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Abstract
Background. Cervical cancer is one of the most common gynecological malignancies, ranking fourth for
both incidence and mortality in women worldwide. Early screening and treatment have signi�cantly
reduced the incidence and mortality of cervical cancer. Many studies have shown that cervical cancer still
presents a high risk of death from recurrence and metastasis. However, due to the complex molecular
mechanisms of tumor progression, the predictive power of traditional clinical information is limited. In
order to improve the survival rate of patients with cervical cancer, establishing an effective molecular
model to assess prognosis of patients and guide clinical treatment are very important.

Results. four-gene signature comprising PLOD2, SPON1, SPP1, RNASEH2A was established to predict
overall survival of cervical cancer. The ROC curve indicated good performance of the four-gene signature
at predicting overall survival in the TCGA dataset. The four-gene signature classify patients into high-risk
and low-risk groups with distinct overall survival. Univariate and multivariate Cox regression revealed that
the four-gene signature was an independent prognostic factor in cervical cancer.

Conclusion. Our study developed a four-gene signature that reliably predict overall survival in cervical
cancer. The �ndings may be bene�cial to individualized clinical treatment and timely follow-up. 

Background:
Cervical cancer (CC) is one of the most common gynecological malignancies, ranking fourth for both
incidence and mortality in women worldwide[1]. Comprehensive treatment such as surgery, radiotherapy
and chemotherapy are currently the main treatment model. The current International Federation of
Gynecology and Obstetrics (FIGO) stage and pathological classi�cation can initially provide us with the
guidance of treatment and judgement for prognosis[2]. However, cancer is a heterogeneous disease, and
its outcomes can differ greatly even for patients with the same clinical characteristics and the same
clinical treatment[3]. It suggested us that current classi�cations and clinicopathologic characteristics are
restricted or limited for prognostication and risk strati�cation. Hence, the identi�cation of new biomarkers
with higher predictive value is an important way to improve the prognosis of CC.

Recently, methods based on RNA-seq and bioinformatics have been developed to identify the key genes
that in�uence the occurrence, progression, diagnosis and prognosis in cancer[4]. Many database-based
analyses have been used to predict the prognosis of cancer patients. For example, the Oncotype DX®
assay, a breast cancer recurrence score based on 21-gene expression, was developed to address the need
for optimizing the selection of adjuvant systemic therapy for patients with estrogen receptor-positive,
lymph node-negative breast cancer[5]. Many major oncology societies and entities, including the
American Society of Clinical Oncology, the National Comprehensive Cancer Network, the European
Society for Medical Oncology, have included Oncotype DX into their breast cancer guidelines[6–10].
Another example is Coloprint, an 18-gene expression signature designed to predict disease relapse in
patients with early-stage colorectal cancer, can effectively predict the development of distant metastasis
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of patients with stage II colon cancer and facilitates the identi�cation of patients who may be safely
managed without chemotherapy[11–13]. In face of a large number of sequencing data, the application of
comprehensive and reliable bioinformatics analysis to identify effective prognostic molecular markers
has indicative signi�cance for the prognosis and treatment of cancer patients.

Here, differentially expressed genes (DEGs) between CC tissues and normal cervix were screened by
integrating three Gene Expression Omnibus (GEO) databases. Subsequently, we used univariate and
Lasso-Cox regression analyses to identify overall survival (OS)-related DEGs in The Cancer Genome Atlas
(TCGA) cohort. According to the gene expression and clinical data, we propose a 4-gene prognostic
signature. Survival analysis and ROC curve were used to test the prediction effectiveness. Multivariate
Cox survival analysis was used to identify the independent prognostic factors of OS and the relevance
between prognostic signature and tumor immunity was investigated to identify its potential in guidance
of immune therapy.

Methods
Data collection

Three GEO datasets, GSE138080, GSE52904, GSE67522 were downloaded from GEO website
(https://www.ncbi.nlm.nih.gov/geo/) via GEOquery package. The RNA-seq data and corresponding
clinical information of CC patients were obtained from TCGA databases (https://portal.gdc.cancer.gov/).
After removing the patients whose survival time was less than 90 days, 259 patients were randomly
assigned to a training set (n = 129) and a testing set (n = 130) for further analysis.

Differentially expressed genes identi�cation

The DEGs were calculated using the limma package. Fold change > 2 and P < 0.05 were set as the cut-
offs to screen for DEGs. Volcano plots and heat maps were performed to display DEGs. The intersecting
DEGs among three datasets were examined using the VennDiagram package.

Functional enrichment analysis

To reveal the functions of the intersecting DEGs, clusterPro�ler package was used for GO enrichment and
KEGG pathway analysis, adjusted P < 0.05 was considered statistically signi�cant.

