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Abstract: Objective: To analyze the biological 
functions and its clinical significance of let-7b-5p target 
gene in cholangiocarcinoma utilizing bioinformatics. 
Methods: The paper focuses on the let-7b-5p target 
gene, and predicts its biological functions as well as 
related signal pathways through GO biological function 
and KEGG signal pathway enrichment analysis. The 
STRING database and Cytoscape are used to construct 
a protein-protein interaction network to screen core 
genes. Results: The results of GO analysis showed 
that let-7b-5p target gene was mainly enriched in 
biological processes such as Small GTPase binding, 
Rho GTPase binding, and Rac GTPase binding. The 
results of KEGG analysis showed that let-7b-5p target 
gene was significantly enriched in key signaling 
pathways including Focal adhesion and ECM-receptor 
interaction. Through protein-protein interaction 
network and module analysis, CXCL8 and SDC2 were 
screened as the core site. Conclusion: let-7b-5p can 
participate in the regulation of biological functions of 
tumor cells in cholangiocarcinoma, suggesting that it 
may play an important role as a tumor suppressor gene 
and biomarker in the occurrence and development of 
cholangiocarcinoma, which provides new ideas for its 
diagnosis and treatment.
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Cholangiocarcinoma (CCA) is a highly malignant bile 
tract tumor that originates from the epithelial cells 
of the inner lining of the bile duct. CCA accounts for 
about 5-10% of gastrointestinal tumors, which is more 
common in Asian countries. In the past 30 years, a 
number of studies have shown that the incidence and 
mortality of CCA are increasing globally[1]. Due to 
the hidden symptoms, the lack of specific diagnostic 
indicators, the difficulty of diagnosis, as well as 
biological characteristics of CCA, the prognosis 
is extremely poor. Although surgical resection has 
always been considered as the only potential way to 
cure CCA, the postoperative prognosis of patients 
is still poor, with only a 5-year survival due to 
some studies[2]. Therefore, there is an urgent need 
to find some molecular targets and tumor markers 
for early diagnosis and effective individualized 
treatment. MicroRNA is a type of endogenous non-
coding single-stranded RNA molecule with a length 
of about 22 nucleotides, which can specifically 
bind to mRNA at the post-transcriptional level to 
regulate the expression of target genes, and plays 
a crucial role in the occurrence and development 
of tumors[3]. Studies have shown that let-7b-5p is 
involved in the occurrence and development of liver 
cancer,esophageal cancer and so on.However,the 
specific mechanism and clinical significance of let-
7b-5p in CCA have not been revealed yet[4-5]. With 
the development of bioinformatics, the improvement 
of many disease databases provide a theoretical basis 
for revealing the pathogenesis of human diseases and 
new therapeutic targets. The paper uses bioinformatic 
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technology to screen out the differentially expressed 
genes (target genes) of CCA and their functions as 
well as signal pathways, and further excavate the core 
genes, so as to study the biological functions of let-
7b-5p target gene and provide data and theoretical 
guidance.

1  Materials and methods

1.1  The acquisition of let-7b-5p target gene
The miRWALK database was used to identify 57943 
binding sites with let-7b-5p, then screened with 
3-UTR, 7245 sites were left.
1.2  The GO enrichment analysis and KEGG 
pathway analysis of differential genes
The DAVID database (https://david.ncifcrf.gov/)
was used to analyze the selected target genes, and 
gene function annotation enrichment analysis was 
performed based on Gene Ontology (GO). Moreover, 
data was analyzed through biological processes 
(BP), cellular components (CC), and molecular 
function (MF). The Kyoto Encyclopedia of Genes 
and Genomes (KEGG) annotates target genes with 
a list of genes and pathway networks involved in it, 
and deals with genomes, cells, diseases, as well as 
signal pathways. In the paper, we analyzed the KEGG 
signal pathway through the KOBAS database, and the 
screening condition was P<0.05.
1.3  The protein-protein interaction network 
analysis of differential genes
The protein-protein interaction network (PPI) 
of differential genes and modular analysis were 
conducted through STRING database (http://
string-db.org/) and Cytoscape. The target gene was 
imported into the STRING database to perform PPI 
analysis. Then, use the degree plug-in of Cytoscape 
software to perform module analysis, and mine the 
most closely connected modules in the PPI to predict 
the interaction between the encoding proteins of the 
target genes. At the same time, screen out the most 
critical genes.

