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Editorial on the Research Topic

Update on diagnostic and prognostic biomarkers for women’s cancers

Women’s cancers, including breast, cervical, ovarian, and uterine cancers, have a

significant impact on global health, resulting in numerous fatalities and imposing substantial

economic burdens on women and their families. As the world population continues to age,

there is an urgent need for international efforts to reduce the incidence and mortality rates

of women’s cancers and improve overall women’s health (Figure 1) (1, 2). The identification

of novel biomarkers linked to molecular subtypes, aggressive characteristics, and prognosis

is indeed crucial for the development of targeted therapies, disease monitoring, and precise

treatment of women’s cancers (3, 4). Advancements in imaging techniques and the utilization

of biochemical biomarkers, such as proteins, DNA, mRNA, and microRNA, hold great

promise as diagnostic and therapeutic tools for these types of cancers (5–8). A collection

of 10 manuscripts focused on diagnostic and prognostic biomarkers for women’s cancers

would provide valuable insights into various aspects of these diseases. By bringing together

expertise from multiple disciplines, researchers can explore different angles and approaches

to advance our understanding of biomarkers in women’s cancers.

In the context of breast cancer, several biomarkers have been extensively studied for

their potential as prognostic indicators (9–13). Hormone receptors, HER2, Ki-67, TP53, and

BRCA1/BRCA2 are among the biomarkers that have been widely adopted for breast cancer

prognosis (14, 15). These biomarkers, when combined with other clinical factors, provide a

comprehensive assessment of prognosis and guide treatment decisions. However, the field of

biomarker research in breast cancer continues to evolve, with ongoing exploration of novel

markers and their prognostic value. The findings of Jin et al. demonstrated that circulating

tumor cells (CTCs) have emerged as a valuable component in non-invasive methods for

diagnosing breast cancer. Studies have shown their potential as diagnostic biomarkers,

but it’s important to consider the limitations and variations in the included studies when

interpreting these findings. Further research and validation are necessary to establish the

clinical utility of CTCs in breast cancer diagnosis. Besides, Jiao et al. found that RAI2 may

play a crucial role in inhibiting the initiation and development of breast cancer. This research

contributes to a better understanding of the molecular mechanisms involving RAI2 and

provides potential biomarkers for predicting the prognosis of patients with breast cancer.
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FIGURE 1

The burden of women’s cancers worldwide based on the GBD 2019 database. (A) The incidence of breast cancer; (B) the incidence of cervical

cancer; (C) the incidence of ovarian cancer; (D) the incidence of uterine cancer. Adapted from Yi et al. (1).
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In the field of gynecological oncology, identifying key

genes or signaling pathways has significant implications for

risk stratification, early detection, personalized medicine, drug

development, and understanding tumor biology (16–18). For

instance, EDN3 and EREG have been identified as potential

biomarkers and therapeutic targets in cervical cancer. The

downregulation and hypermethylation of EDN3 suggest its

involvement in cervical cancer progression, while the upregulation

of EREG is associated with advanced stages of cervical cancer.

Zhu et al. found EDN3 silence in cervical cancer is caused by

methylation. This methylation-mediated silencing can be reversed

by 5-Aza treatment in cervical cancer cells. Furthermore, EDN3

overexpression has the ability to suppress the proliferation, clone

formation, and movement of cervical cancer cells. Li et al. revealed

a significant association between high EREG expression and poor

survival outcomes in patients with cervical cancer. Specifically,

EREG expression was found to be elevated in advanced tumor

stages. Enrichment analysis further demonstrated that EREG was

closely associated with several important oncogenic signaling

pathways. In vitro experiments demonstrated that knocking

down EREG expression limited cell proliferation, promoted cell

apoptosis, and alleviated cisplatin resistance in cervical cancer

cells. Based on these findings, it can be concluded that EREG

functions as a driving factor in cervical cancer progression and

contributes to chemotherapy resistance. These findings provide

insights into potential prognostic biomarkers and avenues for

targeted therapy.

Moreover, Zhou et al. demonstrated that the impact of

different HPV genotypes, multiple infections, and viral load

on cervical precancerous lesions is crucial for guiding early

interventions and preventing the development of cervical cancer.

By considering specific genotypes, assessing multiple infections,

and evaluating viral load, risk stratification can be improved,

leading to appropriate management strategies for individuals

with cervical precancerous lesions. In cervical cancer screening,

the measurement of HPV viral load alone is not sufficient,

and it should be combined with other methods to achieve

maximum sensitivity and specificity. The integration of multiple

detection techniques in early cervical cancer screening is essential.

Therefore, further research is needed to explore the various

factors that may influence the development and progression of

cervical lesions. The comprehensive approach involving HPV

vaccination, combined with advanced screening methods, will

significantly enhance the chances of eradicating cervical cancer

worldwide (19).

Apart frommalignancies, this special issue also includes studies

on benign gynecological tumors, such as uterine fibroids (UFs)

(20). UFs are the most prevalent non-cancerous tumors that affect

women of reproductive age. Traditionally, UF diagnosis has relied

on transvaginal ultrasonography and pathological examination.

However, in recent years, molecular biomarkers have emerged

as promising tools for understanding the origin and progression

of UFs. Cai et al. investigated the potential of DNA-methylated

autophagy as a biomarker for UFs. Through the identification of

key genes and investigation of their functional implications, they

provide clinicians with a comprehensive assessment tool for UFs.

The down-regulation of FOS, validated at both the transcriptional

and protein levels, suggests its potential as a diagnostic biomarker

for UFs. Their findings contribute to the understanding of UF

pathogenesis and may guide future research efforts and clinical

management strategies for this common gynecologic condition.

However, it is notable that the clinical implementation

and validation of biomarkers require rigorous testing in large

patient cohorts. Biomarker discovery is an ongoing process,

and advancements in technologies and research will continue to

contribute to the development of robust prognostic biomarkers for

women’s cancers.

