DEGs, 

including 1,131 upregulated and 1,059 downregulated 

genes, were obtained from two expression profile data. 
In addition, 760 overlapped DEGs, including 397 

upregulated and 363 downregulated genes, were 

retrieved from the two datasets using Venn diagram. 

The GO analysis and KEGG signaling pathway 
enrichment of the 2,190 DEGs were performed using the 

Enrichr database.  We considered  adjusted  p < 0.05 as 
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Fig. 1. KEGG pathway enrichment analyses of the upregulated DEGs in ACC samples vs. normal samples. Seventeen pathways have 

an adjusted p < 0.05. The vertical axis represents the names of the pathways. The horizontal axis represents the statistical significance 

calculated based on the adjusted p value. The numbers on the graphs indicate the number of genes changed in a pathway, which is divided 

by the total number of genes in that pathway. 
 

 
the threshold to get meaningful pathways. Seventeen 

statistically significant pathways were also upregulated 

(Fig. 1). PI3K-Akt, cell cycle, central carbon 

metabolism in cancer, focal adhesion, extracellular 
matrix-receptor interaction, Wnt, axon guidance, 

mRNAs in cancer, and Ras are important pathways 

involved in ACC obtained from the pathway enrichment 

analysis using Enrichr.  

Results exhibited 33 downregulated pathways, with 

the adjusted p < 0.05 (Fig. 2), which can be divided into 

three groups. One group is related to salivary secretion. 

The second group is associated with the lipid 

metabolism and adipocyte differentiation, including the 

peroxisome proliferator-activated receptor, AMPK, and 

adipocytokine signaling pathways. The third group 

related   to    immune   response   and inflammation that 

includes rheumatoid arthritis, tumor necrosis factor, 

nucleotide oligomerization domain-like receptor, NF-

kappa B, IL-17, and phagosome signaling pathways. As 

indicated in Figure 3, the members of each group have 

a high expression correlation with each other. Analysis 

of the significant enriched pathways, including PI3K-

Akt, Ras, Wnt, and cell cycle identified by Enrichr shed 

more light on the procedure of tumorigenesis of ACC. 

Figure 4 shows the upregulated axis in ACC, which was 

drawn from the integration of pathways mentioned 

above.  

The PPI network of 760 overlapped DEGs was 

constructed using the STRING database and Cytoscape 

software (Fig. 5). The hub genes were obtained using 

four methods, including edge percolated component, 

maximum neighborhood component, degree and 

betweenness separately. In Figure 5, 30 genes with the 

highest degree are shown. Of the 30 genes, 20 were also 

confirmed by three other methods, including edge 

percolated component, maximun neighborhood 

component, and betweenness. TP53, EZH2, NOTCH1, 

CTNNB1, GNG2, APP, MET, KIT, PLCG1, and LEF1 

were considered as the upregulated and BMP4, PPARG, 

IGF1, C3, CCL5, COX2, PRKCA, ERBB4, ADIPOQ, 

and EGF as downregulated hub genes. The substantial 

participation of some of these 20 hub genes, such as 

TP53[20], NOTCH1[21], CTNNB1[22], MET[5], and KIT[23], 

in the ACC tumorigenesis has already been studied. The 

importance of other hub genes in ACC has not been 

studied and need further research. Calculation of AUC 

for 20 hub genes was performed to validate their 

potential  as  diagnostic  biomarkers  (Fig 6A). CTNNB1, 
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Fig. 2. KEGG pathway enrichment analyses of the downregulated DEGs in ACC vs. normal samples. All the 33 pathways have an 

adjusted p < 0.05. The vertical axis represents the names of the pathways. The horizontal axis represents the statistical significance 

calculated based on adjusted p value. The numbers on the graphs indicate the number of genes changed in a pathway that is divided by 

the total number of genes in that pathway. 

