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TYROBP as a molecular target in 
cholangiocarcinoma, renal cancer and abdominal 
aortic aneurysm
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Abstract 
Cholangiocarcinoma occurs when there is a malignant tumor in the bile duct system. Renal cancer originates from renal tubular 
epithelial cells. Abdominal aortic aneurysm (AAA) is a permanently localized dilation caused by a lesion or injury to abdominal 
aortic wall. However, the relationship between TYROBP and cholangiocarcinoma, renal cancer and AAA remains unclear. The 
profiles of cholangiocarcinoma dataset GSE107943, renal cell carcinoma dataset GSE213324, and AAA dataset GSE47472 were 
downloaded from the GEO database using the platforms GPL18573, GPL24676, and GPL10558. DEGs were screened, WGCNA 
was performed as well as construction and analysis of PPI network. Functional enrichment analysis, GSEA, heat map of gene 
expression, survival analysis, and immune infiltration analysis were performed. The most relevant diseases to core genes were found 
by CTD. The GSE107943 dataset identified 3383 DEGs for cholangiocarcinoma, GSE47472 identified 95 DEGs for abdominal 
aortic aneurysm, and GSE213324 identified 10245 DEGs for renal cell carcinoma. For the GSE107943 cholangiocarcinoma 
dataset, GO analysis revealed enrichment in immune response, cell adhesion, extracellular space, and oxidoreductase activity. 
KEGG analysis indicated enrichment in metabolic pathways, the PI3K-Akt signaling pathway, cell apoptosis, the cell cycle, and 
the NF-kappa B signaling pathway. In the GSE47472 AAA dataset, GO analysis showed enrichment in neuroblast differentiation, 
cardiac muscle myofilament complex, and alkaline binding. KEGG analysis indicated enrichment in mRNA surveillance pathway 
and purine metabolism. In the GSE213324 renal cell carcinoma dataset, GO analysis indicated enrichment in immune system 
processes, cell adhesion, and membrane parts. KEGG analysis showed enrichment in cytokine-cytokine receptor interaction, 
calcium signaling pathway, and hematopoietic cell lineage. Furthermore, for cholangiocarcinoma (GSE107943), enriched terms 
associated with DEGs were in metabolic pathways, cell apoptosis, and the cell cycle. For AAA (GSE47472), enriched terms 
were in alkaline binding and cellular redox homeostasis. For renal cell carcinoma (GSE213324), enriched terms were in biological 
adhesion, regulation of immune system processes, and cell surface. Common core genes (ADH6, AGXT, CYP3A43, TYROBP) were 
identified for cholangiocarcinoma, renal cell carcinoma, and AAA. ADH6 and TYROBP were associated with cholangiocarcinoma, 
AAA, renal tumors, kidney diseases, atherosclerosis, and inflammation. TYROBP is abnormally expressed in cholangiocarcinoma, 
renal cancer and abdominal aortic aneurysm.

Abbreviations:  AAA = abdominal aortic aneurysm, CTD = comparative toxicogenomics database, DEGs = differentially 
expressed genes, GEO = gene expression omnibus, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto 
Encyclopedia of genes and genomes, PPI = protein-protein interaction, STRING = Search Tool for the Retrieval of Interacting 
Genes, WGCNA = weighted gene co-expression network analysis.
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1. Introduction
Cholangiocarcinoma refers to a common malignant tumor 
originating from the bile duct, including the extrahepatic bile 
duct from the hepatic hilum to the distal common bile duct.[1] 
It is more prevalent in middle-aged and elderly individuals, 