Collectively, this Research Topic encompasses the use

of biochemical biomarkers, gene expression profiling,

and liquid biopsy sampling to enhance the diagnosis,

treatment decision-making, and personalized therapy in

breast, cervical, ovarian, and uterine cancers. By monitoring

these biomarkers over time, clinicians can make informed

decisions about adjusting and optimizing individualized

treatment plans. These advancements hold the potential

to improve patient outcomes, minimize unnecessary

treatments, and facilitate long-term monitoring for

these cancers.
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Cervical cancer (CC) remains one of the leading causes of cancer-related deaths

worldwide. However, cervical cancer is preceded by the pre-malignant cervical

intraepithelial neoplasia (CIN) that can last for up to 20 years before becoming

malignant. Therefore, early screening is the key to prevent the progression of

cervical lesions into invasive cervical cancer and decrease the incidence. The genes,

down-regulated and hypermethylated in cancers, may provide potential drug targets

for cervical cancer. In our current study, using the datasets from Gene Expression

Omnibus (GEO) and the Cancer Genome Atlas (TCGA) databases, we found that

endothelin 3 (EDN3) was downregulated and hypermethylated in cervical squamous

cell carcinoma (CSCC). The further analysis in GSE63514 (n=128) dataset and in our

samples (n=221) found that the expression of EDN3was decreased with the degree of

cervical lesions. Pyrosequencing was performed to evaluate 4 CpG sites of the EDN3

promoter region in our samples (n=469). The data indicated that themethylation level

of EDN3 was increased with the degree of cervical lesions. EDN3 silencing mediated

by methylation can be blocked by 5-Azacytidine (5-Aza), a DNA methyltransferase 1

(DNMT1) inhibitor, treatment in cervical cancer cell lines. Ethynyldeoxyuridine (EdU)

assay, would-healing assay, clone formation assay and transwell assay were

conducted to investigate the biological function of EDN3 in cervical cancer cell

lines. The results of these experiments confirmed that overexpression of EDN3

could inhibit the proliferation, clone formation, migration and invasion of cervical

cancer cells. EDN3may provide potential biomarker and therapeutic target for CSCC.
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EDN3, DNA methylation, cervical cancer, CIN, biomarker
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Introduction

Cervical cancer (CC) is the fourth most common cancer in

women worldwide (1). Approximately 604,127 new cases of cervical

cancer and 341,831 related deaths in 2020 (1). More than 80% of

cervical cancer related death occur in developing countries (1). In

China, 47,739 deaths and 106,430 new cases of cervical cancer have

been recorded, account for 18.7 percent of diagnosis and 15.3 percent

of deaths globally (2). The occurrence and development of cervical

cancer goes through a long pre-cancerous stage, known as cervical

intraepithelial neoplasia (CIN) and graded 1-3 (3). Various risk

factors that induce cervical cancer can cause early epigenetic

changes and lead to abnormal gene expression, thus providing

favorable conditions for the early growth of cervical cancer cells

and contributing to the origin of cancer cells. Therefore, the change of

epigenetics in the early stage of cervical cancer has been extensively

studied (4–7).

DNA methylation is the most extensively studied epigenetic

mechanism that occurs by the addition of methyl groups to specific

DNA bases, typically the cytosine of CpG dinucleotides (8, 9). The

addition of methyl group is catalyzed by a family of enzymes called

DNA methyltransferases (DNMTs) (10, 11). DNA can be methylated

throughout the genome, not only at promoter and CpG-rich regions

but also at intergenic regions (12). The promoter regions of tumor

suppression genes (TSG), DNA repair genes or oncogenes were

frequently hypermethylated in cancers (12, 13). Abnormal

methylation at promoter regions can lead to abnormal gene

transcription, while abnormal levels of overall methylation are

associated with many cancers (14, 15). An increasing number of

studies have demonstrated the DNA methylation of specific genes,

such as TSG, is associated with the pathogenesis of cervical cancer

(16). Hypermethylation of specific TSG reduces the transcriptional

activity of TSG, resulting in a decrease in the mRNA level of the gene’s

transcriptional product and a significant decrease in the subsequent

protein expression level. It indicated that the genes, down-regulated

and hypermethylated in cancers, may provide potential drug targets

for cervical cancer.

In order to find the novel potential genes, we analyzed all the

differentially expressed genes (DEGs) in the GSE7803, GSE9750 and

GSE63514 dataset. We found 67 genes were down-regulated in three

datasets. Additionally, we found the expression of DNA

methyltransferase 1 (DNMT1) was increased in cancer specimens

in three datasets. It suggested that the change of DNA methylation

must play a critical role in the development of CC. Subsequently, we

used DiseaseMeth 2.0 to investigate the methylation levels of 67

down-regulated genes in normal (n=20) and cancer specimens of

cervical squamous cell carcinoma (CSCC) (n=261) (17). The results

showed that one of the investigated genes, endothelin 3(EDN3), is

hypermethylated in CSCC specimens.

EDN3 is one of the endothelin (EDN) family members. There

are three endothelin peptides in this family, the other two peptides

are EDN1 and EDN2 (18). EDN1/2 is highly expressed in a variety

of solid tumors, such as ovarian cancer, breast cancer and bladder

cancer. By binding with Endothelin Receptor A (EDNRA), they can
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activate cell proliferation, stimulate angiogenesis, resist cell

apoptosis and increase the invasion ability of cancer cells (19,

20). Unlike EDN1 and EDN2, the affinity of EDN3 and EDNRA is

very low. Recent studies have demonstrated that EDN3 participate

in cell proliferation, differentiation and metastasis by interacting

with Endothelin Receptor B (EDNRB) (18). In breast cancer,

cervical cancer, colorectal cancer and glioma, the expression of

EDN3 gene is significantly down-regulated, which may be regulated

by epigenetics (21–26). EDN3 methylation levels are high in

cervical cancer patients, and EDN3 methylation may serve as a

molecular marker for cervical cancer (22, 23). However, there is no

report on the role and specific mechanism of EDN3 in cervical

precancerous lesions.