 

 

NOTCH1, PLCG1, PRKCA, and TP53 genes have an 

AUC of more than 0.98, indicating their high specificity 

and sensitivity to distinguish the ACC samples from 

normal ones. Figure 6B demonstrates the ROC curve for 

the five above-mentioned genes. To investigate 

relationship between the expression of hub genes and 

MYB oncogene, the correlation of 20 hub gene 

expression with MYB expression was calculated and 

shown by a heatmap (Fig. 7). We found that in addition 

to TP53, CTNNB1, and NOTCH1, which have a decisive 

role in ACC[20,24,25], expression of PLCG1 is highly 

correlated with MYB expression. Investigation of the 

PLCG1 expression using real-time PCR showed an 

increase of more than two times in the tumor relative to   
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Fig. 3. The heatmap representing the correlation between the dysregulated pairs of KEGG pathways involved in ACC. The color range 

from red to blue indicates high correlation between two pathways to low correlation. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. A simple schematic of the connection between the upregulated pathways in ACC, including IGF-1R/IR, RAS, PI3K/Akt, and 

Wnt based on KEGG pathways. Red capsule indicates overexpressed genes according to DEGs. 
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Fig. 5. Protein-protein interaction network of overlapping DEGs between two datasets. Thirty genes with the highest degree are shown 

in red to yellow color and others are shown in blue. 

 

normal tissues (p < 0.0001; Fig. 8). IHC staining with 

anti-PLCG1 antibody also revealed that PLCG1 

expression increased about 10 times in the tumor tissues 

compared to the normal ones (Fig. 9). This observation, 

together with the results obtained from the ROC curve, 

proposes this gene as a new diagnostic or therapeutic 

biomarker for future studies in ACC. In this line, a 

considerable role has been reported for PLCG1 in some 

cancers. In a study conducted on breast cancer, the high 

expression of phosphorylated PLCG1 predicts 

metastasis in patients undergoing adjuvant chemo-

therapy[26]. In another study, PLCG1 inhibition induced 

programmed cell death in lung adenocarcinoma A549 

cells[27].   

EZH2 is a hub gene that appears to be important, 

particularly in tumorigenesis and involves in the histone 

methylation and inhibition of some tumor suppressors. 

The expression product of this gene is found in only 

active dividing cells[28]; therefore, it can be used as a 

diagnostic marker for these cells[29]. EZH2 can interact 

with Wnt signaling factors such as c-myc oncogene and 

cyclin D1[30]. Given that some available US food and 

Drug Administration-approved EZH2 inhibitors are 

used for treating different cancers[31], investigation on 

EZH2 in ACC can be of great importance. The signaling 

pathways obtained herein can also provide new 

information about the mechanism of ACC 

tumorigenesis. Figure 4 shows the role of IGF-2, along 

with the IGF-IR, in drug resistance in ACC.  

Genomic sequencing data and cytogenetic maps have 

revealed that the majority of ACC cases had 

translocations, leading to the juxtaposition of NFIB, 

TGFBR3, and RAD51B super-enhancers either in the 

upstream or downstream of MYB locus. MYB 

transcription factor binds to these translocated super-

enhancers and makes a looped structure containing the 

MYB  promoter and increases its expression[11,32]. 

Increased MYB transcriptional regulatory activity 

promotes tumor cell proliferation in ACC, highlighting 

MYB as a potential therapeutic target[4]. Interestingly, 

Andersson et al.[2,5] found that MYB-NFIB expression 

was regulated by inhibiting the IGF1R pathway; 

however, IGF-IR/IR inhibition had a short-term clinical 

response, and the patient became resistant to treatment 

after a few months. The reason for this drug resistance 

was the interaction of the IGF-1R pathway with other 

signaling pathways[33]. The IGF system has two ligands, 

IGF-1 and IGF-2, and three receptor, IGF-1R 

(primarily), IGF-2R, and the IR, which in turn IR has 

two variants named IR-B and IR-A[34]. According to our 

DEG analysis, the three above-mentioned receptors 

were upregulated, but IGF-1 was downregulated in 

ACC. Also, analysis of the upregulated pathways 

obtained from KEGG showed the pivotal role of PI3K-

AKT and RAS signaling pathways in the tumorigenesis 

of ACC (Fig. 4). These pathways are activated with 

IGF-IR or IR[35]. Mitogen signaling by IR has been 

described in some tumor models, and several studies 

have been performed, in which the IGF1R and IR 

compensate the inhibition of each other[34]. Evidence 

has disclosed that many cancer cell types, including 

prostate,  colorectal,  breast,  and   lung  cancers,  express 
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Fig. 6. (A) AUC calculation for 20 hub genes; (B) ROC curve of five genes with the highest AUC. 