2  Results

2.1  The GO enrichment analysis and KEGG 
pathway analysis of let-7b-5p differential genes
The DAVID database was used to perform GO 
biological function enrichment analysis of target 

genes. In the biological process, these target genes 
are mainly involved in the activation of T cells and 
the reaction to acidic chemicals. In terms of cell 
components, target genes are mainly enriched in 
the apical plasma membrane and other parts. As 
for molecular functions, target genes are mainly 
enriched in Small GTPase binding, Rho GTPase 
binding, and Rac GTPase binding, etc, as shown in 
Figure 1. Enrichment analysis of KEGG signaling 
pathway suggested that significant target genes 
were mainly enriched in Focal adhesions and ECM-
receptor interactions, as shown in Figure 2.The 
results of GO functional biological function and 
KEGG signal pathway enrichment analysis indicated 
that the biological function related to CCA was Focal 
adhesion and ECM-receptor interaction.

Figure 1. The GO biological function enrichment analysis of target 
genes

Figure 2. The KEGG signal pathway analysis of target genes 

2.2  Screening of key genes in the let-7b-5p 
protein-protein interaction network
In order to screen out the differential genes that are 
highly related to let-7b-5p, we used the STRING 
database and Cytoscape to construct the protein-
protein interaction network, and screened out the top 
10 key genes with the most obvious difference, as 
shown in Figure 3, which are CXCL8, GNG4, GNG2, 
HTR1A, SDC2, APOB, DRD2, CCL13, ACKR3, 
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and TAS2R7, respectively. The results showed that 
CXCL8 and SDC2 proteins are closely related to 
other proteins.

Figure 3. The diagram of protein-protein interaction network of key 
genes (The darker the color, the higher the ranking)

3  Discussion

Micro RNA is a type of non-coding single-stranded 
RNA molecules that is relatively conserved in 
evolution.Mature miRNA and Argonaute protein form 
an RNA-induced silencing complex, and can perform 
specific binding with the principle of complementary 
base pairing with the 3'or 5'end of the non-coding 
region of the target gene, and silence the target 
gene by inducing degradation of the target gene or 
inhibiting its translation, which indicates that miRNA 
can directly and accurately manage the expression of 
genes and function changes in cells[6]. Studies have 
shown that there are many types of miRNA target 
proteins, which play an important role in the process 
of cell proliferation, apoptosis, metabolism, and 
differentiation[6-8]. At present, miRNA has become 
a hot issue in the global field of tumor biology, as 
it plays an important role in the regulation of CCA. 
MiRNA with imbalanced expression can be detected 
in the tissues, blood, urine and bile of patients with 
CCA, which can be used as biological targets for the 
early diagnosis of cholangiocarcinoma.

The Let-7 gene cluster is a large family of 
miRNAs.They can maintain cell homeostasis and 
target oncogenes as well as other genes at the same 
time. In many types of human tumors, it can inhibit 
or interfere with the expression of downstream 
oncogenes to inhibit cancer[9]. 

Let-7b-5p belongs to the let-7, which has also 
been reported to play an important role in regulating 
the cycle and differentiation of cells as a tumor 
suppressor gene in a variety of cancers[4]. In liver 
cancer, SNHG16 promotes the cell cycle transition 
of G2/M by directly acting on the let-7b-5p axis, 
and promotes cell metastasis and EMT progression 
through regulating the let-7b-5p/HMGA2 axis in liver 
cancer[4].In esophageal squamous cell carcinoma, let-
7b-5p can completely target KIAA1377 and directly 
act on KYSE-150 and HeLa cells, and complete the 
regulation of inhibiting the proliferation, migration 
and invasion of cells[5]. However, the function of let-
7b-5p in CCA is not fully understood. Few studies 
have shown that the expression level of Let-7b-5p 
in the plasma of patients with cholangiocarcinoma 
is significantly lower than that in normal patients, 
and there is a certain correlation between let-
7b-5p and characteristics of clinical cases with 
cholangiocarcinoma, which is consistent with our 
previous research that the expression of let-7b-5p 
in cholangiocarcinoma tissues is lower than that of 
normal tissues. The specificity of let-7b-5p plays 
an important role in the cells of all kinds of cancer, 
completing various functions such as the growth, 
differentiation, apoptosis and metabolism of cells, and 
may also affect the proliferation, apoptosis, migration 
and invasion of cells in CCA.