In current study, we firstly detected the expression and the

methylation level of EDN3 in cervical scrapings and cervical cancer

cell lines, including C-33A, SiHa and CaSki cell lines. Secondly, we the

measured the expression of EDN3 after 5-Azacytidine (5-Aza), a

DNMT1 inhibitor, treatment in cervical cancer cell lines to investigate

the effect of methylation on EDN3 expression. After that,

ethynyldeoxyuridine (EdU) assay, would-healing assay, clone

formation assay and transwell assay were conducted to investigate

the biological function of EDN3 in cervical cancer cell lines.
Materials and methods

Differentially expressed genes analysis

A total of three original datasets (GSE7803, GSE9750 and

GSE63514) were downloaded from Gene Expression Omnibus

database (GEO; http://www.ncbi.nlm.nih.gov/geo/). GSE7803

contains 10 normal squamous cervical epitheilia samples and 21

invasive squamous cell carcinomas of the cervix samples (27).

GSE9750 contains 24 normal cervix epithelium samples and 33

cervical cancers samples (28). GSE63514 contains 24 normal cervix

epithelium samples, 14 CIN1, 22 CIN2, 40 CIN3 and 28 cervical

cancers samples (29). Genes with adjusted P<0.05 and log2 FC < −1

(normal vs cancer) were considered as down-regulated DEGs. The

overlapping DEGs were identified using jvenn online tool (http://

jvenn.toulouse.inra.fr/app/index.html) (30). We found 67 genes were

down-regulated in three datasets.
Methylation analysis

The human disease methylation database (DiseaseMeth 2.0, http://

www.bio-bigdata.com/diseasemeth/analyze.html) was used to investigate

the methylation levels of 67 down-regulated genes in normal (n=20) and

cancer specimens of CSCC (n=261) (17). This database is based on the

Cancer Genome Atlas (TCGA) and GEO database. The clinical

characters of patients were obtained from cBioPortal (http://www.

cbioportal.org). We set the technology experimental platform as 450k

(Illumina Infinium HumanMethylation 450 BeadChip), absolute

methylation difference as > 0.2 and P value as < 0.05.
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Clinical samples

Between Jan 2021 and June 2022, cervical scrapings were collected

from Xiangya Hospital of Central South University, the Second

Xiangya Hospital of Central South University, the Third Xiangya

Hospital of Central South University, the First Affiliated Hospital of

Shantou University Medical College, Loudi Central Hospital and

Zhengzhou Central Hospital Affiliated to Zhengzhou University.

This study was undertaken in accordance with the Declaration of

Helsinki, and the protocol was approved by the local ethical

committees where applicable. All patients gave written informed

consent before participation in this study. Exclusion criteria applied

in this study were patients with a history of cervical cancer or

existence of other cancer, cervical related-surgery, vaccinated with

anti-HPV vaccine or pregnancy.

This study included women who had a normal uterine cervix (n

=167), CIN1 (n=49), CIN2 (n=98), CIN3 (n=91) and CSCC (n=64)

diagnosed according to the histologic reports. The final diagnosis was

made by tissue-proven pathology in the CIN1+ test result group.

When the biopsy results revealed CIN3+, the patients underwent

cervical conization or major surgery. Methylation detection tests for

EDN3 were carried out by using residual cervical cells from

cytological tests. Additionally, quantitative real-time PCR (qPCR)

for EDN3 were conducted. Only 60 normal, 29 CIN1, 37 CIN2, 57

CIN3 and 38 CSCC patients had enough residual cervical cells to

isolate high-quality RNA for qPCR.
DNA preparation

The residual cervical scrapings cells were stored in preservation

solution (JIANG SU JIANYOU MEDICAL TECHNOLOGY, CHN)

at −20°C. The residual cervical cells were centrifuged and washed with

phosphate buffer solution (PBS). Genomic DNA (gDNA) was

extracted from the cells using the PureLink Genomic DNA Mini

Kit (Invitrogen, USA). The concentrations of gDNA in each sample

were measured using a BioSpec-nano spectrophotometer (Shimadzu

Corporation, JPN).
Pyrosequencing

After determination of the amount of gDNA, up to 500 ng of

gDNA was subjected to bisulfite conversion using ZYMO EZ DNA

Methylation-Gold Kit (ZYMO RESEARCH, USA). Pyrosequencing

was performed to evaluate 4 CpG sites of the EDN3 promoter region

(NC_000020.10:57875929-57875940, CGGGGCGGCGCG). PyroMark

Assay Design 2.0. were used to design PCR and pyrosequencing

primers. The primers were listed as follows: EDN3-F: 5′-
GTTTGATTTAGGTTTATGGAGT-3′ ; EDN3-R: 5′- AATC

CCCCCCCCTAAATCCTTTT-3′; EDN3-S: 5′- GTGATTTTAGT

AGTAGGTAAG -3′. All the primers were produced by Shanghai

Sangon Biotech Co., Ltd. Bisulfite-treated DNA was then amplified

using TaKaRa Ex Taq (TaKaRa, CHN). The reaction mixture including

13.5 ml of nuclease-free water, 2 mL of 10 × Ex Taq Buffer, 2 mL of

dNTP, 0.4 mL former primer and reverse primer, 0.2 mL of Ex Taq HS
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and 1.5 uL of bisulfite-treated DNA. The PCR product act as a template

in Pyrosequencing reactions, using the PyroMark Q24 instrument

(Qiagen, MD) according to the manufacturer’s recommended

protocol (31). Raw data were analyzed using the Pyromark Q24

analysis software (Qiagen, MD). Pyrosequencing yields a quantitative

result giving the percentage of methylated alleles for each of the 4

investigated CpG sites. The average percentage of methylation across 4

CpG sites were obtained. The average percentage of methylation of each

sample was higher than 10% was regarded as methylation-positive.
Quantitative real-time PCR

