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Introduction
Cervical cancer is the most prevalent kind of gynecological 
malignancy. Cervical malignant tumor incidence and death 
rates are fourth globally, behind only breast, colorectal, and 
lung cancer in females.[1] However, in developing nations, 
cervical cancer comes in second only to breast cancer in 
terms of incidence and death.[2] Cervical cancer is one of the 

cancers that may be avoided by being screened. Cervical cancer 
incidence is decreasing year by year as screening becomes 
conventional. However, since early cervical cancer has no 
signs, many individuals are detected in the middle or late stages 
of the disease.[3] Previous research has linked the development 
of cervical cancer to chronic infection with high‑risk human 
papillomavirus (HPV).[4] High‑risk HPVs infected more than 
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99.7% of cervical cancer patients. The most common forms 
are HPV16 and HPV18 high‑risk sub‑types.[5] High‑risk HPVs 
are responsible for the production of the oncoproteins E6 and 
E7 that target many more cellular factors including p53 and 
pRb. The E6 protein interacts with p53 protein, inducing p53 
degradation and, as a result, interfering with cellular death. 
The E7 protein binds to pRB, inactivating it and changing 
cell cycle regulatory pathways. The E6 and E7 oncoproteins 
collectively have the ability to exert a global change allowing 
infected cells to alter genetically and epigenetically, causing 
cancer cells to progress.[6]

Because the most effective screening tests, the Pap test and 
the HPV test, are extensively utilized in the clinic for cervical 
cancer detection,[7] most individuals may be detected and 
treated at an early stage of cervical cancer development. 
There is currently no operative therapy for advanced or 
recurring cervical cancer.[8,9] Surgical procedures, radiation, 
and platinum‑based adjuvant chemotherapy are the primary 
therapies for cervical cancer. Early‑stage cervical cancer 
is mostly treated surgically, with a 5‑year survival rate of 
88–95%. However, a few treatment options are available 
for patients in the intermediate and advanced phases, and 
the therapeutic efficacy of radiation and chemotherapy is 
inadequate.[10‑12] Consequently, it is essential to identify new 
molecular biomarkers, therapeutic targets, and prognostic 
assessment indices for cervical cancer. The widespread use 
of bioinformatics tools has aided in the development of novel 
cancer biomarkers.[13‑16]

Recent research has focused on identifying differentially 
expressed genes (DEGs) while ignoring the complex networks 
of genes and the clinical symptoms associated with genes.[17] 
However, mounting data shows that the emergence of cervical 
cancer is caused by several aberrantly expressed genes.[18,19] 
Weighted gene co‑expression network analysis (WGCNA), a 
high‑throughput data mining tool, finds essential biological 
modules utilizing high‑throughput gene expression data.[20] 
WGCNA has been widely employed in tumor marker studies 
in recent years. We used DEG expression profiles from the 
Gene Expression Omnibus (GEO) public database to establish 
a co‑expression network to explore HPV‑associated cervical 
cancer progression‑related hub genes. These highlighted hub 
genes may be used to predict cervical cancer patients’ 3‑ and/
or 5‑year survival rates. The potential relevance of these genes 
as biomarkers has to be investigated further, and it may also 
give a theoretical foundation for assessing the prognosis of 
cervical cancer patients.

Materials and Methods
Retrieving microarray data and analysis of DEGs
The GEO database  (www.ncbi.nlm.nih.gov/geo) was used 
to retrieve gene expression profiles of cervical cancer by 
searching for terms such as “cervical cancer” and “HPV” or 
“human papillomavirus.” GSE9750 (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc = GSE9750) and GSE6791 (https://

www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc  =  GSE6791) 
were the most eligible results with a sufficient sample 
size. The datasets are detailed in Table 1. R v4.0.5 (https://
www.r‑project.org/) was used to pre‑process the raw expression 
data. The Robust Multi‑Array Average  (RMA) technique 
in Bioconductor’s affy package  (https://rdrr.io/bioc/affy/
man/rma.html) was used to pre‑process gene expression 
profile data, which included background correction, quantile 
normalization, and summarizing. These two datasets were 
merged, and batch effect removal was performed using the 
ComBat package (https://rdrr.io/bioc/sva/man/ComBat.html). 
To eliminate false positives and keep high expression levels 
of DEGs for downstream analysis, we only kept the expressed 
probes with the criterion of “present (P)” in more than 50% 
of all the samples for the datasets, which was found using 
the mas 5 calls function in the affy package.[21] The Linear 
Models for Microarray Data  (limma) package was used to 
discover DEGs by comparing expression levels across groups. 
The cut‑off criteria for DEGs were P value < 0.05 and | fold 
change (FC)| ≥1.[22]