 

 

not only the IGF1R but also the IR-A, an isoform with 

high affinity for both insulin and IGF-2 and is associated 

with a poor prognosis[36]. By activating IR-A, IGF-IR, 

and IGF-1R/IR-A hybrid, IGF-2 can function as a part 

of the drug resistance development system against IGF-

1R inhibitors[34,37-39].  A solution to overcome this 

problem is to directly target the IGF-2 ligands because 

IGF-2 inhibitors, in addition to having antiproliferative 

activity, do not interfere with IR-B function and glucose 

metabolism[40]. Overall, IGF-2 could be a valuable new 

therapeutic target for ACC that has not yet been studied 

in ACC patients and requires future experiments.  

PPARG is the second pathway that can be targeted in 

ACC treatment. Based on the signaling pathway 

enrichment, the pathogenesis of ACC is mainly linked 

to lipid metabolism, in which the related signaling 

pathways, including adipocyte, PPARG, and AMPK, 

are downregulated. Figure 3 shows a high correlation 

among the pathways involving in the lipid metabolism. 

Interestingly, there was a link between lipid metabolism 

and the IGF-1R pathway. IGF-1 promotes preadipocyte 

proliferation and differentiation, but IGF-IR abundance 

increases with adipocyte dedifferentiation[41]. IGF-2 has 

an inhibitory effect on the differentiation of visceral 

adipocytes confirmed by reducing the expression of 

PPARG and ADIPOQ, two differentiation markers of 

adipocytes.  Visceral  adipocyte  plays  a  substantial role  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7. The heatmap showing the correlation between the 

expressions of 20 hub genes with MYB oncogene in two separate 

datasets. The color ranges from red to blue indicates positive to 

negative correlation. 
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Fig. 8. (A) Gel electrophoreses of mRNA extraction from normal and tumor tissues; (B) PLCG1 expression in tumor compared to the 

normal tissues using the real-time PCR (****p = 0.0006). 

 

 

in the pathogenicity of various diseases such as 

metabolic syndrome, type 2 diabetes, and 

cardiovascular risk[41]. IR-A is the predominant isoform 

in visceral preadipocytes and makes them more 

responsive to IGF-2. IR-B predominates in the 

subcutaneous preadipocytes; hence, the binding of 

insulin to these cells regulates glucose homeostasis. 

Many types of tumors (breast, gastric, renal, colon, and 

ovarian tumors) grow in the proximity of visceral 

adipocytes and induce dedifferentiation of visceral 

adipocytes into pre-adipocytes or reprogram them into 

cancer-associated adipocytes. Dedifferentiation of 

adipocytes causes the release of fatty acids into tumor 

microenvironment and supports the tumor growth[42]. If 

differentiation of these preadipocytes is induced again, 

the process of carcinogenesis may be prevented[43]. 

Herein, we observed that PPARG pathway is strictly 

inhibited in ACC samples rather than normal samples 

(Fig. 2). 

We  also found PPARG  and ADIPOQ as hub genes in  

 

 

 

 
 

Fig. 9. (A) Examining the expression of PLCG1 in tumor and tumor margin cells of three ACC samples. Arrows show the names of 

three samples. (B) Bar plot of amount of PLCG1 in tumor cells relative to tumor margin considered as normal (****p = 0.0001).  
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the PPI network. PPARG belongs to the nuclear 

hormone receptor superfamily named PPARs. An 

earlier study has suggested a significant reduction in 

PPARG expression in follicular thyroid, esophageal, 

cervical, and colon cancers[44]. Activation of the PPARG 

pathway with its agonists may prevent tumor growth 

and proliferation by inhibiting PI3K and Ras, the 

downstream pathways of the insulin/IGF axis[45]. After 

activation of PPARG, it moves to the nucleus and binds 

to DNA to regulate the transcription of several genes, 

which ultimately increases the storage of fatty acids in 

adipocytes and differentiation of adipocytes[46,47]. It has 

been displayed that Ciglitazone, a synthetic PPARG 

ligand, prevents the proliferation of A549 (human 

alveolar adenocarcinoma) cells[44]. Furthermore, 

PPARG activation by rosiglitazone and pioglitazone 

substantially induces apoptosis and cell cycle G2 arrest 

in bladder cancer cells[48]. Although the connection 

between the PPARG and IGF pathways has not clearly 

been recognized, the therapeutic function of PPARG is 

observed in tumors in which IGF pathway is 

upregulated[49]. In light of these pieces of evidence, 

PPARG agonists may be considered as potentially 

preventive and therapeutic agents in ACC. In support of  

this    hypothesis,  there  is   a  report  indicating    that 

metformin usage significantly improves disease-free 

survival in ACC patients[50]. The use of these drugs 

completes the effect of tyrosine   kinase   inhibitors in  

ACC treatment. Interestingly, using metformin in A549 

cells reduced PLCG1 levels and induced autophagy[51]; 

hence, there is a need for further research to uncover the 

effect of PPARG-activating drugs in the treatment of 

ACC.  