Total RNA was isolated from the tissues and cells using RNAiso Plus

(TaKaRa, CHN). One microgram of total RNA was reverse-transcribed

using PrimeScript™ RT reagent Kit (TaKaRa, CHN). The amplification

was performed using the SYBR Green Real-Time PCR Kit (TaKaRa,

CHN) on LightCycler®480 Instrument (Roche, CH). The primers were

listed as follows: EDN3, F:5′-GGGACTGTGAAGAGACTGTGG-3′,
R:5′-AGACACACTCCTTGTCCTTGTA-3′; b-actin, F:5′-GTGGGGC
GCCCCAGGCACCA-3′, R:5′-CTCCTTAATGTCACGCACGATTTC-
3′. All the primers were produced by Shanghai Sangon Biotech Co., Ltd,

Shanghai, China. The qPCR was performed as described (32). Data were

analyzed using the -DCt method and the expression of b-actin was used

as normalization control.
Cell culture and transfection

C-33A (RRID: CVCL_1094), SiHa (RRID: CVCL_0032) and

CaSki (RRID: CVCL_1100) cell lines were obtained from Shanghai

Institute of Biochemistry and Cell Biology of the Chinese Academy of

Sciences. All cell lines were authenticated by Shanghai Biowing

Applied Biotechnology Co. LTD, Shanghai, China. C-33A and SiHa

cells were maintained in Minimum Essential Medium (MEM)

supplemented with 10% FBS. CaSki cells was maintained in 1640

supplemented with 10% fetal bovine serum (FBS) (Gibco, USA). Cells

were cultured in an incubator at 37°C and 5% CO2. All experiments

were performed with mycoplasma-free cells. Full-length human

EDN3 cDNA was synthesized and cloned into pcDNA3.1 vector to

construct the EDN3 overexpression vector (OE-EDN3) (Genechem,

CHN). The empty pcDNA3.1 vector was used as a control. C-33A,

SiHa and CaSki cell lines were seeded onto 6-well plate and

transfected with OE-EDN3 and control vector using Lipofectamine

2000 (Invitrogen, USA) according to the manufacturer’s instructions.

Cells used in the following experiment were transfected with OE-

EDN3 and control vector for 48 hours.
5-Azacytidine treatment

After transfection, C-33A cells were seeded at 2 × 105 cells/well in

6-well plate, while SiHa and CaSki cells were seeded at 1 × 105 cells/

well. After 24 hours later, the culture medium was replaced with fresh

medium containing 5 or 10 mM 5-Aza (Selleck, CHN) or an equal

volume of PBS. The cells were harvested after 24 hours.
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Western blot

Collect the cells from the cell flask into a 1.5 mL EP tube and

added RIPA lysis buffer (Beyotime, CHN). The protein lysate (30 mg)
was subjected to 10% SDS-PAGE and then electrotransferred onto the

polyvinylidene difluoride (PVDF) membrane (Millipore IPVH00010,

Solarbio, CHN). The main antibodies are as follows: b-actin (ab6276,

Abcam, UK), EDN3 (H00001908-M01, Novus Biologicals, USA), the

ratios of them to the primary antibody dilution buffer (Beyotime,

CHN) are 1:10000 and 1:1000. The bands were washed the next day

and the secondary antibodies were incubated for one hour at room

temperature. The ratio of b-actin and EDN3’s secondary antibody

(Proteintech, CHN) to the secondary antibody dilution buffer

(Beyotime, CHN) is 1:10000 and 1:5000. The bands were washed

and soaked in ECL kit (yeasen, CHN) and analyzed by ChemiDoc

XRS + image analyzer (Bio-Rad, USA).
Ethynyldeoxyuridine assay

Transfected C-33A (5000), SiHa (1000) and CaSki (1000) cells were

seeded in 96-well plates. After 24 hours later, cells were pulsed with

EdU and Hoechst (Cell-Light EdU Apollo567 In Vitro Kit, RiboBio,

CHN) according to the manufacturer’s protocol. Coverslips were

mounted on slides and imaged using a Thermofisher EVOS M7000

microscope. Using Image J 1.8.0 (Bethesda, USA) to quantify the

positive EdU cancer cells and calculate the proliferation rate of cells.
Wound-healing assay

Transfected cells were seeded in 6-well plate at 2 × 105 cells/well

(C-33A) or 1 × 105 cells/well (SiHa and CaSki) for 24 hours and

allowed to adhere. The cells were transfected with OE-EDN3 and

control vector as mentioned above. An acellular area was created by a

200 mL pipette tip. Photos were taken with the NIKON ECLIPSE Ts2

Microscope at 0, 48 hours and 96 hours (C-33A, SiHa), at 0, 12 hours

and 24 hours (CaSki). The area of the wound was quantified by

ImageJ 1.8.0 (Bethesda, USA).
Clone formation assay

For clone formation assay, transfected C-33A cells were plated at

10000 cells per well, SiHa and CaSki cells were plated at 5000 cells per

well in 6-well plates and cultured for 7 days. The complete culture

medium was changed every 2 days. After 7 days, clones were fixed in

4% paraformaldehyde (Servicebio, CHN) for 30 minutes and stained

with 1 mL crystal violet (Beyotime, CHN) for 1 hour. Clones

containing > 50 cells were counted by Image J 1.8.0 (Bethesda,

USA) for analysis.
Transwell assay

Transwell migration assay was performed using Corning

Transwell (Corning, USA). Transfected C-33A (1 × 106), SiHa (3 ×
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105) and CaSki (1 × 105) cells were seeded in the upper chambers in

200 mL medium without serum. While the lower chambers were filled

with 600 mL complete medium. After 48-72 hours later, the cells in the

upper chambers were wiped off gently with a cotton swab. The lower

cells were incubated with 600 mL 4% paraformaldehyde (Servicebio,

CHN) for 30 minutes, stained with 600 mL crystal violet (Beyotime,

CHN) for 1 hour and photographed under a microscope, and counted

by Image J 1.8.0 (Bethesda, USA).