With the development of high-throughput 
sequencing technology and gene chips, the use of 
bioinformatics for deep analysis provides more 
methods for revealing the pathogenesis of human 
diseases and seeking new therapeutic targets. Let-
7b-5p target genes were obtained from the gene 
database, and a total of 10 differentially expressed 
genes were screened for the most significant, namely 
CXCL8, GNG4, GNG2, HTR1A, SDC2, APOB, 
DRD2, CCL13, ACKR3, and TAS2R7. Protein-
protein interaction network suggested that CXCL8 
and SDC2 gene-coded proteins were closely related 
to other proteins, thus playing an important role in 
the pathogenesis of CCA. CXCL8 is a member of 
cysteine-X-cysteine (CXC) chemokines, which is 
a multifunctional chemokine secreted by multiple 
types of cells. A large number of studies have 
proved that the abnormal level of CXCL8 in tumor 
cells promotes the occurrence and development 
of tumors, playing an important role in tumor 
growth, invasion, metastasis, angiogenesis and 
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chemoresistance, activating signal pathways for the 
development of various human cancers[10-11]. Studies 
have found that CAF promotes the proliferation and 
invasion of cells in CCA, and Nintedanib inhibits the 
cancer-promoting effect of CAF by inhibiting CAF 
activation and CXCL8 secretion[12]. As an autocrine 
growth factor, CXCL8 is expressed higher in CCA 
than in normal tissues and is negatively correlated 
with the overall survival rate of patients, whose 
transduction has multiple effects on various types 
of cells in the tumor microenvironment. Targeting 
CXCL8 signal transduction is of great significance 
for delaying the progress of CCA[13]. The expression 
of Syndecan-2 (SDC2) is elevated in a variety of 
cancers, and is associated with progression and poor 
prognosis[14-15]. In addition, the expression of SDC2 is 
highly correlated with the progression and outcome 
of cholangiocarcinoma. It mediates cell adhesion 
and migration through multiple signal pathways 
such as syntenin-1, integrin α2 and RACK1, and 
enhances the synthesis of SDC2 through transforming 
growth factor-β and melanocortin 1 receptors[16]. 
Moreover, SDC2 is a new target of PKM2, which 
plays an important role in the regulation of cell 
migration. Whether CXCL8 and SDC2 can be used as 
therapeutic targets or molecular diagnostic markers of 
CCA still needs further research.

GO enrichment analysis showed it was mainly 
enriched to the biological processes of Small GTPase 
binding, Rho GTPase binding, and Rac GTPase 
binding, which were related to the formation of 
adhesion plaques.Meanwhile, they can regulate 
the cytoskeleton, cell movement, and destroy cell 
polarity by regulating adhesion spots, and play an 
important role in the invasion and metastasis of 
malignant tumors[17-19]. In this study, the enrichment 
analysis of KEGG signaling pathway suggested that 
differentially expressed genes were mainly enriched 
in Focal adhesion (FA) pathway and ECM-receptor 
interaction pathway. (1) In the FA pathway, during 
cell migration, the FA is in a dynamic structure of 
assembly-disaggregation-reassembly. Its polarity 
distribution is consistent with the formation direction 
of lamellar pseudopodia, which requires the 
regulation of microfilament polymerization by Rac 
GTPase[20]. Focal adhesions link actin skeletal fibers 
with ECM, which can transmit extracellular signals to 
the cytoplasm, providing power for cell migration and 
regulating cell adhesion and migration. The turnover 

of FA is a key link in the regulation of cell migration. 
The formation and turnover of FA are closely related 
to the main constituent protein FAK, and play a 
key role in regulating the turnover of FA[21]. The 
FAK signal generated by ECM-induced integrin 
aggregation is closely related to the cytoskeleton 
reorganization during the movement, which in turn 
shows that FAK can regulate cancer cells and promote 
the invasion of cancer celsl[22]. A large number of 
studies have shown that FAK plays an important 
role in the occurrence, development and invasion of 
CCA, especially in the process of tumor invasion, as 
it regulates and mediates cancer signaling pathways. 
CCA not only affects the adhesion and proliferation 
of tumor cells, but also affects their adhesion and 
proliferation, which plays an important part in 
the process of angiogenesis[23]. (2) ECM-receptor 
interaction pathway: Extracellular matrix (ECM) is 
composed of several macromolecules in a complex 
network, which mainly provides basic structural 
support, cell survival and suitable places, and affects 
many biological functions of cells by multiple signal 
pathways. The composition and organization of 
ECM are controlled by time and air conditioning, so 
as to control cell differentiation, but the imbalance 
of ECM dynamics and microenvironment can lead 
to tumors[24]. ECM plays a key role in regulating 
the progress and metastasis of CCA, which actively 
participates in the regulation of the growth, adhesion, 
invasion, migration and metabolic activities, 
especially on invasion and migration. It is mainly 
caused by the interaction between tumor cells and 
ECM specific molecules[25]. These studies support 
the conclusion of our study from many aspects, that 
is, let-7b-5p can regulate downstream target genes 
through Focal adhesion and ECM-receptor interaction 
signal pathways to participate in the occurrence and 
development of CCA.

In conclusion, the paper analyzed the differential 
expression and clinical significance of Let-7b-5p 
by bioinformatics, and constructed the regulatory 
network of Let-7b-5p target genes, analyzed its core 
proteins, then found it participate in the regulation 
of the biological functions of tumor cells in CCA, 
which may play an important role as the tumor 
suppressor gene and biomarker in the occurrence and 
development of cholangiocarcinoma, thus providing 
new directions and theoretical basis for studying 
CCA.
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