The third group of pathways that decreased with a 

high correlation in the ACC (Fig. 3), was the pathways 

relating to inflammation and the immune system, 

including tumor necrosis factor, NF-kappa B, nucleotide 

oligomerization domain-like receptor, rheumatoid 

arthritis, adipocytokine, IL-17, and phagosome 

signaling pathways. While the progression and invasion 

of cancer cells are mediated by proinflammatory factors 

in the tumor microenvironment, tumor-derived factors 

sometimes disrupt the host immune system, leading to 

anti-inflammatory conditions in the tumor micro-

environment. This immunosuppressive situation is 

associated with tumor progression and poor prognosis 

for patients with advanced cancer[52]. Identifying the 

mechanism of immune system suppression in the ACC 

and finding the role of immunosuppressive factors 

derived from tumor cells in disease progression, provide 

new insights into ACC treatment through the host 

immune system activation. These results lead to new 

perspective on drug target proteins in ACC for 

experimental biologists in the future.  

A recent study has identified 20 hub genes in ACC 
using bioinformatics methods[53]. In that study, 41 
samples from three mRNA expression profiles 
(GSE36820, GSE59702, and GSE88804) were 
analyzed. In the present study, 44 samples were chosen 
from two mRNA expression profiles of GEO database 
(GSE59701 and GSE88804). In order to obtain more 
accurate data, we tried to carefully select samples from 
the GEO database; for instance, not adding xenograft 
samples to tissue samples due to the importance of 
homogeneity, we deleted xenograft samples from tissue 
samples. Overall,  the selection of different samples and 
certain methods used herein for extracting hub genes, 
compared to a recent bioinformatics study[53], led to the 
acquisition of 20  different hub genes. Also, in the same 
study, DEGs were enriched in SOX2, AR, SMAD, and 
MAPK signaling pathways, which are different from 
our study.   Considering that the DEG extraction method 
is similar in both investigations, the discrepancy in the 
results of these two studies is probably due to the 
difference in the selection of samples. On the other 
hand, kinase enrichment analyses showed the 
importance of IR and IGF-IR expression in 
tumorigeneses of ACC[53], which are in accordance with 
our results.  

 In this research, we extracted two new therapeutic 

targets for ACC treatment using bioinformatics tools 

and based on previous investigations. Dysregulation of 
IGF-IR/PI3K/Akt axis in ACC due to the increase of 

IGF-2 plays a crucial role in tumorigenesis. Thus, 

inhibition of IGF-2 instead of IGF-IR/IR is suggested to 

avoid resistance to treatment and interference with 

glucose metabolism. Furthermore, inhibition of 
adipogenesis causes the release of fatty acids from 

adipocytes into the tumor microenvironment, which 

helps tumor growth. Hence, activation of the PPARG 

pathway can reduce the available sources for tumor cells 
by differentiating adipocytes. Besides, from PPI 

network analysis of DEGs, we identified 20 hub genes, 

including TP53, EZH2, NOTCH1, CTNNB1, GNG2, 

APP, MET, KIT, PLCG1, LEF1, BMP4, PPARG, 

ADIPOQ, IGF1, COX2, C3, CCL5, PRKCA, ERBB4, 
and EGF. Among them, PLCG1 has an essential  

role in tumorigenesis of  breast cancer[26] and lung 
adenocarcinoma[27] and its role in ACC has not been 

studied. PLCG1 expression has a high correlation 
coefficient with MYB, as well as the highest AUC score 

in the ROC curve. We observed a significant increase in 

the expression of PLCG1 in tumor cells compared to the 

tumor margin. Due to the rarity of ACC, we were able 

to obtain a limited number of samples for experimental 
results. Further experimental studies are definitely 

required to confirm the results of the present study. 

 

 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.2
7.

5.
29

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.5

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

5-
18

 ]
 

                            10 / 13

http://dx.doi.org/10.61186/ibj.27.5.294
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.5.6.2
http://ibj.pasteur.ac.ir/article-1-3830-en.html


Hub Genes for Adenoid Cystic Carcinoma Treatment Forooghi Pordanjani et al. 

