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Abstract
Background:Cervical cancer(CC) is one of the most common malignant tumors in gynecology. Both its
incidence and mortality are high. Despite advances in screening, diagnosis, prevention, and treatment, CC
is still one of the leading causes of cancer-related death in women. However, in the pathogenesis of CC,
the exact molecular mechanism is still unclear. It may be a multi-gene, multi-factor, multi-step, and multi-
stage complex process. Hence, the pathogenesis and molecular mechanism of CC are the keys to
effective treatment of it. In this study, we tried to identify candidate biomarkers for cervical cancer
through weighted gene co-expression network analysis (WGCNA).

Methods: The gene expression pro�le of CESC was downloaded from The Cancer Genome Atlas (TCGA)
database. Differentially expressed genes (DEGs) were analyzed by the Limma package, and the gene co-
expression module was constructed by WGCNA. Use the online website STRING to construct the protein
interaction network of genes in signi�cant modules, and then use Cytoscape analysis to �nd the 10 most
important node degree genes.

Results: Among these 10 genes, SOX9 expression was associated with the prognosis of cervical cancer
patients. Immunohistochemical results from the online website human protein atlas showed that SOX9
protein expression was signi�cantly higher in cervical cancer tissues than in normal cervical tissues. After
collecting cancerous and paracancerous tissue specimens from 16 patients with cervical cancer, Q-PCR
showed that the mRNA expression levels of SOX9 in cervical cancer tissues were signi�cantly greater
than those in normal adjacent tissues.

Conclusions: The elevated expression of SOX9 is signi�cantly related to the disease-free survival and
overall survival of cervical cancer. Therefore, the SOX9 gene could be used as an indicator of cervical
cancer diagnosis and prognosis.

Introduction
Cervical cancer(CC) is one of the most common malignant tumors in gynecology. Its incidence is second
only to breast cancer[1], and it has increased signi�cantly worldwide[2]. Both its incidence and mortality
are high[3]. The global incidence rate was estimated to be 570,000 cases and nearly 311,000 deaths in
2018[4]. In China, CC is also the second most common malignant tumor in gynecology. The incidence
and mortality of cervical cancer in young women are increasing[5]. The pathogenesis of CC is diverse,
including infection with human papillomavirus (HPV), herpes simplex virus type 2 (HSV-2), cervical
thymus (CT), and other bad habits[6]. Although the pathogenesis of CC is complicated, HPV is an
important reason for the development of cervical cancer, which has been widely accepted[7]. CC is also
one of the most preventable cancers[8]. The persistent infection with high-risk HPV is closely related to
the development of CC. So HPV vaccination can effectively prevent it[9]. As a secondary prevention effort,
early screening for CC and precursor lesions can also reduce the incidence and mortality of CC[10].
Despite advances in screening, diagnosis, prevention, and treatment, CC is still one of the leading causes
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of cancer-related death in women[11]. However, in the pathogenesis of CC, the exact molecular
mechanism is still unclear[12]. It may be a multi-gene, multi-factor, multi-step, and multi-stage complex
process.[13]. Hence, the pathogenesis and molecular mechanism of CC are the keys to effective
treatment of it.[14].

In recent years, bioinformatics has been widely used at the genomic level of many cancer types to reveal
the internal mechanisms of tumor progression and canceration [15]. Bioinformatics methods combine
biology, mathematics, and computer science to further promote the molecular mechanism explanation
and discovery of tumor-related diagnostic markers[16]. Gene expression analysis is an important part of
molecular biology research[17]. The identi�cation of differentially expressed genes (DEGs) under different
conditions is an important goal of microarray-based gene expression analysis[18]. Weighted Gene Co-
expression Network Analysis (WGCNA) is a new tool to explore potentially related modules in expression
data[19]. WGCNA recognizes the correlation between genes through microarray samples, so it can detect
clusters of highly related genes (module)[20]. On the other hand, DEGs from the TCGA database are also
used for WGCNA[21]. The Cancer Genome Atlas (TCGA) project is a collaborative initiative to use existing
large-scale genome-wide technologies to better understand cancer[22]. It is a publicly available data set
that provides various types of genomic data[23]. At the same time, it provides detailed clinical
information[24]. Therefore, the TCGA database is widely used in oncology research, providing useful
information for the discovery of new tumor biological indicators and drug targets[25].