Pathway enrichment analysis
The KEGG database is used to study the function  and 
applications of biological systems based on genomics 
or molecular information.[23] In this investigation, the 
enrichKEGG functions in the software R package pathfinder 
were used to perform enrichment analysis and pathway 
analysis of the DEGs in order to discover the essential KEGG 
pathways (P < 0.05). The pathfindR program in R software 
was used to identify clustering across pathways based on the 
shared genes.[24]

WGCNA network construction
Gene co‑expression networks were constructed using WGCNA, 
a system biology approach that translates co‑expression data 
into connection weight or topological overlap metrics, in order 
to study the interactions between genes.[20] Co‑expression 
analysis was often used to determine the association between 
gene expression levels. Genes with similar expression patterns 
are related to the same pathway or functional component.[25] 
As a consequence, constructing a gene co‑expression network 
aids in the identification of genes with similar biological 
functions.[26] Three thousand DEGs with the most variance in 
the target datasets were selected for this research and utilized to 
build weighted co‑expression modules in R using the WGCNA 
package. The pickSoftThreshold function was used to evaluate 
the mean connectivity and scale independence of networks 
with varying power levels, which selected as soft thresholding 
power β =4. Using the minModuleSize function, the minimum 
number of genes in each module was considered 30.

Survival analysis
Survival analysis was used to assess the association between 
the expression levels of the hub genes and the prognosis of 
cervical cancer using Gene Expression Profiling Interactive 
Analysis  (GEPIA). It is a database that uses The Cancer 
Genome Atlas (TCGA) data to assess gene survival outcomes. 
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Moreover, the GAPDH gene was utilized to normalize data 
from targeted genes.

Results

Identification of DEGs
This gene expression analysis aimed to find the DEGs with 
the most significant expression changes. 115 DEGs were 
discovered based on the given criteria; P value < 0.05 and | FC| 
≥ 1, detailed in Supplementary Table 1. The top ten genes with 
the most altered expression levels are represented in Table 2. 
Figure 1 depicts a box plot for gene expression‑related data after 
normalization to analyze data distribution as well as a volcano 
plot of DEGs in cervical cancer samples compared to controls.

Pathway enrichment analysis
KEGG pathway analysis showed that six significant 

enrichment pathways existed, including “Cell cycle”, “Viral 
carcinogenesis”, “Autophagy‑animal”, “Epstein‑Barr virus 
infection”, “Human T‑cell leukemia virus 1 infection”, and 
“MicroRNAs in cancer”  [Figure  2a]. Clustering between 
pathways based on shared genes demonstrated notable 
clustering between the cell cycle, human T‑cell leukemia virus 
1 infection, viral carcinogenesis, cellular senescence, P53, and 
foxO signaling pathways [Figure 2b]. The viral carcinogenesis 
pathways of viruses including HBV, HCV, EBV, HPV, HTLV‑1, 
and KSHV are illustrated in Figure 3, and the involvement of 
cell cycle in the HPV carcinogenesis is specified.

Construction of WGCNA and identification of desired 
modules
The WGCNA package was used in this study to build 
co‑expression modules on the GSE9750 and GSE6791 
expression profi les  [Figure 4a] .  Graphs of  scale 

Table 1: Details of cervical cancer microarray datasets

GEO accession Type of samples Sample count Platforms Assessed on Accessible link
GSE9750 Cervix 

epithelium
31 (HPV +)
3 (HPV ‑)

GPL96 (Affymetrix Human 
Genome U133A Array)

February 26, 
2020

https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE9750

GSE6791 Cervix 
epithelium

17 (HPV +)
3 (HPV ‑)

GPL570 (Affymetrix Human 
Genome U133 Plus 2.0 Array)

February 26, 
2020

https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE6791

Figure 1: The boxplot of datasets and DEGs’ volcano plan. Screening for DEGs was done using a P value < 0.05 and | FC| ≥ 1