 

 

304 Iran. Biomed. J. 27 (5): 294-306 
 

DECLARATIONS 

 
Acknowledgments 

The authors acknowledge the financial support of this 

study by Tarbiat Modares University and Iran 

University of Medical Sciences, Tehran, IRan. We also 

thank Otorhinolaryngology Research Center  of Amir 
Alam Hospital for providing ACC samples for this 

study.  

 

Ethical statement 

The study sampling protocols were approved by Iran 

University of Medical Sciences, Tehran, Iran. 

 

Data availability  

The datasets analyzed during the current study are 

available in the GEO database (https://www.ncbi.nlm. 

nih.gov/geo) with GSE59701 and GSE88804 accession 
numbers.  
 

Author contributions 

TFP: investigated and interpreted of data, and wrote 

the article; BD: revised the article and helped interpret 

the data; PC: collected and analyzed data; MM: 

designed the methodology; SM: evaluated research 

goals and aims and reviewed and edited the manuscript; 
KK: supervised the study and reviewed and edited the 

manuscript. All authors have read and approved the final 

version of the manuscript. 

 

Conflict of interest 

None declared. 

 

Funding/support 

We are grateful to Tarbiat Modares University and 

Iran University of Medical Sciences, Tehran, Iran for 
financial support of this research. 

 

 

REFERENCES 

 
1. Brill LB 2nd, Kanner WA, Fehr A, Andrén Y, Moskaluk 

CA, Löning T, Stenman G, Frierson HF Jr. Analysis of 

MYB expression and MYB-NFIB gene fusions in 

adenoid cystic carcinoma and other salivary neoplasms. 

Modern pathology 2011; 24(9): 1169-1176.  

2. Andersson MK, Åman P, Stenman G. IGF2/IGF1R 

signaling as a therapeutic target in MYB-positive adenoid 

cystic carcinomas and other fusion gene-driven tumors. 

Cells 2019; 8(8): 913.  

3. Andreasen S. Molecular features of adenoid cystic 

carcinoma with an emphasis on microRNA expression. 

APMIS: acta pathologica, microbiologica, et 

immunologica Scandinavica 2018; 126(Suppl 140): 7-

57.  

4. Cantù G. Adenoid cystic carcinoma. An indolent but 

aggressive tumour. Part A: from aetiopathogenesis to 

diagnosis. Acta otorhinolaryngologica Italica 2021; 

41(3): 206-214. 
5. Andersson MK, Afshari MK, Andrén Y, Wick MJ, 

Stenman G. Targeting the oncogenic transcriptional 
regulator MYB in adenoid cystic carcinoma by inhibition 

of IGF1R/AKT signaling. Journal of the national cancer 
institute 2017; 109(9): doi: 10.1093/jnci/djx017. 

6. Mitani Y, Rao PH, Futreal PA, Roberts DB, Stephens PJ, 

Zhao YJ, Zhang L, Mitani M, Weber RS, Lippman SM, 
Caulin C, El-Naggar AK. Novel chromosomal 

rearrangements and break points at the t (6; 9) in salivary 
adenoid cystic carcinoma: association with MYB-NFIB 

chimeric fusion, MYB expression, and clinical outcome. 
Clinical cancer research 2011; 17(22):7003-7014. 

7. Ferrarotto R, Heymach JV, Glisson BS. MYB-fusions 
and other potential actionable targets in adenoid cystic 

carcinoma. Current opinion in oncology 2016; 28(3): 
195-200.  

8. Liu X, Xu Y, Han L, Yi Y. Reassessing the potential of 
Myb-targeted anti-cancer therapy. Journal of cancer 

2018; 9(7): 1259-1266. 
9. Mitani Y, Li J, Rao PH, Zhao YJ, Bell D, Lippman SM, 

Weber RS, Caulin C, El-Naggar AK. Comprehensive 
analysis of the MYB-NFIB gene fusion in salivary 

adenoid cystic carcinoma: Incidence, variability, and 
clinicopathologic significance. Clinical cancer research 

2010; 16(19): 4722-4731. 
10. Gao R, Cao C, Zhang M, Lopez MC, Yan Y, Chen Z, 

Mitani Y, Zhang L, Zajac-Kaye M, Liu B, Wu L, Renne 
R, Baker HV, El-Naggar A, Kaye FJ. A unifying gene 

signature for adenoid cystic cancer identifies parallel 
MYB-dependent and MYB-independent therapeutic 

targets. Oncotarget. 2014; 5(24): 12528-12542.  
11. Liu HB, Huang GJ, Luo MS. Transcriptome analyses 

identify hub genes and potential mechanisms in adenoid 
cystic carcinoma. Medicine (Baltimore) 2020; 99(2): 

e18676. 
12. Yan P, He Y, Xie K, Kong S, Zhao W. In silico analyses 

for potential key genes associated with gastric cancer. 