In this study, we performed a weighted gene co-expression analysis based on the different analysis
results of the TCGA Cervical squamous cell carcinoma and endocervical adenocarcinoma(CESC) dataset
and tried to �nd key gene in the development of cervical cancer .

Materials And Methods
Data collection

Transcription level data of cervical samples and complete clinical data sets were obtained from TCGA
(https://portal.gdc.cancer.gov/). The study collected a total of 306 CESC RNA sequencing data samples
and survival follow-up time and 3 adjacent normal tissue sequencing data samples. The work�ow is
shown in Figure1.

Screening for differentially expressed genes

The genome-wide transcriptional expression pro�le was obtained from TCGA's RNA-seq Counts data. The
limma[26] software package of R version 3.6.3 (http://www.r-project.org) was used to screen differentially
expressed genes. Log2 (fold change)≥2.00 and false discovery rate (FDR)<0.01 were considered to
indicate DEGs.

Co-expression analysis of DEGs in CESC
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WGCNA analysis is a widely used method in systems biology and is designed for multivariate data (ie
gene expression, DNA methylation, metabolites, etc.)[27]. It can reveal the correlation of genes and look
for signi�cantly related gene modules. In this study, we used the "WGCNA" program package [28,29] to
construct a co-expression network based on the results of the previous differential expression analysis to
analyze potential genes in CC. 

Identi�cation of clinically signi�cant modules

Two methods were used to determine modules related to clinical features. According to the linear
regression between clinical traits and gene expression, the log10 conversion of P value was de�ned as
gene signi�cance (GS), and then the module signi�cance (MS) was calculated using the average value of
all genes in one module. It was usually considered that the module with the largest absolute value of MS
was the module that has the closest relationship with clinical characteristics. Module exigencies (MEs)
were used as the main components of gene modules and clinical traits to determine relevant modules.
Select modules that were highly relevant to a given clinical feature for further analysis.

Protein-Protein Interaction (PPI) Network Establishment and Hub Gene Identi�cation

Use STRING protein database 11.0 (http://string-db.org/) to construct a PPI network based on genes in
signi�cant modules. Next, export and import the results of the string database into the Cytoscape
software [30]. The cytohubba plug-in is used to �nd the Hub genes.

Functional annotation and pathway analysis

To explore the function of genes in signi�cant modules, we used David[31,32] online analysis tool to
perform go and KEGG enrichment analysis on the genes in the signi�cant module. Then downloaded the
enrichment results, and used the R language to map the results.

Hub genes basic expression in normal and cancer tissues

The further veri�cation and survival analysis of these hub genes were performed by using the gene
expression pro�le interactive analysis (GEPIA) database (http://gepia.cancer-pku.cn/index.html; Z.Tang et
al., 2017). We drew the overall survival curve and Disease-Free Survival curve of the hub genes in the
GEPIA database, with a p-value of <0.05. Meanwhile, we use the Human Protein Atlas database
(https://www.proteinatlas.org/) to verify the protein expression of the hub genes.

Tissue collection

From October 2020 to January 2021, 16 samples of cervical squamous cell carcinomas and adjacent
normal tissues were collected from Zhuzhou Hospital a�liated with Xiangya Medical College. All
specimens were assessed by immunohistochemistry and con�rmed by two independent pathologists. At
the same time, fresh tissue specimens of the corresponding patients were collected and stored in an ultra-
low temperature refrigerator for Q-PCR. The study was approved by the Research and Clinical Trial Ethics
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Committee of Zhuzhou Hospital, and all eligible participants provided written informed consent. All
clinical procedures are carried out in compliance with the ethical standards of the "Declaration of
Helsinki" guidelines and relevant Chinese policies.