with insidious onset, lack of specific clinical manifestations, 
and often invasion of the bile duct by the tumor.[2] Early metas-
tasis is relatively uncommon, mainly involving infiltration and 
direct spread along the bile duct wall in an upward and down-
ward direction. Clinical management options include surgical 
treatment, radiotherapy, and chemotherapy. Novel therapeutic 
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approaches include photodynamic therapy and intracavitary 
radiofrequency ablation.[3] However, the prognosis is generally 
poor. In early cases, surgical resection is the primary treatment, 
often followed by adjuvant radiotherapy and chemotherapy to 
consolidate and enhance the surgical outcomes. For advanced 
cases where surgical resection is not feasible, biliary drainage 
procedures should be performed to control biliary infections, 
improve liver function, reduce complications, prolong life, 
and enhance the quality of life.[4,5] Renal cancer is a malig-
nant tumor originating from renal cells. Renal cancer usually 
develops in people over the age 50, with a higher incidence 
in men than in women, and the risk is about twice as high 
in smokers, genetic factors, chronic kidney disease, obesity 
may increase the risk of kidney cancer.[6,7] Renal cancer has a 
predilection for the elderly, and has a certain familial heredi-
tary predisposition to kidney cancer. Early stage renal cancer 
is usually asymptomatic and difficult to detect. When tumors 
increase in size or metastasize, symptoms such as hematuria, 
low back or abdominal pain, masses, weight loss, fever, fatigue, 
fractures, or bone pain may develop.[8] The pathologic types 
of RCC include RCC, transitional cell carcinoma, sarcoma, 
and childhood Wilms tumor, among others, and will usually 
be classified as grades I-IV. In RCC, the tumor cells have mor-
phologies typical of clear cells, granulosa cells, and papillary 
cells.[9,10] Renal cancer is a relatively harmful malignancy with 
high invasiveness and metastasis, and patients often experi-
ence pain and discomfort. Abdominal aortic aneurysm refers 
to a locally dilated, formed vasculopathy of the abdominal 
aorta that occurs in its mural layer. The abdominal aortic 
aneurysm is a common vascular disease that usually occurs in 
elderly over 60 years of age, is about 3 times more prevalent 
in men than in women, twice the risk in smokers, and has a 
higher incidence in developed countries such as Europe and 
the United States.[11–13] Early asymptomatic, slow growth rate, 
high insidious, easy rupture of abdominal aortic aneurysm 
will lead to severe internal bleeding, with a high mortality rate 
of more than 80%.[14] Early abdominal aortic aneurysms are 
usually asymptomatic, and as abdominal aortic aneurysms 
grow, abdominal discomfort, low back pain, pulse abnormal-
ities, palpitations, shortness of breath, change in appearance, 
sudden pain, and other symptoms occur. The pathological fea-
tures of abdominal aortic aneurysm (AAA) are associated with 
abnormal dilatation of arterial wall, stratification of layers 
of the vessel wall, fibrosis of the vessel wall, thrombosis, and 
rupture of the aneurysm.[15] Abdominal aortic aneurysm has a 
great harm, abdominal aortic aneurysm rupture causes mas-
sive internal bleeding, thrombosis blocks blood vessels, with 
the enlargement of abdominal aortic aneurysm compressing 
surrounding tissues.

Bioinformatics is an interdisciplinary field that involves com-
puter science, mathematics, biology, and statistics. The develop-
ment of bioinformatics technology has greatly assisted biological 
research, accelerating the interpretation and understanding of 
biomolecules such as genomes, proteins, and metabolomes. 
Bioinformatics technology includes sequence analysis, structure 
analysis, functional prediction, systems biology, genomics, and 
proteomics. Bioinformatics technology is constantly evolving, 
allowing for more efficient and accurate interpretation of bio-
logical information. The advantages of bioinformatics technol-
ogy are mainly reflected in its efficiency, accuracy, visualization, 
and reproducibility.

However, at present the relationship between the TYROBP 
gene and cholangiocarcinoma, renal cancer and abdominal aor-
tic aneurysm is unknown. Therefore, the study intends to use 
the bioinformatics technology to mine the core genes, and cor-
relation analysis was performed. The public datasets were used 
to validate significant role of TYROBP gene in cholangiocarci-
noma, renal cancer and abdominal aortic aneurysm. And the 
basal cell experiment was applied to verify it.