Transfected C-33A (2 × 106), SiHa (6 × 105) and CaSki (2 × 105)

cells were seeded in the upper chambers in 200 mL medium without

serum. Invasion assay and analysis were done as mentioned above.

The only difference was that the upper chambers of Corning

Transwell should be coated with 80 mL ice-dissolved matrigel

(Corning, USA) prior to cell invasion assay.
Statistical analysis

All data were expressed as mean ± standard deviation (mean ±

SD). Statistical analyses were performed using SPSS 24.0 or

GraphPad Prism 8 (GraphPad Software, Inc., La Jolla, CA, USA).

Statistical comparisons between two groups were performed using

Student’s t test. The Benjamini & Hochberg (false discovery rate)

method was used to adjust the P-value for multiple testing. All the

other data were analyzed with one-way ANOVA followed by LSD

(equal variances assumed) or Dunnett’s-T3 test (equal variances not

assumed). c2 -testing was used to analyze categorical data. All P-

values were two-sided, and P < 0.05 was considered to indicate

statistical significance.
Results

EDN3 is downregulated and
hypermethylated in CSCC

A total of three original datasets (GSE7803, GSE9750 and

GSE63514) were downloaded from GEO database. Genes with

adjusted P < 0.05 and log2 FC < −1 (normal vs cancer) were down-

regulated DEGs. Then we used an online tool, jvenn (http://jvenn.

toulouse.inra.fr/app/index.html), to find overlapping down-regulated

DEGs in at least two of the GEO datasets (30). We found 67 genes

were down-regulated in three datasets (Figure 1A; Table S1).

Additionally, we found the expression of DNMT1 was increased in

cancer specimens in three datasets (Figures 1B–D). It suggested that

the change of DNA methylation must play a critical role in the

development of CC.

The genes, down-regulated and hypermethylated in cancers, may

provide potential drug targets for cervical cancer. Thus, subsequently,

we used DiseaseMeth 2.0 to investigate the methylation levels of 67

down-regulated genes in normal (n=20) and cancer specimens of

CSCC (n=261) (17). We set the technology experimental platform as

450k (Illumina Infinium HumanMethylation 450 BeadChip),

absolute methylation difference as > 0.2 and P value as < 0.05. The

results showed only two investigate genes are hypermethylated in

CSCC specimens, one of which, named EDN3, had more significant

difference (Figure 1E).
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The expression of EDN3 was decreased with
the degree of cervical lesions, but the
methylation level of EDN3 was increased

To further investigate the expression of EDN3 in cervical

precancerous lesions, we used GSE63514 dataset and analyzed the

expression of EDN3 in different degree of cervical lesions. We found

that the expression of EDN3 was decreased with the degree of cervical

lesions (Figure 1F). Then we measured the expression of EDN3 in our

own samples (n=221), including 60 normal, 29 CIN1, 37 CIN2, 57
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CIN3 and 38 CSCC. The results are consistent with the idea that the

expression of EDN3 was decreased with the degree of cervical

lesions (Figure 1G).

Pyrosequencing was performed to evaluate 4 CpG sites of the

EDN3 promoter region (NC_000020.10:57875929-57875940,

CGGGGCGGCGCG) in our samples (n=469). The average

percentage of methylation across 4 CpG sites were obtained. The

average methylation percentage of each sample was higher than 10%

was regarded as methylation-positive. As shown in Figure 1H, the

methylation level of EDN3 was increased significantly with the degree
A B

D

E F

G H

C

FIGURE 1

The methylation level of EDN3 was increased and positively correlated with the severity of CIN, however, the mRNA expression level of EDN3 was
decreased and show a negative correlation with the severity of CIN. (A) Venn diagram of down-regulated DEGs in GSE7803, GSE9750 and GSE63514.
(B–D) Comparison of DNMT1 expression between cancer and normal tissues. The results show that the increased expression of DNMT1 in CC tissues
compared to normal tissue. (E) EDN3 methylation in CSCC samples compared with that in normal samples was analyzed by the DiseaseMeth version 2.0
database. (F) Data from GSE63514 showed that mRNA expression of EDN3 in CC tissues is lower than in normal and CIN1-2 tissue. (G) The mRNA
expression of EDN3 in our collected scrapings from patients with no CIN lesion (normal), CIN1, CIN2, CIN3 and cancer. (H) Bar chart showing the
positive percent of EDN3 promoter methylation levels in each histologic category. Values are mean ± SD, *P<0.05; **P<0.01; ***P<0.001.
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of cervical lesions, except for the normal group. The positive percent

of EDN3 promoter methylation levels in CIN1, CIN2, CIN3 and

CSCC patients were 0 (0/49), 8.16% (8/98), 45.05% (41/91) and

87.50% (56/64).
EDN3 silencing mediated by methylation
could be blocked by 5-Aza treatment in
cervical cancer cell lines

Firstly, we detected the expression of EDN3 in C-33A, SiHa and

CaSki cell lines. The results revealed that the expression of EDN3 were

at low level in all cervical cancer cells, especially in SiHa and CaSki

cells (Figure 2A). Next, to investigate whether there was a correlation

between EDN3 expression and methylation in cervical cancer cell

l ines, we measured the methylation levels of EDN3 by

pyrosequencing. Results showed that the methylation levels of

EDN3 were at high level in all cervical cancer cells (>10%),

especially in SiHa and CaSki cells (Figure 2B). Collectively, these

data indicated that methylation might mediate silence of EDN3 in

cervical cancer cell lines.