Validation of hub gene

After obtaining the hub gene through the co-expression network, we veri�ed the hub gene by Quantitative
real-time polymerase chain reaction (Q-PCR). Total RNA was extracted using RNAiso Plus (9109; Takara,
Dalian, China). To obtain cDNA, the Hifair®  1st Strand cDNA Synthesis Kit (11119ES60; Yeasen
Biotechnology, Shanghai, China) was used in 1 μg of total RNA. Use the following system for mRNA
ampli�cation: 85°C for 5 minutes, then 40 cycles (95°C for 10 s, 60°C for 30 s). ACTB was employed as
an internal control for mRNA evaluation. To standardize SOX9 gene expression, ACTB expression levels
were assessed as housekeeping genes and comparative CT(2−ΔCt)methods were used for the analysis.
Table1 show the primers of SOX9 and ACTB

Table1 The primers of SOX9 and ACTB

Primer Sequence 5'-3' Product bp

SOX9-F2 CCCGCTCACAGTACGACTAC  

SOX9-R2 CTGAGCGGGGTTCATGTAGG 113

ACTB-F2 AGACCTGTACGCCAACACAG  

ACTB-R2 CGCTCAGGAGGAGCAATGAT 132

Results
Differential gene expression in TCGA CESC

At the threshold of false discovery rate (FDR)<0.01 and |log2(FC) ≥2, a total of 1265 DEGs were identi�ed
between 306 CESC samples and 3 normal samples. Select all DEGs for subsequent co-expression
network construction. 

Weighted Co-expression Network

Perform a co-expression network analysis using 306 CESC samples in TCGA. Use the "WGCNA" R
package to analyze the previous DEGs. Choose β = 7 (ratio R2 = 0.92) as the soft threshold power (Figure
2A&B). Five modules were identi�ed, the minimum size (genome) of the gene tree diagram was 30, and
the tangent line of the module tree diagram was 0.25.(Figure3)

Identi�cation of Clinically Signi�cant Module
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Combining the relationship between the module traits and the module signi�cance, we �nally determined
that the turquoise module is the most relevant module for tumor diagnosis. The turquoise module has the
highest correlation with the diagnosis level (r = 0.65, p = 3e-38, Figure 4). Therefore, we choose the
turquoise module as the interest module and analyze it.

GO and KEGG Pathway

A total of 384 genes in the turquoise module are enriched in gene ontology (GO) and KEGG pathway
analysis by using the ClusterPro��ler and the org.Hs.eg.db packages.

The biological process of the turquoise module focuses on cell proliferation, cell adhesion, and protein
binding processes(P<0.05). The KEGG pathway of the turquoise module signi�cantly enriches pathways
related to cancer and cell circle(Figure5A,B,C,D).

PPI Network Construction

To identify the hub gene, a protein-protein interaction (PPI) network was constructed. The PPI network is
visualized by Cytoscape. Use the cytohubba application in Cytoscape to estimate the node degree. The
10 most important node degree genes are selected as pivot nodes because they play a vital role in the
progress of CC. The selected genes were CDKN2A, KRT5, SOX2, KRT8, CAV1, EPCAM, FOXA1, KRT14,
ARF6, SOX9. 

Identi�cation of Hub Genes

Among the 10 most important node degree genes, we found that Univariate analysis (P<0.05) showed
that the expression level of SOX9 was signi�cantly related to the OS and PFS of CC patients, Low
expression of SOX9 may lead to higher survival rates and disease-free survival(Figure6A&B). It is worth
noting that in CC tissues, the expression of this gene is signi�cantly higher than that of normal tissues.
As shown in the �gure, in cervical cancer specimens, the protein level of SOX9 is signi�cantly higher than
that of normal tissues in the HPA database(Figure7A&B). In addition, the results of cervical cancer Q-PCR
showed that in cervical cancer tissues, the expression of SOX9 at mRNA levels was higher than that in
adjacent normal tissues(Figure8).