Construction of prognostic model

To investigate the prognostic value of the DEGs, univariate Cox analysis was performed using survival
package. To explore the prognostic model, Lasso and multivariate Cox regression analyses were
performed to assess the relationship between prognostic DEGs expression and OS. Risk scores of each
patient were acquired based on genes expression multiplied a linear combination of regression coe�cient
obtained from the multivariate Cox regression. Patients were divided into high-risk and low-risk group
according to their medium risk score.

https://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
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Correlation analysis between DEGs signature and immune cells in�ltration

To explore the relationship between prognostic signature and immune cells in�ltration, The Stromal
Score, Immune Score, ESTIMATE Score, and Tumor Purity were analyzed by ESTIMATE algorithm.
(TIMER), a useful resource for comprehensive analysis of tumor in�ltrating immune cells, was employed
to analyze the association between prognostic signature and six types of immune cells (B cells, CD4+ T
cells, CD8+ T cells, dendritic cells, macrophages). The correlation between risk scores and immune
in�ltration was calculated by Pearson correlation.

Gene set enrichment analysis

To analysis the hallmark gene sets of the prognostic signature, GSEA was performed between high-risk
and low-risk phenotype. Hallmark gene sets were downloaded from Molecular Signatures Database
(http://www.gsea-msigdb.org/gsea/msigdb/index.jsp)[33].

Statistical analysis

All statistical analysis of this research was conducted using R software (version 3.6.3). Survival analyses
were carried out using survival package and Log-Rank test was utilized to test. ROC curves were plotted
using survival ROC package. Univariate and multivariate Cox proportional hazards regression analyses
were performed to valuate prognostic value of clinical features and the risk scores. Group comparisons
were undertaken for continuous variables using Mann-Whitney U test. P < 0.05 was considered
statistically signi�cant.

Results

Identi�cation of DEGs
Three datasets of GEO (GSE138080, GSE52904, GSE67522) comprised of 951, 875 and 1048 DEGs were
identi�ed between CC tissues and normal cervix (Supplementary Fig. 1). Among them, 183 DEGs were
present in all three datasets (Fig. 1a).

Functional Enrichment of the DEGs
GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway enrichment
analyses were applied to discover the functions of the 183 intersected DEGs (Fig. 1b-c). The results of GO
analysis revealed that 183 DEGs were associated with DNA replication, cell cycle, chromosomal region,
helicase activity from the categories of biological process, cellular component and molecular function,
respectively. KEGG pathway analysis revealed that the DEGs participated in DNA replication, cell cycle,
mismatch repair, prostate cancer, TNF signaling pathway, bladder cancer, microRNAs in cancer, NF-kappa
B signaling pathway.

http://www.gsea-msigdb.org/gsea/msigdb/index.jsp
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Identi�cation of Survival-Related DEGs and Establishment
of the Four-Gene Prognostic Signature
We randomly divided the TCGA-CESC dataset into training set and testing set. One hundred twenty-nine
patients from the training set were included in subsequent survival analyses. By the use of univariate cox
regression analysis, 8 DEGs were identi�ed to be associated with OS (Fig. 2a). Patients were divided into
high-expressed and low-expressed groups according to the median expression of these survival-related
genes. The corresponding survival analysis for each gene is shown as Supplementary Fig. 2 Lasso-
penalized Cox regression analysis was applied to further reduce the number of DEGs in the selected panel
with best predictive performance based on glmnet package (Fig. 2b-c). After Lasso-penalized Cox
regression analysis, a prognostic signature comprising four genes, including procollagen-lysine,2-
oxoglutarate 5-dioxygenase 2 (PLOD2), spondin1 (SPON1), secreted phosphoprotein 1 (SPP1),
ribonuclease H2 subunit A (RNASEH2A), was developed by multivariate Cox analysis. The risk score was
calculated as follows:

[(0.62218) × Expression value of PLOD2] + [(0.24936) × Expression value of SPON1] + [(0.27333) ×
Expression value of SPP1] + [(− 0.88808) × Expression value of RNASEH2A].

Patients were divided into high-risk and low-risk groups according to median value of risk scores. Kaplan-
Meier survival curves showed that patients in the low-risk group had a longer survival duration compared
to the high-risk group (Fig. 3a). The 1-, 3- and 5-year survival rates were evaluated by risk scores and are
displayed in Fig. 3b, with AUC values of 0.836, 0.806 and 0.823 respectively. Distribution of the risk
scores, survival status and the mRNA expression heat map in the training set are displayed in Fig. 3c-e.
These results demonstrated that the four-gene signature had both high sensitivity and speci�city and can
be used to predict the survival of patients with CC.