5-Aza is a DNMT1 inhibitor. The cervical cancer cell lines C-

33A, SiHa and CaSki were treated with 5 or 10 mM 5-Aza or an equal

volume of PBS. The expression of EDN3 were measured after 24

hours. The results showed that the expression of EDN3 in three

cervical cancer cells was increased after 10 mM 5-Aza treatment and

was only increased in SiHa and CaSki cells after 5 mM 5-Aza

treatment. There was no significant difference in C-33A cells after

5 mM Aza treatment (Figure 2C). One explanation for this

phenomenon was that the methylation level of EDN3 was

relatively low in C-33A cells. The inhibitor treatment at low

concentration was not enough to cause the significant change of

EDN3 expression in C-33A. All these results indicated that there was

a close correlation between EDN3 expression and methylation in

cervical cancer cell lines. Furthermore, EDN3 silencing mediated by

methylation can be blocked by 5-AZA treatment in cervical cancer

cell lines.
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Overexpression of EDN3 inhibited the
proliferation of C-33A, SiHa and CaSki cells.

To investigate the biological functions of EDN3 in cervical cancer

cell lines, OE-EDN3 vector was constructed. We detected the

expression of EDN3 in C-33A, SiHa and CaSki cells after

transfected OE-EDN3 or vector to verify the transfection efficiency.

As the results shown in Figures 3A, B EDN3 was successfully

overexpressed in all cervical cancer cell lines. Subsequently, EdU

and clone formation assays were conducted to assess the influence of

EDN3 on cervical cancer cell proliferation. As shown in Figures 3C, D

and Figure 4, the proliferation ability and clone formation ability of

cervical cancer cell lines with EDN3 overexpression were found

significantly decreased, compared with the vector, in all three

cell lines.
Overexpression of EDN3 inhibited the
migration and invasion of C-33A, SiHa and
CaSki cells

Subsequently, we investigated that whether there is an influence

of EDN3 on cervical cancer cells migration. The wound-healing assay

indicated that overexpression of EDN3 inhibited the migration in C-

33A (after 4 days), SiHa (after 2 days and 4 days) and CaSki (after 24

hours) cells (Figure 5). Similar results were obtained in a transwell

assay (Figures 6A, B). In addition, the number of invasion cells were

measured after 48 to 72 hours. All these results verified that the

invasion capacities of cervical cancer cells in all three cell lines were

significantly inhibited by overexpression of EDN3 (Figures 6C, D).
Discussion

In this study, using the datasets from GEO and TCGA databases,

we found that EDN3 was downregulated and hypermethylated in

CSCC. The further analysis in GSE63514 dataset and in our own
A B

C

FIGURE 2

EDN3 expression in cervical cancer cells treated with 5-Aza. (A) Expression levels of EDN3 in C-33A, SiHa and CaSki cells. (B) Methylation levels (average
percentage of methylation across 4 CpG sites) of EDN3 in C-33A, SiHa and CaSki cells. (C) The mRNA expression of EDN3 in C-33A, SiHa and CaSki cells
before and after treatment with 5 and 10 mM 5-Aza. Values are mean ± SD, N = 3; *P<0.05; **P<0.01; ***P<0.001.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1010132
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhu et al. 10.3389/fonc.2023.1010132
samples found that the expression of EDN3 was decreased with the

degree of cervical lesions. Pyrosequencing was performed to

evaluate 4 CpG sites of the EDN3 promoter region in our samples,

the data indicated that the methylation level of EDN3 was increased

with the degree of cervical lesions. Subsequently, we found that the

expression of EDN3 was decreased, but the methylation of EDN3

was increased in cervical cancer cell lines. EDN3 silencing mediated

by methylation can be blocked by 5-Aza, a DNMT1 inhibitor,

treatment in cervical cancer cell lines. Using EdU assay, would-

healing assay, clone formation assay and transwell assay, we

confirmed that overexpression of EDN3 could inhibit the
Frontiers in Oncology 0714
proliferation, clone formation, migration and invasion of cervical

cancer cells.

Increasing evidence in the past decade has demonstrated that

DNA methylation in certain genes played a critical role in the

progression of cervical cancer (16, 33). DNA methylation of TSGs

can serve as a mechanism of carcinogenesis (34, 35). Recent studies

demonstrated that many genes, such as ADCYAP1 (36), ASCL1 (36),

ASTN1 (37, 38), ATP10 (36), CADM1 (36), DCC (36), DBC1 (36),

DLX1 (37, 38), EPB41L3 (39), FAM19A4 (40), HS3ST2 (36), ITGA4

(37, 38), JAM3 (39), LHX8 (41), MAL, miR-124 (40), MOS, MYOD1

(36), PAX1 (41–43), RXFP3 (37, 38), SOX1, SOX17 (36),
A

B

DC

FIGURE 3

Overexpression of EDN3 inhibited the proliferation of C-33A, SiHa and CaSki cells. (A) The mRNA expression of EDN3 in C-33A, SiHa and CaSki cells
transfected with OE-EDN3 and vector. (B) The protein expression of EDN3 in C-33A, SiHa and CaSki cells transfected with OE-EDN3 and vector.
(C) Overexpression of EDN3 inhibited the proliferation of C-33A, SiHa and CaSki cells by EdU assay. (D) The proliferation percent after transfection of
OE-EDN3 and vector were measured. Values are mean ± SD, N = 3; *P<0.05; **P<0.01; ***P<0.001.
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A B

FIGURE 4

Overexpression of EDN3 inhibited the clone formation of C-33A, SiHa and CaSki cells. (A) Representative images of clone formation assay using C-33A,
SiHa and CaSki cells transfected with OE-EDN3 or vector. (B) Quantification of clone formation assay is shown. Values are mean ± SD, N = 3; *P<0.05;
***P<0.001.
A B

FIGURE 5

Overexpression of EDN3 inhibited the migration of C-33A, SiHa and CaSki cells by wound healing assay. (A) Representative images of wound healing
assay using C-33A, SiHa and CaSki cells transfected with OE-EDN3 or vector. (B) Quantification of wound healing assay is shown. Values are mean ± SD,
N = 3; *P<0.05; **P<0.01.
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ST6GALNAC5 (41), TMEFF2 (36), ZNF582 (42, 43) and ZNF671 (37,

38) et al, exhibited increased DNA methylation in cervical precancer.