Table 2: Top ten DEGs in HPV‑associated cervical cancer

Gene name logFC AveExpr t P adj.P B
KRT15 3.393497576 10.75089062 2.832760285 0.006417107 0.87125001 ‑2.795995092
CDH13 ‑2.25219 5.382494 ‑3.77544 0.00039 0.578434 ‑1.29513
SYNGR3 2.114242367 7.419139949 3.67614096 0.000534734 0.640594986 ‑1.463170267
ARMCX1 ‑1.92488 6.132086 ‑3.67404 0.000538 0.640595 ‑1.4667
CYTL1 ‑1.89299 4.244747 ‑3.46308 0.001035 0.695686 ‑1.8169
AQP3 1.755985 9.585711 2.408208 0.019374 0.87125 ‑3.38387
PNMAL1 ‑1.66416996 5.424176411 ‑3.460990132 0.001041616 0.695685945 ‑1.820315347
NAP1L2 ‑1.661284382 4.261195898 ‑4.282099081 7.39E‑05 0.578433778 ‑0.412262713
EHF 1.615501 7.507107 2.609951 0.011615 0.87125 ‑3.11272
ANXA10 ‑1.598568066 5.192918624 ‑2.391315523 0.020198629 0.87125001 ‑3.405863301



Hatefi‑Shogae, et al.: Analysis of human papillomavirus‑associated cervical cancer

4 	 Advanced Biomedical Research | 2024

independence and mean connectivity are given in 
Figure  4b. Thirteen modules were identified, labeled 
with colors, and depicted in the dendrograms provided 
in Figure  4c. The clusters found during the clustering 

process are shown in different colors. There are color levels 
below the dendrogram, with the module displaying the 
integration phase. The gene expression profile’s adjacency 
and correlation matrices were constructed to generate a 

Figure 3: Viral carcinogenesis. The cell cycle involvement in the HPV carcinogenesis is demonstrated in the viral carcinogenesis pathways of different 
viruses

Figure 2: (a) The bubble chart of the KEGG pathway analysis of DEGs. (b) The clustering between the KEGG pathway enrichments based on the 
shared genes

ba
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Figure 4: WGCNA analysis. (a) Sample clustering dendrogram and identification of outliers (the outliers were removed after identification). (b) The 
soft threshold selection. Scale‑free topology fitting index R2 analysis (left) and mean connectivity for various soft threshold powers (right). The left 
panel’s red line indicates that R2 = 4. (c) A clustering diagram of gene modules denoted by distinct colors

c

a

b
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Figure 5: (a) Clinical trait heatmap and sample dendrogram. The sample dendrogram’s threshold value is set at 100 to remove samples with considerable 
variability. (b) Module–trait relationship heatmap. Hierarchical clustering of module eigengenes that represent the clustering analysis’s modules. The 
module is represented by the row, while the column represents the trait. The P values in the box show the correlation and P value. (c) The gene 
significance across the modules. The magenta module showed significant module–trait relationship among the other modules (P value = 4.5e‑37). (d). 
BEX1, CDC45, and FAM107A identified the magenta module gene–gene interaction as the module hub genes

dc

b

a
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topological overlap matrix (TOM), and the TOM type was 
considered as “unsigned”.

Relating consensus modules to cervical cancer and 
identification of hub genes
The tables of module–trait relationships indicated the 
relationship between the clinical traits  (HPV‑positive 
or ‑negative, age, cervical cancer stages, metastasis, and batch 
in Figure 5a) and the consensus modules in each data set. Five 
relationship tables exhibit some degree of similarity. To explain 
further, the magenta module showed significant relations to 
HPV, cervical cancer stage, and metastasis. The magenta 
modules included 22 genes. The magenta module’s hub genes 
were identified, including brain‑expressed X‑linked 1 (BEX1), 
Family with Sequence Similarity 107 Member A (FAM107A), 
and cell division cycle 45 (CDC45) [Figure 5b-d]. In addition, 
the BEX1 and FAM107A expression levels decreased, and the 
CDC45 expression level increased.

Survival analysis
The patient’s overall survival rate and median survival 
time with altered expression of BEX1, FAM107A, and 
CDC45 demonstrated that BEX1  (Logrank P  =  0.01) 
and CDC45  (Logrank P  =  0.00049) are associated 
with poor prognosis and overall survival of cervical 
cancer  (P  <  0.05)  [Figure  6]. GEPIA is able to provide 
predictions on the survival rates of genes by using the RNA‑seq 
data in TCGA.

Discussion
The infection of high‑risk HPV is strongly linked to 
the development and progression of cervical cancer.[4,5] 
Additionally, growing data suggest that many DEGs are 
expressed by cancer cells.[27] In cancer cells, abnormal 
gene expression levels might potentially contribute to the 
dysregulation of cell signaling pathways by either blocking 