Validation of the performance of the four-Gene Signature
The testing set and entire TCGA-CESC dataset were used to validate the robustness of the four-gene
signature respectively. Risk scores were calculated with the formula listed above for each patient.
According to median value, patients were divided into high-risk and low-risk groups. The outcome of the
low-risk group was signi�cantly better than that of the high-risk group (Fig. 4a-b). In the testing set, the
AUCs for 1-, 3-, and 5-year OS predictions were 0.589, 0.626, and 0.710 (Fig. 4c), while in the entire TCGA-
CESC dataset, the AUCs for 1-, 3-, and 5- year OS predictions were 0.680, 0.699, and 0.755, respectively
(Fig. 4d). The distribution of the risk scores, the associated survival data and the mRNA expression heat
map are respectively displayed in Fig. 4e-j. These two datasets effectively demonstrate that the four-gene
signature performs well in predicting OS in patients with CC.

Association between the signature and patients’ survival
outcomes
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The survival curve demonstrated that patients with high-risk were correlated with a trend toward worse
OS outcomes in training, testing, and entire sets. Afterwards, patients were divided into different
subgroups according to clinical characteristics for survival analysis, we found that the risk signature
could predict the OS of subgroup of CC, including patients with G1-G2 grade, G3 grade, M0 stage, N1
stage, T1 stage, T2-T3 stage, FIGO stage I – II, FIGO stage III-IV (Fig. 5a-g). However, there were no
correlation between risk scores and OS in N0 stage, N1 stage (Fig. 5h-i). We further used univariate and
multivariate Cox regression analyses to evaluate prognostic signi�cances of four-gene signature and
various clinicopathologic characteristics. Univariate Cox regression analysis indicated that FIGO stage
and risk scores were correlated with OS of CC patients (Fig. 5j). Subsequent multivariate Cox regression
analysis showed that risk scores was independently associated with OS of CC patients (Fig. 5k). These
results demonstrated that the model was an independent prognostic factor for CC.

Gene Set Enrichment Analysis (GSAE)
To investigate the underlying molecular mechanism of the prognostic signature, GSEA was performed
between high-risk group and low-risk group in 259 patients of the entire set (Fig. 6a, b). In the high-risk
group, the enriched hallmark gene sets were mainly focused on various processes associated with tumor
progression (including epithelial mesenchymal transition, TNFA signaling via NFκB, hypoxia, apoptosis,
in�ammatory response). In the low-risk group, four biological processes signatures including E2F targets,
oxidative phosphorylation, DNA repair and spermatogenesis were enriched.

Correlation between DEGs prognostic signature for CC and
the in�ltration of immune cells
Considering the interaction between tumor and host immune system in�uencing patient prognosis[14],
we used ESTIMATE algorithm to analyze the differences in tumor purity, ESTIMATE scores, immune
scores and stromal scores between high-risk and low-risk patients. As shown in Fig. 6c-e, we found that
ESTIMATE scores and stromal score was higher in high-risk group. Subsequently, we analyzed the
correlation between the prognostic signature and the in�ltration of immune cell subtypes in CC using the
data from Tumor Immune Estimation Resource (TIMER) database. As shown in Fig. 6f-k, the correlation
values of B cells, CD4 + T cells, CD8 + T cells, dendritic, macrophages, neutrophils with risk score were − 
0.087 (P = 0.162), − 0.04 (P = 0.518), − 0.041 (P = 0.510), 0.117 (P = 0.061), 0.120 (P = 0.054) and 0.132 (P 
= 0.034), respectively, suggesting that the in�ltration of neutrophil was signi�cantly positive correlated
with the prognosis of CC.

Discussion:
The malignancy of CC (such as metastasis, recurrence and drug resistance) is a complex and precise
process that requires the abnormal expression of speci�c genes to empower the cancer cells[15, 16].
Therefore, the underlying molecules that in�uence the prognosis of patients with CC may be altered
before detectable clinicopathologic abnormalities occur. It is of signi�cance to screen prognostic
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molecular markers, which is critical to the individualized prevention, treatment and timely follow-up of CC
patients. In our study, we identi�ed a four-gene signature associated with OS in patients with CC by
analyzing the expression pro�les of 259 CC samples from TCGA. This model was an independent
prognostic factor of CC, not related to clinical factors. In addition, we discovered that the risk score was
positively related to the in�ltration of neutrophil.