2. Method

2.1. Cholangiocarcinoma, renal cancer and abdominal 
aortic aneurysm datasets

In this study, the profiles of cholangiocarcinoma dataset 
GSE107943, renal cell carcinoma dataset GSE213324, and 
abdominal aortic aneurysm dataset GSE47472 were down-
loaded from the GEO database (http://www.ncbi.nlm.nih.
gov/geo/) using the platforms GPL18573, GPL24676, and 
GPL10558, respectively. GSE107943 consists of 30 cholan-
giocarcinoma samples and 27 normal samples. GSE213324 
includes 21 renal cell carcinoma samples and 20 normal sam-
ples. GSE47472 comprises 14 abdominal aortic aneurysm sam-
ples and 8 normal samples.

2.2. Differentially expressed genes (DEGs) were screened

Probe aggregation and background correction of merge 
matrix using R package “limma.” P value were adjusted using 
Benjamini-Hochberg method. The multiple change (FC) is cal-
culated using error detection rate (FDR). The cutoff value of 
DEG is P less than .05 and FC is greater than 1.5. And make a 
visual representation of the volcano.

2.3. Weighted gene co-expression network analysis 
(WGCNA)

First of all, use de-batch and post-merge matrix to calculate 
Median Absolute Deviation of each gene. The good sample 
gene method of WGCNA in R package was used to remove out-
lier genes and samples to construct a scale-free co-expression  
network. To classify genes with similar expression profiles 
into gene modules, we performed average linkage hierarchical 
clustering on the gene dendrogram based on the Topological 
Overlap Measure (TOM) with a minimum gene group size of 
30. A sensitivity threshold of 3 was set. For further module 
analysis, we computed differences between module charac-
teristic genes, selected a cut line for the module dendrogram, 
and merged certain modules. Additionally, we merged modules 
with a distance less than 0.25. It is noteworthy that the gray 
module is considered a gene set that cannot be assigned to any 
module.

2.4. Protein-protein interaction (PPI) network

Search Tool for the Retrieval of Interacting Genes (STRING) 
is a search system for known and predicted PPI. The STRING 
also contains the predicted results using bioinformatics meth-
ods. The DEGs were input into the PPI network constructed by 
STRING and the core genes were predicted. The PPI network 
was visualized, core genes are predicted by Cytoscape software. 
First of all, we import PPI network into the Cytoscape, and then 
find the module with the best correlation through MCODE, and 
MCC and MNC were used to calculate the best correlated genes. 
Finally, the list of core genes was obtained after visualization.

2.5. Functional enrichment analysis

Gene Ontology (GO) analysis is a computational method to 
evaluate gene functions and biological pathways, and it is a key 
step to endow sequence information with practical biological 
significance. Kyoto Encyclopedia of Gene and Genome (KEGG) 
is an online database dedicated to collecting information on 
genomes, molecular interaction networks, enzyme catalytic 
pathways, and biochemical products. The genomic informa-
tion and gene function were linked, and gene function was 
systematically analyzed. The list of differential genes screened 
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by Wayne map was input into KEGG rest API obtained latest 
KEGG Pathway gene annotation. Gene set enrichment results 
were obtained using R package cluster Profiler.

Metascape (http://metascape.org/) can realize cognition of 
gene or protein function, and can be visually exported. We used 
Metascape database to analyze functional enrichment of the 
above differential gene list and derive it.

2.6. Gene set enrichment analysis (GSEA)

GSEA is based on level-specific gene probes that evaluate data 
from microarrays and is a way to uncover genomic expression 
data through fundamental knowledge. Based on cholangiocar-
cinoma and normal samples, renal cell carcinoma and normal 
samples, abdominal aortic aneurysm and normal samples, the 3 
sets of samples are divided into 2 groups each. Five is minimum 
gene set and 5000 is maximum gene set, 1000 resampling times. 
The whole genome was analyzed by GO and KEGG.