PeerJ 2018; 6: e6092. 
13. Xu T, Dong M, Li H, Zhang R, Li X. Elevated mRNA 

expression levels of DLGAP5 are associated with poor 
prognosis in breast cancer. Oncology letters 2020; 19(6): 

4053-4065 
14. Zhang S, Yan L, Cui C, Wang Z, Wu J, Zhao M, Dong 

B, Guan X, Tian X, Hao C. Identification of TYMS as a 
promoting factor of retroperitoneal liposarcoma 

progression: Bioinformatics analysis and biological 
evidence. Oncology reports 2020; 44(2): 565-576. 

15. Kuleshov MV, Jones MR, Rouillard AD, Fernandez NF, 
Duan Q, Wang Z, Koplev S, Jenkins SL, Jagodnik KM, 

Lachmann A, McDermott MG, Monteiro CD, Gundersen 
GW, Ma'ayan A. Enrichr: a comprehensive gene set 

enrichment analysis web server 2016 update. Nucleic 
acids research. 2016; 44(W1): W90-W97. 

16. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, 
Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH, 

Bork P, Jensen LJ, Mering CV. STRING v11: protein-
protein association networks with increased coverage, 

supporting functional discovery in genome-wide 
experimental datasets. Nucleic acids research 2019; 

47(D1): D607-D613.  

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.2
7.

5.
29

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.5

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

5-
18

 ]
 

                            11 / 13

https://www.ncbi.nlm/
http://dx.doi.org/10.61186/ibj.27.5.294
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.5.6.2
http://ibj.pasteur.ac.ir/article-1-3830-en.html


Forooghi Pordanjani et al. Hub Genes for Adenoid Cystic Carcinoma Treatment 

 

 

Iran. Biomed. J. 27 (5): 294-306 305 
 

17. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, 

Ramage D, Amin N, Schwikowski B, Ideker T. 

Cytoscape: a software environment for integrated models 

of biomolecular interaction networks. Genome research 

2003; 13(11): 2498-2504. 

18. Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin CY. 

cytoHubba: identifying hub objects and sub-networks 

from complex interactome. BMC systems biology 2014; 

8(Suppl 4): S11.  

19. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, 

Sanchez JC, Müller M. pROC: An open-source package 

for R and S+ to analyze and compare ROC curves. BMC 

Bioinformatics 2011;12: 77. 

20. Ferrarotto R, Mitani Y, Diao L, Guijarro I, Wang J, 

Zweidler-McKay P, Bell D, William WN Jr, Glisson BS, 

Wick MJ, Kapoun AM, Patnaik A, Eckhardt G, Munster 

P, Faoro L, Dupont J, Lee JJ, Futreal A, El-Naggar AK, 

Heymach JV. Activating NOTCH1 mutations define a 

distinct subgroup of patients with adenoid cystic 

carcinoma who have poor prognosis, propensity to bone 

and liver metastasis, and potential responsiveness to 

Notch1 inhibitors. Journal of clinical oncology 2017; 

35(3): 352-360.  

21.  Zielinski R, Przytycki PF, Zheng J, Zhang D, Przytycka 

TM, Capala J. The crosstalk between EGF, IGF, and 

Insulin cell signaling pathways--computational and 

experimental analysis. BMC systems biology 2009; 3: 88.  

22. Park S, Vora M, van Zante A, Humtsoe J, Kim HS, Yom 

S, Agarwal S, Ha P. Clinicopathologic implications of 

Myb and Beta-catenin expression in adenoid cystic 

carcinoma. Journal of otolaryngology 2020; 49(1): 48.  

23. Tang Y, Liang X, Zheng M, Zhu Z, Zhu G, Yang J, Chen 

Y. Expression of c-kit and Slug correlates with invasion 

and metastasis of salivary adenoid cystic carcinoma. Oral 

oncology 2010; 46(4): 311-316. 