Discussion
In this study, we combined the TCGA databases for differential expression analysis and analyzed the
DEGs by WGCNA. We found that the turquoise module genes are closely related to the diagnosis of
cervical cancer. After analyzing the genes in the module was by PPI network, we used the Cytoscape
software to calculate the results of the PPI network analysis and obtained 10 particularly important
genes. Among them, SOX9 is related to the overall survival rate and disease-free survival of patients with
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cervical cancer, and the overall survival rate and disease-free survival of patients with low expression are
higher than high expression patients.

The o�cial name of SOX9 is SRY-box transcription factor 9, located at 17q24.3. The protein encoded by
the gene recognizes the sequence CCTTGAG with other members of the HMG-BOX DNA binding protein. It
plays a role in the differentiation of chondrocytes and with steroid factor 1 to regulate the transcription of
anti-Mullerian hormone (AMH) genes. Its defects lead to skeletal malformation syndrome and dysplasia,
which is often reversed with sex. SOX9 has many functions. It is part of the nucleus, nucleoplasm,
protein-containing complex, transcription regulator complex, and chromatin. It can enhance DNA-binding
transcription factor activity (RNA polymerase II-speci�c), DNA-binding transcription activator activity (RNA
polymerase II-speci�c), protein binding, DNA-binding transcription factor activity, cis-regulatory region
sequence-speci�c DNA binding, RNA polymerase II cis-regulatory region sequence-speci�c DNA binding,
pre-mRNA intronic binding, beta-catenin binding, sequence-speci�c DNA binding, bHLH transcription
factor binding, protein kinase A catalytic subunit binding, chromatin binding, sequence-speci�c double-
stranded DNA binding. It has also participated in many processes including positive regulation of
epithelial cell proliferation, positive regulation of epithelial cell migration, and positive regulation of cell
population proliferation.[34]

SOX9 plays an important role in many tumor types. For example, pediatric

Pendymoma[35], sporadic pheochromocytoma[36], Solid pseudopapillary tumours (SPT)[37],et al[38–62].
It also plays an important role in the three major gynecological malignancies.

In the studies of ovarian cancer, HK2, which is regulated by the tumor microenvironment, controls the
production of lactic acid and regulates the expression of MMP9/NAONG/SOX9 through the FAK/ERK1/2
signaling pathway, which leads to ovarian cancer metastasis and stem regulation[63]. SOX9 activates
βIII-tubulin expression to enable ovarian cancer cells to survive under hypoxic conditions, and its
abnormal expression is particularly prominent in patients with aggressive OC[64]. As a key super-
enhanced regulatory transcription factor, it plays a key role in acquiring and maintaining the regulation of
chemical resistance in OC[65], SOX9 is highly expressed in OC cell lines, and overexpression of SOX9 can
enhance the resistance of ovarian cancer cells to DDP chemical drugs [66]. Down-regulated the
expression of SOX9 through exosomal MicroRNA-30a-5p could reduce the resistance of ovarian cancer
cells to DDP[67]. Compared with high-grade serous ovarian tumor effusions and solid metastases, SOX9
is more expressed in the latter, Univariate (P = 0.04) and multivariate (P = 0.049) analysis, higher SOX9
levels are associated with shorter overall survival rates, and the level of SOX9 mRNA in HGSC efusion
may be a marker of clinically aggressive diseases[68].

In the study of endometrial cancer, Gabriel Gonzalez et al. found that SOX9 in the uterine epithelium
can induce the development of endometrial hyperplasia. Therefore, SOX9 expression can be the
formation of endometrial cancer[69]. Circ_0109046 up-regulates SOX9 expression through sponging
MiR105, leading to activation of Wnt/β-catenin signaling and EC malignant growth[70]. SOX9
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expression also showed a signi�cant gradual increase from normal to grade 1 to grade 2/3
tumors[71].