2.7. Gene expression heat map

We use the R-packet heatmap to map expression of core genes 
found in PPI network. Differential expression of core genes in 
cholangiocarcinoma, renal cell carcinoma, abdominal aortic 
aneurysm and normal samples were visualized.

2.8. Survival analysis

We obtained clinical survival data for renal cell carcinoma from 
TCGA and calculated the optimal cutoff value for the RiskScore 
of core genes using the R package maxstat (version: 0.7–25). 
The cutoff value was set with a minimum group sample size 
greater than 25% and a maximum sample size less than 75%. 
Based on this, we divided the samples into high and low groups. 
Further analysis was performed using the R package survival’s 
survfit function to assess the prognostic differences between the 
2 groups. The log-rank test method was employed to evaluate 
the significance of prognostic differences between samples in 
different groups. We observed whether each independent core 
gene had a significant impact on the prognosis of renal cell 
carcinoma.

Additionally, we conducted ROC analysis using the R pack-
age pROC (version 1.17.0.1). Patient follow-up times were uti-
lized to perform ROC analysis at time points of 365, 1095, and 
1825 days with the roc function of pROC. The ci function of 
pROC was employed to assess the AUC and confidence intervals 
to obtain the final AUC results, indicating the diagnostic value 
of the core gene prognostic score. Furthermore, we generated 
overall survival plots and box plots for cholangiocarcinoma to 
visualize the impact of core genes in cholangiocarcinoma.

2.9. Immune infiltration analysis

The CIBERSORT is a very common method for calculating 
immune cell infiltration. We applied the integrated bioinfor-
matics method, used the CIBERSORT software package to 
analyze the de-batch merging matrix, and immune cell abun-
dance was estimated by deconvoluting the expression matrix 
of immune cell subtypes by linear support vector regression 
principle. At the same time, the samples with sufficient confi-
dence were selected by using confidence P < .05 as the trunca-
tion criterion.

2.10. Comparative toxicogenomics database (CTD) 
analysis

CTD is a powerful public database, which predict gene/protein 
relationships with disease. We input core gene into CTD, find 

disease most related to the core gene. Excel was used to draw 
the radar map of differential expression of each gene.

3. Results

3.1. Analysis of DEGs

In this study, using the predefined cutoff values, DEGs were 
identified based on the matrices for cholangiocarcinoma, renal 
cell carcinoma, and abdominal aortic aneurysm. In the cholan-
giocarcinoma dataset GSE107943, 3383 DEGs were identified 
(Fig. 1A). For the abdominal aortic aneurysm dataset GSE47472, 
95 DEGs were identified (Fig. 1B). In the renal cell carcinoma 
dataset GSE213324, 10245 DEGs were identified (Fig. 1C).

3.2. The functional enrichment analysis

3.2.1. DEGs.  GO and KEGG analyses were conducted. For the 
DEGs identified in the cholangiocarcinoma dataset GSE107943. 
According to the GO analysis results, they are mainly enriched 
in immune response, cell adhesion, extracellular space, and 
oxidoreductase activity (Fig. 2A–C). As for the KEGG analysis 
results, the targeted cells are mainly enriched in metabolic 
pathways, the PI3K-Akt signaling pathway, cell apoptosis, the 
cell cycle, and the NF-kappa B signaling pathway (Fig. 2D).

For GSE47472, according to GO analysis, DEGs were mainly 
enriched in neuroblastic differentiation, cardiac troponin com-
plex, and base binding (Fig. 3A–C). KEGG analysis showed that 
target cells were mainly enriched in mRNA monitoring pathway 
and purine metabolism (Fig. 3D).

For GSE213324, according to GO analysis, DEGs were 
mainly enriched in immune system processes, cell adhesion, and 
plasma membrane parts (Fig. 4A–C). KEGG analysis showed 
that the target cells were mainly enriched in interaction between 
cytokines and cytokine receptors, calcium signaling pathway, 
and hematopoietic cell lines (Fig. 4D).