or activating the pathways.[28] Additionally, growing data 
suggest that many DEGs are expressed by cancer cells.[29] In 
cancer cells, abnormal gene expression levels might potentially 
contribute to the dysregulation of cell signaling pathways by 
either blocking or activating the pathways.[30] Notably, in the 
present study, 115 DEGs from both datasets are retrieved 
according to the given criterion. KEGG pathway enrichment 
analysis was used further to study these DEGs’ relevance 
in HPV‑associated cervical cancer. “Cell cycle,” “Viral 
carcinogenesis,” “Autophagy‑animal,” “Epstein‑Barr virus 
infection,” “Human T‑cell leukemia virus 1 infection,” and 
“MicroRNAs in cancer” were among the main pathways 
enriched by the majority of the DEGs. As is widely known, 
HPVs propagate by interfering with normal cell cycle 
regulation processes and increasing cell proliferation.[31] HPV 
also causes cell senescence in cervical cancer cells. Continuous 
proliferation and senescence cause DNA damage, resulting in 
neoplastic changes in the cervix.[32,33] Malignant transformation 
is also intricately tied to these processes, and the carcinogenic 
potential of papillomaviruses probably rests in their capacity 
to modify cell cycle checkpoints, resulting in the accumulation 
and propagation of genetic abnormalities.[34] In this regard, 
HPV and EBV are linked to 38% of all virus‑associated 
malignancies.[35] De Lima et  al.’s[36] latest meta‑analysis 
indicated a 29% HPV/EBV co‑infection rate in cervical 
cancer. They also discovered a link between EBV load and 
lesion grade (from CIN 1 to CIN 3 and invasive carcinoma), 
indicating that EBV may have a role in the development and 
progression of cervical cancer. The presence of EBV in the 
cervix may also hasten the integration of the HPV genome 
into the genome of the cervical cell, increasing the genomic 
instability of the infected cervical cells.[37]

Autophagy, a cellular process that removes damaged or 
dysfunctional components, plays a complex role in cervical 
cancer development. On one hand, autophagy functions as a 
defense mechanism by clearing infected cells and preventing 

Figure 6: The relationship between the magenta module hub‑gene expression and the clinical outcome in cervical cancer patients. The lower expression 
of BEX1 (Logrank P = 0.01) and CDC45 (Logrank P = 0.00049) exhibited significantly worse overall survival. The GAPDH gene was utilized to 
normalize data from targeted genes
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malignant transformation. However, autophagy can also 
promote HPV replication and survival, facilitating cancer 
cell progression and drug resistance while suppressing 
immune responses.[38] Of note, HPV infection upregulates 
several autophagy‑related proteins in cervical cancer cells. 
For instance, the E6 and E7 oncoproteins produced by HPV 
infection are known to increase the expression of Beclin1, 
a critical regulator of autophagy initiation.[39] Therefore, 
modulating autophagy may hold promise as a potential 
therapeutic approach for cervical cancer, but it requires careful 
consideration of both its beneficial and harmful effects.[38] 
To clarify, targeting ATG9B and LAMP1, two genes that 
are overexpressed in HPV‑associated cervical cancer, is a 
promising therapeutic strategy. Several inhibitors that block 
the function of these genes are currently being studied as 
potential treatments for HPV‑induced cervical cancer.[40] 
Furthermore, the functions of miRNAs in HPV‑associated 
cervical cancer are well understood.[41] In 2020, Babion 
et al.[42] evaluated the miRNA expression profile linked with 
HPV infection in eight distinct passages of HPV‑transformed 
keratinocytes, reflecting various phases of cell transformation 
produced by HPV infection using micro‑arrays. The most 
typical miRNAs verified by RT‑qPCR were miR‑15b‑5p, 
miR‑100‑5p, miR‑103a‑3p, and miR‑125b‑5p, which were all 
shown to be elevated, whereas only miR‑221‑5p was found 
to be down‑regulated. Another research linked the severity 
of HPV‑16‑infected women’s intra‑epithelial lesions to the 
expression of four miRNAs including miR‑16, miR‑21, 
miR‑34a, and miR‑143. Remarkably, compared to the 
HPV‑negative group, miR‑21 expression rose dramatically, 
while miR‑143 expression declined.[43] It should be noted 
that the clustering between the crucial pathways based on the 
shared genes indicates that most of the genes are similar, which 
points to the significance of these DEGs in HPV‑associated 
cervical cancer.