However, most of the research has only focused the early diagnosis

function of these gene in cervical cancer screening. Researchers have

paid little attention to investigate the expression change of most of

these genes in different cervical lesions. Whether there is any

connection between genes methylation level and expression level is

unknow. Additionally, the function of these genes in cancer biology is

relatively unexplored and remains largely unknown.

In our current study, detecting the expression and methylation

level of EDN3 both in clinical samples and cervical cancer cell lines,

we confirmed the expression of EDN3 was decreased, but the

methylation level of EDN3 was increased, with the degree of

cervical lesions. The results in cervical cancer cell lines treated with

5-Aza further confirmed that methylation mediated silencing of

EDN3 in cervical cancer. The genes, down-regulated and
Frontiers in Oncology 0916
hypermethylated in cancers, may provide potential drug targets for

cervical cancer. We used several types of assays in this study to

investigate the function of EDN3 in cancer biology from different

aspects. All results together verified that overexpression of EDN3

could inhibit the proliferation, clone formation, migration and

invasion of cervical cancer cells. It suggested that EDN3 played a

tumor suppressive function in cervical cancer. Collectively, EDN3 is a

potential biomarker and therapeutic target for CSCC. However, in

this study, we only analysis the expression and methylation level of

EDN3 in CSCC samples. Whether there is any association between

EDN3 and cervical adenocarcinoma is still unknown. We should

investigate that in the future research.

Recent studies reported that EDN3 participated in cell

proliferation, differentiation and metastasis in some solid tumors.

In breast cancer, cervical cancer, colorectal cancer, glioma and

papillary thyroid cancer, the expression of EDN3 gene is
A B

DC

FIGURE 6

Overexpression of EDN3 inhibited the migration and invasion of C-33A, SiHa and CaSki cells by transwell assay. (A) Representative images of cell
migration by transwell assay using C-33A, SiHa and CaSki cells transfected with OE-EDN3 or vector. (B) Quantification of cell migration by transwell
assay is shown. Values are mean ± SD, N = 3; *P<0.05; **P<0.01; ***P<0.001. (C) Representative images of cell invasion by transwell assay using C-33A,
SiHa and CaSki cells transfected with OE-EDN3 or vector. (D) Quantification of cell invasion by transwell assay is shown. Values are mean ± SD, N = 3; *,
P<0.05; **, P<0.01; ***, P<0.001.
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significantly down-regulated, which may be regulated by epigenetics

(21, 23–26, 44, 45). EDN3 promotes cell apoptosis and inhibits cell

invasion and migration in malignant glioma cells (21). EDN3 is

hypermethylated and down-regulated in human primary colon

cancer and colon cancer cell lines, and overexpression of EDN3 can

inhibit the invasion and migration of colon cancer cells (26, 46).

Abnormal methylation of EDN3 gene is closely related to breast

cancer, and hypermethylation of this gene can reduce or even silence

its expression in breast cancer tissue. Patients with high expression of

EDN3 have long overall survival and disease-free survival, and EDN3

can be used as a biomarkers for early diagnosis and prognosis of

breast cancer (24, 47). In addition, reduced EDN3 expression was

associated with the progression of papillary thyroid cancer (45).

In our studies we confirmed that methylation mediated silencing

of EDN3 in cervical cancer. And this silencing mediated by

methylation could be blocked by 5-Aza treatment in cervical cancer

cell lines. Overexpression of EDN3 could inhibit the proliferation,

clone formation, migration and invasion of cervical cancer cells.

EDN3 played a tumor suppressive function in cervical cancer.

Based on our findings, EDN3 may serve as a potential biomarker

and therapeutic target for CSCC. The detail mechanism of EDN3

suppression of cervical cancer has not been elucidated in this study

and will be further investigated in our future work.
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1Department of Epidemiology and Biostatistics, School of Public Health, Wuhan University,
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Background: Precise breast cancer–related mortality forecasts are required for

public health program and healthcare service planning. A number of stochastic

model–based approaches for predicting mortality have been developed. The

trends shown by mortality data from various diseases and countries are critical

to the effectiveness of these models. This study illustrates the unconventional

statistical method for estimating and predicting the mortality risk between the

early-onset and screen-age/late-onset breast cancer population in China and

Pakistan using the Lee–Carter model.

Methods: Longitudinal death data for female breast cancer from 1990 to 2019

obtained from the Global Burden of Disease study database were used to compare

statistical approach between early-onset (age group, 25–49 years) and screen-

age/late-onset (age group, 50–84 years) population. We evaluated the model

performance both within (training period, 1990–2010) and outside (test period,

2011–2019) data forecast accuracy using the different error measures and

graphical analysis. Finally, using the Lee–Carter model, we predicted the general

index for the time period (2011 to 2030) and derived corresponding life expectancy

at birth for the female breast cancer population using life tables.