SOX9 can enhance the colony-forming activity of squamous cell carcinoma cells[72]. Several studies on
the SOX9 gene in cervical cancer have con�rmed that it plays a role in cervical cancer. Feng et al. found
that the SOX9/miR-130a/ctr1 axis can regulate the chemoresistance of cervical cancer cells to
cisplatin[73]. Liu et al. found that miR-215-3p was signi�cantly lower in cervical cancer tissue than
normal cervical tissue, and SOX9, as a direct target of MiR-215-3P, was negatively correlated with miR-
215-3p. It suggests that the miR-215-3p/SOX9 axis plays an important role in the progression of cervical
cancer[74]. Wu et al. found that the methylation level (methylation score) of the SOX9 gene increased
signi�cantly with the severity of cervical squamous lesions. It suggests that SOX9 methylation is often
involved in cervical cancer, and it can provide valuable molecular biomarkers for the early detection of
cervical cancer[75]. Masuda et al. identi�ed two new loci related to cervical cancer. Among them,
RS140991990: A > G is located at the SOX9 locus, which also suggests the role of SOX9 in the
pathogenesis of cervical cancer[76]. The HPV-16 long control region (LCR) was the most variable region
of the HPV-16 genome and may play an important role in the persistence of the virus and the
development of cervical cancer. In the study of Xi et al., it was found that the HPV-16 long control region
(LCR) G7193T and G7521A mutations in southwestern China accounted for 100% of the total number of
infections, and are expected to be located at the binding sites of FOXA1 and SOX9[77]. All these studies
suggest that the SOX9 gene plays an important role in cervical cancer and maybe a universal target for
multiple cancers.

This study had several limitations. First, the sample size we collected was not large enough, second, in
vitro cellular experiments were not performed to demonstrate the role of SOX9 gene, and third, SOX9, as a
transcription factor, should have downstream targets.

Conclusions
In summary, the high expression of SOX9 is signi�cantly related to the disease-free survival and overall
survival of cervical cancer. The expression of SOX9 was higher than the cancer adjacent normal tissue.
Therefore, the SOX9 gene can be a good indicator of cervical cancer patient prognosis.
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A �owchart for analysis.GO Gene Ontology annotation, KEGG the Kyoto Encyclopedia of Genes and
Genomes pathway enrichment analyses, PPI protein–protein interaction

Figure 2

Determination of soft thresholds and testing of scale-free networks A shows the correlation between log(
K) and log[P( k)] corresponding to different soft thresholds. The higher the coe�cient, the more the
network conforms to the distribution of the scale-free network. B denotes the mean value of gene
neighbor coe�cients in the gene network corresponding to different soft thresholds, which re�ects the
average connectivity level of the network. C distribution of the connectivity of each node in the network; D
The scatter plot of log( K) vs.log[ P( k) ], the linear regression results show that the correlation coe�cient
is 0.92



Page 17/20

Figure 3

Classi�cation of gene clustering trees by dynamic tree cut A total of 5 gene modules were obtained, with
different colors indicating different gene modules.The gray color indicates the genes that do not belong
to any known module.

Figure 4

The relationship between the module traits and the module signi�cance The turquoise module has the
highest correlation with the diagnosis level (r = 0.65, p = 3e-38)
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Figure 5

GO and KEGG pathway analysis A shows BP of GO, B shows CC of GO, C shows MC of GO, D shows the
KEGG pathway of the turquoise module signi�cantly enriches pathways related to cancer and cell circle
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Figure 6

Association between SOX9 gene expression and overall survival, disease-free survival of cervical cancer
patients in TCGA A shows low SOX9 gene expression patient had high over all survive rate(P=0.038) B
shows low SOX9 gene expression patient had high disease-free survival(P=0.049)

Figure 7

SOX9 immunohistochemical images of normal cervical and cervical cancer tissues on the HPA website A
normal cervix, B cervical cancer
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Figure 8

Quantitative RT-PCR for cancer and adjacent normal cervix tissue Quantitative RT-PCR assay showed
signi�cantly increased SOX9 mRNA level in cervical cancer tissues compared with adjacent normal cervix
tissues(p=0.031)