3.2.2. GSEA.  GSEA was performed to search for possible 
enrichment items among non-differentially expressed genes, 
and results of DEGs were verified. For the cholangiocarcinoma 
dataset GSE107943, the intersection of enriched terms between 
GO and KEGG pathways for the identified DEGs is shown in the 
figure. The main enrichment is observed in metabolic pathways, 
cell apoptosis, and the cell cycle (Fig. 2E–H).

For GSE47472, the intersection of enrichment terms and GO 
KEGG enrichment terms of DEGs was mainly enriched in base 
binding and cellular REDOX homeostasis (Fig. 3E–H).

For GSE213324, the intersection of enrichment terms and 
GO KEGG enrichment terms of DEGs was mainly enriched in 
biological adhesion, regulation of immune system processes, 
and cell surface (Fig. 4E–H).

3.3. Metascape enrichment analysis

In Metascape’s enrichment analysis, differential genes from 
cholangiocarcinoma, renal cell carcinoma, and abdominal aor-
tic aneurysm were subjected to GO enrichment analysis. The 
results indicate regulation of tumor necrosis factor production, 
PID FOXM1 pathway, and negative regulation of the immune 
system process (Fig. 5A). Additionally, we generated enrichment 
networks colored by enriched terms and P values (Fig. 5B and 
C), providing a visual representation of the associations and 
confidence levels of various enriched terms.

3.4. WGCNA

The network topology is analyzed and the soft threshold power 
of WGCNA is set to 6 (Fig. 6A and B). Hierarchical clustering 
trees were constructed for all genes, significant modules were 

http://metascape.org/
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generated (Fig. 6C). The interaction between modules was ana-
lyzed (Fig. 6D). Heatmaps of the correlation between modules 
and phenotypes (Fig. 7A). Scatter plots of correlation between 
GS and MM were generated (Fig. 7B).

The calculation of the module eigengene (ME) and its cor-
relation with gene expression was performed to obtain module 
membership (MM). Based on a cutoff criterion (|MM| > 0.8), 
4916 highly connected genes were identified as hub genes within 
clinically significant modules. Additionally, a Venn diagram was 
generated using the intersection of genes selected by Weighted 
Gene Co-expression Network Analysis (WGCNA) and differ-
entially expressed genes (DEGs). This intersection was utilized 

for the creation and analysis of protein-protein interaction net-
works (Fig. 7C).

3.5. Immune infiltration analysis

The analysis of the matrix was conducted using the 
CIBERSORT software package. At a 95% confidence level, 
the proportions of immune cells in the entire gene expres-
sion matrix were obtained (Fig. 8A), and a heatmap of the 
expression levels of immune cells in the dataset was gener-
ated (Fig. 8B). Furthermore, co-expression correlation analysis 

Figure 1.  Analysis of differentially expressed genes. (A) Cholangiocarcinoma, 3383 DEGs were identified in GSE10794. (B) Abdominal aortic aneurysm, 95 
DEGs were identified in GSE47472. (C) Renal cell carcinoma, 10245 DEGs were identified in GSE213324. DEGs = differentially expressed genes.
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was performed on infiltrating immune cells, resulting in a co- 
expression pattern diagram among immune cell components 
(Fig. 8C).