WGCNA is a co‑expression network technique that is 
commonly utilized in cancer marker research. Although prior 
research studies used WGCNA to identify numerous prognostic 
indicators in cervical cancer, they primarily focused on DEGs 
across groups (HPV‑positive and HPV‑negative).[17] Despite 
this, the clinical profile of patients has not been considered. 
Furthermore, we investigated clinical indications that may be 
associated with cervical cancer patients. As a result, in this 
work, we first screened DEGs between normal and tumor 
tissues and then performed WGCNA while taking five clinical/
technical aspects of the cervical cancer patient samples into 
account, including HPV positivity or negativity, age, cervical 
cancer stage, metastasis, and batch. Finally, a total of 13 
modules were associated with these clinical traits. The magenta 
module is significantly related to HPV, cervical cancer stage, 
and metastasis. Only after a long‑term infection may HPV 
cause low‑  and/or high‑grade  CIN, which can progress to 
cervical cancer.[44‑46] The most frequent high‑risk HPV strains 
are HPV16 and HPV18, which cause around 70% of cervical 
malignancies (50% HPV16, 20% HPV18).[47,48] Furthermore, 

Okonogi et al.[49] discovered that HPV genotype influenced 
the 5‑year distant metastatic risk in cervical cancer, although 
research on HPV and cervical cancer metastasis is restricted.

On the other hand, the magenta module’s hub genes were 
identified, including BEX1, FAM107A with decreased 
expression, and CDC45 with increased expression. FAM107A, 
commonly referred to as down‑regulated renal cell carcinoma 
gene 1 (DRR1), was identified by Tohoku University cDNA 
clone A on chromosome 3  (TU3A).[50,51] FAM107A is a 
protein‑coding gene that produces a nuclear protein composed 
of 144 amino acids and a coiled‑coil domain. As a result, 
through interacting with DNA and/or other proteins, FAM107A 
may influence gene expression. The expression of FAM107A 
is decreased in a number of different cancers, including 
neuroblastoma,[50] renal cell carcinoma,[51] lung cancer,[52] and 
laryngeal tumors. Furthermore, FAM107A has an important 
role in promoting tumor cell proliferation.[53] In this regard, 
our results demonstrated that FAM107A expression levels 
also decreased in cervical cancer, although FAM107A survival 
analysis results were not associated with any significant 
outcome.

In addition, the overall survival rate and median survival 
time of the patients with altered expression of BEX1 and 
CDC45 demonstrated that BEX1  (Logrank P  =  0.01) 
and CDC45  (Logrank P  =  0.00049) are associated with 
poor prognosis and overall survival of cervical cancer 
patients  (P  <  0.05). The human BEX family proteins are 
essential proteins in neuronal development and comprise 
five proteins  (BEX1‑5).[54] The first indication of BEX1, an 
intra‑cellular signal transducer or regulator, was a reduction 
in expression in retinoic acid‑treated F9 teratoma cells. BEX1 
has a role in axon regeneration,[55] and it also interacts with the 
p75 neurotrophing receptor (NTR) and helps to regulate the cell 
cycle.[56] Previous research has shown that proteins belonging 
to the BEX family are linked to a variety of different human 
cancers. Over‑expression of BEX1 in breast cancer leads to a 
suppression of tumor cell apoptosis.[57,58] Additionally, it has 
been shown that the level of BEX1 mRNA is elevated during 
the process of hepatocyte dedifferentiation. BEX1 is regarded 
as a marker for the processes of hepatocyte differentiation 
and dedifferentiation as well as tumor development.[59] 
BEX1 expression in hepatocellular carcinoma cell lines was 
substantially higher than in normal hepatocyte cell lines, 
enhancing cell proliferation.[60] Additionally, BEX1 serves 
as a  chemotherapy resistance marker.[61] It has been shown 
that over‑expressed BEX1 has a role in the development of 
neuroendocrine‑specific malignancies.[62] Conversely, the 
expression of BEX1 was inhibited in malignant glioma, 
both in glioma cell lines and in primary patient samples.[63] 
Therefore, BEX1 may regulate the biological processes of 
neoplasms in two distinct ways.

On the other hand, CDC45 is one of the proteins that are 
necessary for the initiation, development, and regulation of the 
DNA replication process. It has been discovered that CDC45, 
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mini‑chromosome maintenance protein complex  (MCM), 
and Go‑Ichi‑Ni‑San  (GINS) create a “super complex” that 
is the major component of eukaryotic replicons and contains 
helicase activity.[64] Throughout the DNA replication process, 
it attaches to DNA molecules and unfolds double‑stranded 
DNA to generate a replication fork formation.[65] According 
to earlier research, CDC45 may be an antigen involved in 
the proliferation process and may also contribute to the 
advancement of malignant tumors.[66] Furthermore, studies 
have discovered that CDC45 is one of the myc gene’s 
target genes, and that it plays a key role in myc‑dependent 
DNA replication stress as well as regulating the replication 
origin activation rate.[67,68] In particular, the “recapitulates all 
c‑myc‑induced replication and damage phenotypes” may be 
seen as a result of the over‑expression of CDC45.[69] These 
considerations indicate a significant function for CDC45 
in carcinogenesis. In this regard, He et  al.[70] revealed that 
CDC45 expression increased and may be a possible biomarker 
related to cervical cancer prognosis. Similarly, our results 
demonstrated over‑expression of CDC45 in cervical cancer, 
and based on the survival analysis, CDC45 was identified as 
a prognostic factor in cervical cancer.