24. Li Q, Huang P, Zheng C, Wang J, Ge M. Prognostic 

significance of p53 immunohistochemical expression in 

adenoid cystic carcinoma of the salivary glands: a meta-

analysis. Oncotarget 2017; 8(17): 29458-29473 

25. Cavalcante RB, Nonaka CFW, Santos HBP, Rabenhorst 

SHB, Pereira Pinto L, de Souza LB. Assessment of 

CTNNB1 gene mutations and β-catenin 

immunoexpression in salivary gland pleomorphic 

adenomas and adenoid cystic carcinomas. Virchows 

Archiv : an international journal of pathology 2018; 

472(6): 999-1005. 

26. Emmanouilidi A, Lattanzio R, Sala G, Piantelli M, 

Falasca M. The role of phospholipase Cγ1 in breast 

cancer and its clinical significance. Future oncology 

2017; 13(22): 1991-1997. 

27. Lu X, Fu H, Chen R, Wang Y, Zhan Y, Song G, Hu T, 

Xia C, Tian X, Zhang B. Phosphoinositide specific 

phospholipase Cγ1 inhibition-driven autophagy caused 

cell death in human lung adenocarcinoma A549 cells in 

vivo and in vitro. International journal of biological 

sciences 2020; 16(8): 1427-1440. 

28. Konze KD, Ma A, Li F, Barsyte-Lovejoy D, Parton T, 

Macnevin CJ, Liu F, Gao C, Huang XP, Kuznetsova E, 

Rougie M, Jiang A, Pattenden SG, Norris JL, James LI, 

Roth BL, Brown PJ, Frye SV, Arrowsmith CH, Hahn 

KM, Wang GG, Vedadi M, Jin J. An orally bioavailable 

chemical probe of the Lysine Methyltransferases EZH2 

and EZH1. ACS chemical biology 2013; 8(6): 1324-34.  

29. Li J, Hart RP, Mallimo EM, Swerdel MR, Kusnecov AW, 

Herrup K. EZH2-mediated H3K27 trimethylation 

mediates neurodegeneration in ataxia-telangiectasia. 

Nature neuroscience 2013; 16(12): 1745-1753. 

30. Shi B, Liang J, Yang X, Wang Y, Zhao Y, Wu H, Sun L, 

Zhang Y, Chen Y, Li R, Zhang Y, Hong M, Shang Y. 

Integration of estrogen and Wnt signaling circuits by the 

polycomb group protein EZH2 in breast cancer cells. 

Molecular and cellular biology 2007; 27(14): 5105-5119 

31. Duan R, Du W, Guo W. EZH2: a novel target for cancer 

treatment. Journal of hematology and oncology 2020; 

13(1): 104. 

32. Drier Y, Cotton MJ, Williamson KE, Gillespie SM, Ryan 

RJ, Kluk MJ, Carey CD, Rodig SJ, Sholl LM, Afrogheh 

AH, Faquin WC, Queimado L, Qi J, Wick MJ, El-Naggar 

AK, Bradner JE, Moskaluk CA, Aster JC, Knoechel B, 

Bernstein BE. An oncogenic MYB feedback loop drives 

alternate cell fates in adenoid cystic carcinoma. Nature 

genetics 2016; 48(3): 265-272. 

33. Simpson A, Petnga W, Macaulay VM, Weyer-

Czernilofsky U, Bogenrieder T. Insulin-like growth 

factor (igf) pathway targeting in cancer: role of the igf 

axis and opportunities for future combination studies. 

Targeted oncology 2017; 12(5): 571-597.  

34. Denduluri SK, Idowu O, Wang Z, Liao Z, Yan Z, 

Mohammed MK, Ye J, Wei Q, Wang J, Zhao L, Luu HH. 

Insulin-like growth factor (IGF) signaling in 

tumorigenesis and the development of cancer drug 

resistance. Genes and diseases 2015; 2(1): 13-25. 

35. Siddle K. Signalling by insulin and IGF receptors: 

supporting acts and new players. Journal of molecular 

endocrinology 2011; 47(1): R1-R10. 

36. Denley A, Wallace JC, Cosgrove LJ, Forbes BE. The 

insulin receptor isoform exon 11- (IR-A) in cancer and 

other diseases: a review. Hormone and metabolic 

research 2003; 35(11-12): 778-785. 

37. Vella V, Milluzzo A, Scalisi NM, Vigneri P, Sciacca L. 

Insulin Receptor Isoforms in Cancer. International 

journal of molecular sciences 2018; 19(11): 3615. 

38. Holly JMP, Biernacka K, Perks CM. The Neglected 

Insulin: IGF-II, a Metabolic Regulator with Implications 

for Diabetes, Obesity, and Cancer. Cells 2019; 8(10): 

1207. 