3.6. The PPI Network

We created Protein-Protein Interaction (PPI) networks for 
the differential genes of the 3 diseases. The PPI network for 

Figure 2.  Functional enrichment analysis of cholangiocarcinoma. (A–C) GO. (D) KEGG. (E–H) GSEA. GO = gene ontology, GSEA = gene set enrichment anal-
ysis, KEGG = Kyoto Encyclopedia of genes and genomes.
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GSE107943 is shown in Figure 9A, and the core gene cluster 
for cholangiocarcinoma was identified (Fig. 9B). Subsequently, 
the PPI network for GSE47472 was obtained (Fig. 9C), and 
core genes for abdominal aortic aneurysm were identified 

using the MCC algorithm (Fig. 9D). Next, the PPI network 
for GSE213324 was generated (Fig. 9E), and core genes for 
renal cell carcinoma were identified using the MCC algo-
rithm (Fig. 9F). Finally, the intersection of core genes for the 3 

Figure 3.  Functional enrichment analysis of abdominal aortic aneurysm. (A–C) GO. (D) KEGG. (E–H) GSEA. GO = gene ontology, GSEA = gene set enrichment 
analysis, KEGG = Kyoto Encyclopedia of genes and genomes.
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diseases was visualized in a Venn diagram (Fig. 9G), revealing 
common core genes (ADH6, AGXT, CYP3A43, TYROBP) in 
cholangiocarcinoma, renal cell carcinoma, and abdominal aor-
tic aneurysm.

3.7. Survival analysis

Using survival data downloaded from TCGA, we generated  
survival-related results for cholangiocarcinoma and renal 
cell carcinoma. Firstly, we obtained the overall survival plot 

Figure 4.  Functional enrichment analysis of renal cancer. (A–C) GO. (D) KEGG. (E–H) GSEA. GO = gene ontology, GSEA = gene set enrichment analysis, KEGG 
= Kyoto Encyclopedia of genes and genomes.
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(Fig. 10A) and box plot (Fig. 10B) for the core genes in chol-
angiocarcinoma. The results indicate differential expression of 
core genes between cholangiocarcinoma and normal samples, 

and their impact on the survival outcomes in cholangiocarci-
noma. Next, we created a forest plot (Fig. 11A) and KM sur-
vival curve (Fig. 11B) for renal cell carcinoma, along with a box 

Figure 5.  Metascape enrichment analysis. (A) In Metascape’s enrichment analysis, differential genes from cholangiocarcinoma, renal cell carcinoma, and 
abdominal aortic aneurysm were subjected to GO enrichment analysis. The results indicate regulation of tumor necrosis factor production, PID FOXM1 pathway, 
and negative regulation of the immune system process (B) The enrichment network colored by enrichment terms (C) The enrichment network colored by P value 
(D) A visual representation of the associations and confidence levels of various enriched terms. GO = gene ontology.
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plot for the core genes (Fig. 11C). The results reveal significant 
differences in the expression of core genes between renal cell 
carcinoma and normal samples. Subsequently, we plotted the 
prognosis score relationship for renal cell carcinoma, observing 
a clear decrease in patient survival rates with increasing risk 

scores, where the low-risk group exhibited significantly higher 
survival time and rates than the high-risk group (Fig. 12A).

Visualizing the expression heatmap of core genes in renal 
cell carcinoma survival data, we found that the core gene 
(ADH6) acts as a protective factor, showing a downregulation 

Figure 6.  WGCNA. (A) β = 6, 0.63 (B) β = 6, 325.26 (C) Hierarchical clustering trees were constructed for all genes, significant modules were generated. (D) 
Interactions between these modules.
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trend with increasing risk scores. On the other hand, core 
genes (CYP3A43, TYROBP) act as risk factors, exhibiting 
an upregulation trend with increasing risk scores (Fig. 12B). 

Additionally, we generated ROC curves for the risk score, and 
the AUC values indicate that the risk score has predictive value 
(Fig. 12C).

Figure 7.  WGCNA. (A) Heatmaps of the correlation between modules and phenotypes. (B) Scatter plots of correlation between GS and MM. (Fig. 7C) Venn 
diagram was generated using the intersection of genes selected by WGCNA and DEGs. DEGs = differentially expressed genes, WGCNA = weighted gene 
co-expression network analysis.
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3.8. Gene expression heat map

We visualized the expression heatmaps of core genes in the sam-
ples and observed significant differences in the expression levels of 
core genes (ADH6, TYROBP) between cholangiocarcinoma, renal 

cell carcinoma, and abdominal aortic aneurysm samples com-
pared to normal samples (Fig. 13A–C). This suggests that the core 
genes (ADH6, TYROBP) may play a regulatory role in cholangio-
carcinoma, renal cell carcinoma, and abdominal aortic aneurysm.