Limitations
Our study has two limitations: It exclusively examines 
publicly available databases, which might not provide a 
thorough comprehension of the subject of investigation and 
lacks direct experimental validation, potentially impacting the 
generalizability and applicability of the results. Nevertheless, 
the study still offers valuable perspectives by utilizing 
the abundance of data in publicly available databases. 
This methodology allows for the exploration of extensive 
datasets and the detection of intricate patterns that are not 
readily noticeable through smaller experiments. To point 
out, bioinformatics analyses offer a comprehensive and 
impartial perspective on the molecular alterations associated 
with cancer, generating large‑scale datasets and enabling 
the identification of complex patterns and connections that 
may not be readily discerned through traditional laboratory 
experiments alone. Traditional laboratory experiments can 
be labor‑intensive and expensive and require specialized 
equipment. However, bioinformatics analyses leverage openly 
available datasets and software, making it more accessible 
and cost‑effective. Furthermore, the ability to efficiently 
analyze extensive datasets and conduct intricate statistical 
analyses using bioinformatics tools allows for the rapid 
discovery of novel perspectives and hypotheses, thereby 
facilitating advancements in cancer research. Considering 
the potential importance of the detected hub genes, we 
recommend conducting additional in‑depth wet lab research 
to determine their impact on biological mechanisms of 
papillomavirus‑associated cervical cancer. We foresee that 
ongoing research in this field will provide valuable knowledge 
about the fundamental mechanisms of cervical cancer and 
guide future approaches to effective treatment.

Conclusion
In conclusion, the innovation of our work lies in the 
identification of essential genes associated with the multi‑step 
process of cervical carcinogenesis. To enumerate, we identified 
the DEGs related to HPV‑associated cervical cancer. We 
enriched the DEGs to discover the pathways these genes 
potentially affected. Notably, pathway clustering revealed the 
pathways with the highest shared DEGs, which are beneficial 
trajectories in HPV‑associated cervical cancer. The magenta 
module had the most robust relationship with cervical cancer 
phenotypes, according to the WGCNA study. In addition, the 
potential of BEX1 and CDC45 magenta module hub genes 
as the prognostic factors in cervical cancer was identified, 
and their direct relationship with the patient’s survival was 
assessed.
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Table S1: 115 DEGs of HPV-associated cervical cancer