Existing studies shown that the four genes are closely related to the development of a variety of cancers.
procollagen-lysine,2-oxoglutarate 5-dioxygenase 2 (PLOD2), a key enzyme mediating the formation of
stabilized collagen cross-links[17], was con�rmed to mediate hypoxia-induced cancer metastasis via
collagen modi�cation and ECM remodeling in a variety of cancers, such as sarcoma, breast cancer and
lung cancer[18–21]. Xu et al proved that hypoxia- and TGF-β1-induced PLOD2 expression promotes the
migratory, invasive and adhesive capacities of CC cells by participating in TGF-β1 induced EMT and the
formation of focal adhesions[22]. Secreted phosphoprotein 1 (SPP1), also called as osteopontin (OPN),
plays a role in processes such as immune response, cell adhesion and migration, and tumorigenesis[23].
Several studies have shown that SPP1 is overexpressed in ovarian cancer, gastric, colon, renal, breast,
oesophageal and endometrial cancers[23–25]. Chen et al demonstrated SPP1 was overexpressed in CC
tissues and cell lines and downregulation of SPP1 improved the cisplatin sensitivity of HeLa by inhibiting
the PI3K/Akt signaling pathway[26]. Ribonuclease H2 subunit A (RNASEH2A), a member of the RNase HII
family, participates in DNA replication by mediating removal of lagging-strand Okazaki fragment RNA
primers, and impacts invasiveness and chemoresistance resulting in poor survivability of breast cancer in
ER dependent manner[27]. The expression of RNASEH2A is elevated in gliomas, and it may be involved in
the occurrence of human gliomas by regulating cell proliferation and apoptosis[28]. However, there are
few reports on the role of RNASEH2A in CC. SPON1, an important member of the thrombospondin family,
has been reported to promote metastasis in human osteosarcoma[29]. However, its role in CC has not
been investigated. Given that cancer progression is a process involving multiple molecules, four genes
were statistically integrated, which may assess prognostic risk of patients more accurately.

Previous study has reported that immune in�ltration is vital in response to treatment and prognosis of CC
[30, 31]. In current study, the prognostic signature was identi�ed to have signi�cant correlation with
neutrophils in�ltration. Wisdom, A. J. et found that high levels of neoplastic in�ltrating neutrophils were
associated with poorer OS in CC and inhibition of neutrophils may be one of the mechanisms to improve
the prognosis of patients[32]. Therefore, this model may be used to evaluate the individualized
immunotherapy of CC, but its speci�c mechanism needs further study.

Because the prognosis of CC patients varies widely and there are no effective biomarkers, we are often
cannot predict therapeutic effects of patients. With the development of high-throughput sequencing
technology, molecular research on the occurrence and development of CC has been rapidly developed. We
constructed a gene model that can be used to evaluate the prognosis of patients with CC to guide
postoperative treatment. In addition, our model could also be used to predict neutrophils in�ltration in the
progression of CC. However, the prediction model needs further validation in multicenter, large-scale
clinical trials and prospective studies.
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Conclusion:
In conclusion, by analyzing RNA sequence-based gene expression signatures and clinical data in TCGA
and GEO patients, we developed a four-gene signature prognostic strati�cation system, which can reliably
predict OS in CC and may facilitate individualized treatment and timely follow-up.
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Figure 1

Functional enrichment analysis of the DEGs. a. A total of 183 DEGs were identi�ed after integrated
analysis of three GEO datasets. b. GO Functional enrichment analysis of the DEGs. c. KEGG Functional
enrichment analysis of the DEGs.
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Figure 2

Evaluation of DEGs With Prognostic Value. a. DEGs associated with overall survival using univariate Cox
regression model. b, c. Lasso analysis of the prognostic DEGs in cervical cancer.
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Figure 3

Development of risk score based on the four-gene signature of patients with CC. a. Kaplan-Meier survival
curves of the CC samples based on the four-gene signature in training set. b. AUC of time-dependent ROC
curves veri�ed the prognostic performance of the risk scores. c d, e. Distribution of the risk score and the
associated survival data and mRNA expression heat map in Training Set.
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Figure 4

validation of the four-gene signature in patients with CC in testing set and entire TCGA datasets. a, b.
Kaplan-Meier survival curves of the CC samples based on the four-gene signature in Testing Set and
entire set. c, d. AUC of time-dependent ROC curves veri�ed the prognostic performance of the risk scores.
e, g, i. Distribution of the risk scores and the associated survival data and mRNA expression heat map in
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testing set. f, h, j. Distribution of the risk score and the associated survival data and mRNA expression
heat map in entire TCGA dataset.

Figure 5

Kaplan–Meier survival analysis for the patients divided by each clinical feature. a-i. Kaplan‐Meier plots of
OS between low-risk and high-risk groups based on subgroups according to TNM staging, histological
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grade and FIGO stage. j, k. The univariate (j) and multivariate (k) Cox regression analysis of risk score,
age, TNM stage, grade, disease type.

Figure 6

Correlation of the risk score with in�ltrative immune cells. a, b. GSEA analysis between high and low risk
groups. c, d, e. Boxplots show the immune scores, stromal scores and ESTIMATE scores between high
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and low risk groups. f-k. Correlation between the four-gene prognostic signature for cervical cancer and
the in�ltration of immune cell subtypes.
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