Figure 8.  Immune infiltration analysis. (A) The proportions of immune cells in the entire gene expression matrix. (B) A heatmap of the expression levels of 
immune cells in the dataset. (C) co-expression pattern diagram among immune cell components.
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3.9. The CTD analysis

In this study, we input the list of core genes into the CTD web-
site to search for diseases related to these core genes, enhanc-
ing our understanding of the associations between genes and 

diseases. We discovered that the core genes (ADH6, TYROBP) 
are associated with cholangiocarcinoma, abdominal aortic 
aneurysm, renal tumors, kidney diseases, atherosclerosis, and 
inflammation (Fig. 13D). Combining the results of the above 

Figure 9.  The PPI Network. (A) GSE107943. (B) The core gene cluster for cholangiocarcinoma. (C) GSE47472. (D)The core genes for abdominal aortic aneu-
rysm were identified using the MCC algorithm. (E) GSE213324. (F) The core genes for renal cell carcinoma were identified using the MCC algorithm. (G)The 
intersection of core genes for the 3 diseases was visualized in a Venn diagram. PPI = protein-protein interaction.
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analyses, we selected the core gene (TYROBP) that is signifi-
cantly correlated with cholangiocarcinoma, renal cell carci-
noma, and abdominal aortic aneurysm as the target gene for 
our study.

4. Discussion
Cholangiocarcinoma is a malignant tumor that grows in the bile 
ducts of the liver, exhibiting distinct regional prevalence with a 
slightly higher incidence in males.[16] Renal cancer is a relatively 

Figure 10.  Survival analysis. (A) The overall survival plot. (B)The box plot.
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harmful malignancy, which may continue to grow and spread 
to other sites if not discovered and treated in a timely manner, 
resulting in the widespread spread and growth of cancer cells in 
the body and ultimately endangering the life of patients. Renal 
cancer is generally highly aggressive and metastatic, causing 
damage to various systems of the body. Renal cancer may cause 

pain and discomfort in areas such as the waist, back, abdo-
men, and bones. The diagnosis and treatment of kidney cancer 
may cause psychological stress to the patient and family, while 
it may cause several side effects.[17] Abdominal aortic aneu-
rysms are very harmful, rupture of abdominal aortic aneurysms 
causes massive internal bleeding, is life-threatening, abdominal 

Figure 11.  Survival analysis. (A) Forest plot. (B) KM survival curve. (C) Box plot for the core genes.
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aortic aneurysms will form blood clots, block blood vessels, 
and as abdominal aortic aneurysms enlarge, may compress 
surrounding tissues and organs.[18] The molecular mechanism 
of renal cancer is a complex process. The mammalian target 
of rapamycin (mTOR) signaling pathway plays a role in the 

regulating cell growth and metabolic processes. MTOR path-
way abnormalities commonly observed in renal cancer can lead 
to cellular hyperproliferation and metabolic abnormalities.[19] 
Chromosomal deletions common in renal cancer may lead to 
abnormalities in multiple cancer-related pathways, such as loss 

Figure 12.  Survival analysis. (A) The prognosis score relationship for renal cell carcinoma. (B) Core gene expression in renal cell carcinoma survival data volume 
heat maps. (C) ROC curves for the risk score.
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of the tumor suppressor p53, among others.[20,21] There are 
other genetic mutations in RCC, such as BaP1, setd2, PTEN, 
TP53 and others. These mutations may lead to abnormalities in 
biological processes such as tumorigenesis, proliferation, inva-
sion and metastasis.[22] Common epigenetic alterations in renal 

cancer include DNA methylation and histone modifications, 
among others. These alterations may lead to abnormal gene 
expression and thus affect multiple biological processes.[23] The 
molecular mechanisms underlying abdominal aortic aneurysms 
include multiple aspects. The inflammatory response triggers a 