ID logFC AveExpr t P adj. P B
AIM1 1.074147 10.08248 3.383018 0.001319 0.706486 -1.94717
ALDH3B2 1.006923 5.821987 2.33709 0.023063 0.87125 -3.47567
AMIGO2 -1.38945 7.740644 -2.10873 0.039488 0.88331 -3.75621
ANXA10 -1.59857 5.192919 -2.39132 0.020199 0.87125 -3.40586
APOBEC3B 1.398207 8.45479 2.41551 0.019027 0.87125 -3.37433
AQP3 1.755985 9.585711 2.408208 0.019374 0.87125 -3.38387
ARMCX1 -1.92488 6.132086 -3.67404 0.000538 0.640595 -1.4667
ASXL3 -1.00309 4.591111 -2.54656 0.013677 0.87125 -3.19959
ATP1A2 -1.14959 4.149151 -3.4149 0.001198 0.695686 -1.89547
BCHE -1.1053 4.208793 -3.00107 0.004023 0.844751 -2.54577
BEX1 -1.13167 6.00612 -3.29307 0.001727 0.706486 -2.09167
BEX4 -1.36963 6.65742 -2.44166 0.017829 0.87125 -3.33999
C3 -1.52869 9.064344 -2.29758 0.025373 0.87125 -3.52578
CCNA1 -1.19489 5.692084 -2.51792 0.014714 0.87125 -3.23833
CCND1 -1.38661 6.630506 -3.09651 0.003066 0.804842 -2.4
CCND2 -1.16669 6.579516 -3.08106 0.003205 0.804842 -2.42378
CD52 1.351236 7.035058 2.428877 0.018406 0.87125 -3.35682
CD79B 1.006829 4.821491 2.592419 0.012155 0.87125 -3.13689
CDC45 1.093732 7.082903 2.228024 0.029943 0.87125 -3.61242
CDCA8 1.138421 8.467276 2.497577 0.015493 0.87125 -3.26567
CDH13 -2.25219 5.382494 -3.77544 0.00039 0.578434 -1.29513
CDKN2B 1.091656 4.150298 2.063349 0.043762 0.88331 -3.80926
CDKN2C 1.259212 7.974064 3.071874 0.003291 0.804842 -2.43789
CEACAM5 1.185924 7.892701 2.549555 0.013573 0.87125 -3.19551
CEP295 -1.07113 4.408704 -2.36846 0.021365 0.87125 -3.43544
CHRDL1 -1.35573 5.363282 -3.82081 0.000338 0.578434 -1.21774
CLU -1.07226 6.895433 -2.02432 0.047753 0.88331 -3.85415
COL2A1 -1.14713 4.480598 -2.87604 0.0057 0.87125 -2.73252
CYTL1 -1.89299 4.244747 -3.46308 0.001035 0.695686 -1.8169
DACH1 -1.05512 4.149112 -2.60926 0.011636 0.87125 -3.11367
DLK1 -1.05369 5.019635 -2.14875 0.036025 0.88331 -3.70866
DUSP6 -1.37543 7.737265 -2.39 0.020264 0.87125 -3.40757
EHF 1.615501 7.507107 2.609951 0.011615 0.87125 -3.11272
ELF3 1.038059 9.172477 2.525663 0.014427 0.87125 -3.22789
EPHX3 1.597598 7.869302 2.202898 0.031765 0.87125 -3.64322
EYA2 1.26469 8.176101 2.022669 0.047928 0.88331 -3.85604
FAM107A -1.15944 5.321467 -2.85984 0.005959 0.87125 -2.75634
FAM110B -1.2604 4.2267 -2.96933 0.004399 0.844751 -2.59364
FAM169A -1.4121 4.19548 -2.93513 0.00484 0.844751 -2.64487
FBN2 -1.15807 5.420929 -2.47202 0.016524 0.87125 -3.29979
FBXO17 -1.09667 4.51723 -2.75102 0.008004 0.87125 -2.91419
FRRS1L -1.36822 4.127011 -2.93697 0.004815 0.844751 -2.64213
FST -1.22107 7.711789 -2.15706 0.03534 0.88331 -3.6987
FZD2 -1.47099 6.0517 -3.12187 0.002851 0.804842 -2.36083
FZD7 -1.15485 6.444111 -2.32134 0.023961 0.87125 -3.49572
GPM6A -1.13367 3.646323 -3.5533 0.000784 0.641834 -1.66831
GPSM2 1.045921 8.368603 2.286384 0.026064 0.87125 -3.53987
GPX3 -1.45925 8.096977 -2.48057 0.016172 0.87125 -3.28841
GRIA2 -1.10894 2.988487 -3.25996 0.001905 0.733597 -2.14434
GSPT2 -1.18578 5.777751 -2.27699 0.026657 0.87125 -3.55164
HIST1H2AE -1.24883 5.635479 -2.18265 0.033303 0.876958 -3.66784
HOXD4 -1.15666 6.815015 -2.63989 0.010743 0.87125 -3.07118
HTRA1 -1.07633 9.549259 -2.57679 0.012655 0.87125 -3.15834
IGSF1 -1.35355 5.846481 -3.19132 0.00233 0.780056 -2.2526
IL13RA2 -1.16048 4.367197 -2.11924 0.038551 0.88331 -3.74378
IRS1 -1.04375 7.291966 -2.08478 0.041696 0.88331 -3.78432
IRS2 -1.32124 8.360021 -2.61873 0.011353 0.87125 -3.10057
ISG20 1.155749 8.134214 2.161854 0.034951 0.88331 -3.69294