39. Pollak M. The insulin and insulin-like growth factor 

receptor family in neoplasia: an update. Nature 

reviews.cancer 2012; 12(3): 159-169. 

40. Gao J, Chesebrough JW, Cartlidge SA, Ricketts SA, 

Incognito L, Veldman-Jones M, Blakey DC, Tabrizi M, 

Jallal B, Trail PA, Coats S, Bosslet K, Chang YS. Dual 

IGF-I/II-neutralizing antibody MEDI-573 potently 

inhibits IGF signaling and tumor growth. Cancer 

research 2011; 71(3): 1029-1040. 

41. Alfares MN, Perks CM, Hamilton-Shield JP, Holly JMP. 

Insulin-like growth factor-II in adipocyte regulation: 

depot-specific actions suggest a potential role limiting 

excess visceral adiposity. American journal of 

physiology. Endocrinology and metabolism 2018; 

315(6): E1098-E1107.  

42. Nieman KM, Romero IL, Van Houten B, Lengyel E. 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.2
7.

5.
29

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.5

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

5-
18

 ]
 

                            12 / 13

http://dx.doi.org/10.61186/ibj.27.5.294
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.5.6.2
http://ibj.pasteur.ac.ir/article-1-3830-en.html


Hub Genes for Adenoid Cystic Carcinoma Treatment Forooghi Pordanjani et al. 

 

 

306 Iran. Biomed. J. 27 (5): 294-306 
 

Adipose tissue and adipocytes support tumorigenesis and 

metastasis. Biochimica et biophysica acta 2013; 

1831(10): 1533-1541. 

43. Li Y, Mao AS, Seo BR, Zhao X, Gupta SK, Chen M, Han 

YL, Shih TY, Mooney DJ, Guo M. Compression-induced 

dedifferentiation of adipocytes promotes tumor 

progression. Science advances 2020; 6(4): eaax5611.  

44. Zhang Z, Xu Y, Xu Q, Hou Y. PPARγ against tumors by 

different signaling pathways. Onkologie 2013; 36(10): 

598-601. 

45. Belfiore A, Genua M, Malaguarnera R. PPAR-γ agonists 

and their effects on IGF-I receptor signaling: 

Implications for cancer. PPAR research 2009; 2009: 

830501.  

46. Greenfield JR, Chisholm DJ, Endocrinology DO. 

Thiazolidinediones - mechanisms of action. Australian 

Prescriber 2004; 27: 67-70. 

47. Malaguarnera R, Belfiore A. The insulin receptor: a new 

target for cancer therapy. Frontiers in endocrinology 

2011; 2: 93. 

48. Lv S, Wang W, Wang H, Zhu Y, Lei C. PPARγ activation 

serves as therapeutic strategy against bladder cancer via 

inhibiting PI3K-Akt signaling pathway. BMC cancer 

2019; 19(1): 204. 

49. Vella V, Nicolosi ML, Giuliano S, Bellomo M, Belfiore 

A, Malaguarnera R. PPAR-γ agonists as antineoplastic 

agents in cancers with dysregulated IGF axis. Frontiers 

in endocrinology 2017; 8: 31.  

50. Guo Y, Yu T, Yang J, Zhang T, Zhou Y, He F, Kurago 

Z, Myssiorek D, Wu Y, Lee P, Li X. Metformin inhibits 

salivary adenocarcinoma growth through cell cycle arrest 

and apoptosis. American journal of cancer research 

2015; 5(12): 3600-3611. 

51. Lattanzio R, Piantelli M, Falasca M. Role of 

phospholipase C in cell invasion and metastasis. 

Advances in biological regulation 2013; 53(3): 309-318. 

52. Thibodeau J, Bourgeois-Daigneault MC, Lapointe R. 

Targeting the MHC Class II antigen presentation 

pathway in cancer immunotherapy. Oncoimmunology 

2012; 1(6): 908-916. 

53. Liu Z, Gao J, Yang Y, Zhao H, Ma C, Yu T. Potential 

targets identified in adenoid cystic carcinoma point out 

new directions for further research. American journal of 

translational research 2021; 13(3): 1085-1108. 

 

 

 

 

 09359012551فروغی: 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.2
7.

5.
29

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.5

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

5-
18

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.61186/ibj.27.5.294
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.5.6.2
http://ibj.pasteur.ac.ir/article-1-3830-en.html
http://www.tcpdf.org