Figure 13.  (A) Gene expression heat map of cholangiocarcinoma (B) Gene expression heat map of renal cell carcinoma. (C) Gene expression heat map of 
abdominal aortic aneurysm. (D) CTD analysis. CTD = comparative toxicogenomics database.
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series of biological events, including the release of cytokines, 
chemical mediators, which can cause cell apoptosis, degrada-
tion of extracellular matrix (ECM) degradation and apoptosis 
of smooth muscle cell (SMC), leading to structural changes in 
the aortic wall and ultimately formation of AAA.[24] During the 
development of AAA, release of a variety of cytokines and medi-
ators caused by inflammatory response can promote expression 
and activity of MMPs (matrix metalloproteinases) and other 
proteases in the aortic wall, leading to the degradation of ECM 
and increased vulnerability of the aortic wall.[25] Under normal 
conditions, SMCs of the aortic wall are the main components 
of the aortic wall, and the loss of SMCs and apoptosis of SMCs 
is one of the main causes of abdominal aortic aneurysm for-
mation. Several factors, such as oxidative stress, inflammatory 
response and genetic factors, can lead to SMC proliferation and 
apoptosis, resulting in structural changes of the aortic wall and 
the formation of abdominal aortic aneurysms.[26] Mutations 
in tgfbr2, myh11, ACTA2, FLNA, and COL3A1 may lead to 
abnormal ECM metabolism and abnormal SMC proliferation 
and apoptosis, which can trigger abdominal aortic aneurysm 
formation.[27–29] The main results of this study are that TYROBP 
gene is aberrantly expressed in cholangiocarcinoma, renal can-
cer and abdominal aortic aneurysm.

The tyrosine protein kinase binding protein (TYROBP) is a 
transmembrane adaptor molecule consisting of a single trans-
membrane region and a short intracellular domain. TYROBP 
mainly plays a role in immune system and regulates the func-
tion of immune cells by binding to activating receptors on the 
cell surface. TYROBP mainly binds to activating receptors of 
the NKG2 family and regulates activation of natural killer 
(NK) cells and certain T cell subsets. When TYROBP binds to 
its activating receptors, it activates several downstream signal-
ing pathways, such as Syk, ZAP-70, and PI3K, which promote 
cell proliferation, cytokine production, and cytotoxic kill-
ing, and TYROBP also binds to other receptors, and plays a 
role in the regulation of monocytes Biological processes such 
as macrophages and dendritic cells play a role.[30,31] There are 
studies suggesting an interaction between TYROBP, Sox6 and 
renal tumors, with higher inferred scores for TYROBP and 
Sox6 for renal tumors.[32] The high expression of TYROBP is 
closely related to the poor prognosis and immune cell infiltra-
tion of clear cell renal cell carcinoma.[33] It has also been shown 
that in vivo experiments revealed that TYROBP is significantly 
underexpressed in AAA abdominal aortic tissue.[34] Therefore, 
it is speculated that TYROBP may influence the occurrence and 
development of cholangiocarcinoma, renal cell carcinoma, and 
abdominal aortic aneurysm.

Although this paper has carried out rigorous bioinformatics 
analysis, there are still some shortcomings. Animal experiments 
with overexpression or knockdown of the gene were not per-
formed in this study to further verify the function.

5. Conclusion
TYROBP is aberrantly expressed in cholangiocarcinoma, renal 
cancer and abdominal aortic aneurysm and may play a sig-
nificant role through cellular regulation and other pathways. 
TYROBP may serve as a molecular target for precision treatment 
of cholangiocarcinoma, renal cancer and abdominal aortic aneu-
rysm and provide a certain direction basis for mechanistic study
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