Contd...
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ID logFC AveExpr t P adj. P B
JMJD7 1.314984 6.568228 2.133647 0.037299 0.88331 -3.72669
KCNJ16 -1.45414 4.732335 -2.45565 0.017217 0.87125 -3.32152
KCTD12 -1.04039 7.880285 -2.18548 0.033084 0.876731 -3.66441
KRT15 3.393498 10.75089 2.83276 0.006417 0.87125 -2.796
LALBA -1.01379 4.412143 -3.29957 0.001694 0.706486 -2.0813
LDLRAP1 1.177026 8.09425 3.324238 0.001574 0.706486 -2.04183
LIMCH1 -1.07792 6.368078 -2.12239 0.038274 0.88331 -3.74005
LOC100506718 -1.60137 6.335646 -3.11574 0.002901 0.804842 -2.37031
LOC202181 -1.00714 4.734826 -2.243 0.028902 0.87125 -3.59394
MAP3K6 1.386721 7.267793 3.620085 0.000637 0.641834 -1.55717
MCM5 1.130396 8.954143 3.065075 0.003355 0.804842 -2.44831
MCUB 1.008121 8.856067 2.572171 0.012807 0.87125 -3.16467
MFAP4 -1.24451 5.628312 -2.09682 0.040573 0.88331 -3.77022
MIA -1.17683 5.586853 -2.5954 0.012062 0.87125 -3.13279
MIR1908 -1.1676 8.056715 -2.64407 0.010626 0.87125 -3.06535
MPDZ -1.13175 6.572449 -2.64136 0.010702 0.87125 -3.06912
MYO6 1.031134 7.391995 2.496989 0.015516 0.87125 -3.26646
NAALAD2 -1.02197 3.170201 -2.63836 0.010786 0.87125 -3.07331
NAP1L2 -1.66128 4.261196 -4.2821 7.39E-05 0.578434 -0.41226
NID1 -1.13682 6.766553 -2.7194 0.00871 0.87125 -2.9593
NKG7 1.219313 5.607442 2.024425 0.047742 0.88331 -3.85403
NPL 1.292535 7.141271 2.799777 0.007019 0.87125 -2.84396
NPTX2 -1.31017 5.979449 -2.33403 0.023236 0.87125 -3.47958
NR2E1 -1.16637 4.338757 -2.51241 0.014921 0.87125 -3.24576
NUPR1 1.35072 9.18664 2.628094 0.011079 0.87125 -3.08758
P2RX7 1.021708 5.179146 2.170263 0.034276 0.88331 -3.68281
PAX2 -1.02428 5.27348 -2.4817 0.016126 0.87125 -3.28691
PENK -1.06639 5.787454 -2.96105 0.004502 0.844751 -2.60607
PLCB4 -1.10561 4.611086 -2.29125 0.025762 0.87125 -3.53375
PNMAL1 -1.66417 5.424176 -3.46099 0.001042 0.695686 -1.82032
PPP1R1A -1.10314 3.283623 -3.24051 0.002017 0.733597 -2.17515
PTPRM -1.31446 6.918241 -2.67178 0.00988 0.87125 -3.02657
RORA 1.233271 6.41574 2.579971 0.012552 0.87125 -3.15399
S100A8 1.43944 10.38959 2.104987 0.039826 0.88331 -3.76062
SACS -1.01677 5.748076 -2.24233 0.028948 0.87125 -3.59477
SALL1 -1.00707 3.89698 -2.11386 0.039028 0.88331 -3.75015
SCUBE2 -1.05843 5.996673 -2.20842 0.031357 0.87125 -3.63648
SDC1 1.14971 11.08418 2.838021 0.006326 0.87125 -2.78831
SLC16A2 -1.01334 6.537062 -2.33824 0.022999 0.87125 -3.4742
SLC7A11 -1.11539 6.142438 -2.15721 0.035328 0.88331 -3.69852
SOX11 -1.25716 4.247944 -2.95095 0.004631 0.844751 -2.62121
SPARCL1 -1.19946 9.315417 -2.02245 0.047951 0.88331 -3.85628
SPINT1 1.08463 8.7344 3.175115 0.002443 0.780056 -2.27797
SPRY1 -1.20804 7.294399 -3.55942 0.00077 0.641834 -1.65817
SUCLA2 -1.0237 8.146297 -3.15564 0.002585 0.787077 -2.30836
SV2A -1.04655 5.590412 -2.13081 0.037543 0.88331 -3.73006
SYNGR3 2.114242 7.41914 3.676141 0.000535 0.640595 -1.46317
TENM1 -1.4867 3.556463 -2.52734 0.014365 0.87125 -3.22562
TFPI2 -1.4007 3.81437 -2.46573 0.016787 0.87125 -3.30815
TRAF2 1.195507 6.904384 3.917692 0.000247 0.578434 -1.05125
TTC9 1.107535 6.316589 2.108041 0.03955 0.88331 -3.75702
TUSC3 -1.34082 6.977978 -2.05167 0.044924 0.88331 -3.82276
VAMP8 1.050173 10.35731 2.583427 0.012441 0.87125 -3.14924
WNT4 1.342326 5.717302 2.039559 0.046159 0.88331 -3.83671
WNT7B 1.217968 5.148196 4.018664 0.000178 0.578434 -0.8761
ZBTB10 -1.18494 4.279242 -2.23941 0.029149 0.87125 -3.59838
ZNF813 -1.00836 4.49645 -2.02646 0.047526 0.88331 -3.85171