Results: Study findings revealed that the Lee–Carter approach to predict breast

cancer mortality rate outperformed in the screen-age/late-onset compared with

that in the early-onset population in terms of goodness of fit and within and

outside forecast accuracy check. Moreover, the trend in forecast error was

decreasing gradually in the screen-age/late-onset compared with that in the

early-onset breast cancer population in China and Pakistan. Furthermore, we

observed that this approach had provided almost comparable results between

the early-onset and screen-age/late-onset population in forecast accuracy for

more varyingmortality behavior over time like in Pakistan. Both the early-onset and

screen-age/late-onset populations in Pakistan were expected to have an increase

in breast cancer mortality by 2030. whereas, for China, it was expected to decrease

in the early-onset population.

Conclusion: The Lee–Carter model can be used to estimate breast cancer

mortality and so to project future life expectancy at birth, especially in the

screen-age/late-onset population. As a result, it is suggested that this approach

may be useful and convenient for predicting cancer-related mortality even when
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epidemiological and demographic disease data sets are limited. According to

model predictions for breast cancer mortality, improved health facilities for

disease diagnosis, control, and prevention are required to reduce the disease’s

future burden, particularly in less developed countries.
KEYWORDS

breast cancer, Lee-Carter model, forecast accuracy, life expectancy, MAPE
Introduction

Cancer is one of the leading causes of death and disability

worldwide. Breast cancer (BC) is the most common cancer

diagnosed in women and is the first leading cause of cancer-related

mortality in women (1, 2). It develops from a single cell that divides

and multiplies into a lump that can be detected clinically. Its severe

form from cancer’s prolonged development is the metastasis phase

that is the more challenging treated phase (3, 4). The most common

clinical manifestations of BC are a tumorous mass in the breast,

enlarged lymph nodes in the armpits, and distant metastases. Recent

studies have found that chronic inflammation plays a role in the

development and progression of BC, in addition to genetics and the

environment (5–7). Stage at diagnosis has been confirmed as a key

prognostic factor for BC, and the previous study revealed that the

advanced (III) and metastatic stage (IV) are highly associated with

lower survival rates (8). Consequently, addressing healthcare policies

for early diagnosis may reduce the morbidity and mortality of BC.

The burden of BC has been rising faster in low- and middle-

income countries (LMICs) compared with high-income countries in

last three decades due to the lack of healthcare policies. Drafting

public health policy and devising interventions against cancer require

accurate data in LMICs. However, because of insufficient and

demographic and disease registration data in LMICs, statisticians

are unable to evaluate disease consequences. Among the previous

studies on BC mortality predictive models, some studies used simple

models such as the joinpoint model or single-population model (9),

and some have used machine learning algorithms to predict specific

mortality for BC based on specific populations (10), but the

application of dynamic predictions and models for whole

population or age-specific mortality is still lacking. The

introduction of stochastic mortality models provides us an

opportunity to forecast cancer-specific mortality in LMICs. A

number of suitable statistical approaches for mortality prediction

have been proposed, and the performance of these models differs in

various diseases and countries (11–13).

Several efforts have been directed toward finding an appropriate

model for the accurate prediction of age-specific death patterns. In

this regard, various parametric curves (14, 15) were considered to
SVD, singular value

s; GBD, global burden

SMR, age-standardized

average; MAPE, mean
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predict the mortality rate by year. Following these concepts, different

approaches are established to predict mortality rates using stochastic

models (16–19). As part of stochastic mortality models, the Lee–

Carter (LC) method of mortality forecasting has become one of the

most useful tools for forecasting age-specific mortality rates, and it has

been previously employed for this purpose in several works (20–22).

The model posits that variations in mortality trends over time are

governed solely by a single parameter ( kt. )the mortality index. The

mortality forecast is created using this index by selecting an

appropriate time series model (23). LC-based modeling frameworks

are one of the most efficient and transparent methods of modeling

and projecting mortality dynamics (13, 16, 20, 24–29). Moreover, this

model has also been suggested for predicting cause-specific mortality

rate, for instance, BC causes mortality, which follows a smooth

curvilinear and rapid change pattern over time (24).

Most Asian countries are facing an increased BC burden and do

not have sufficient health-related facilities like proper diagnosis,

screening, and treatment. Moreover, because of population aging

and increasing life expectancy, the disease burden has been shifting

from communicable to non-communicable diseases in these

countries. These countries are having similar circumstances related

to population expansion and aging (13). Furthermore, because of the

shortcomings in these countries’ statistical registry systems,

researchers are constantly confronted with the challenge of

insufficient and unsatisfactory demographic and disease registration

data sets to undertake suitable statistical analysis. Given the scarcity of

data and its poor quality, advanced statistical approaches may be

useful in modeling and predicting the mortality patterns in

developing countries, and the LC model is one of the good options

(11, 12).

Age-specific BC incidence curves have been shown to

superimpose two distinct rate curves, one for early-onset BC with a

median age of diagnosis below 50 years and another for late-onset BC

with a median age of diagnosis above 70 years, disproving the long-

held belief that the inflection point in the overall curve occurs around

menopause (30, 31). Therefore, this study investigates the application

of the LC model for BC mortality prediction between early-onset and

age-screen/late-screen female populations in China and Pakistan. In

our study, two age groups of 25–49 years and 50–84 years are

stratified to assess the model applicability, and the early-onset

population was defined as BC occurring in women under the age of

50, whereas the late-onset population was recognized as BC occurring

in women aged 50–84 years. It is proved that early-onset BC has more

aggressive clinicopathological characteristic and worse prognosis

(32), so more specific studies are needed to compare the disparities
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of BC mortality trends between the early-onset and screen-age/late-

onset female population. To the best our knowledge, this is the first

study using advanced statistical methods in evaluating and predicting

the BC-related mortality trends between the early-onset and screen-

age/late-onset population for two developing countries.
Data and methods

The annual mortality rates of the two Asian countries due to BC

from 1990 to 2019 at the early-onset (age category of 25–49 years) and

screen-age/late-onset (age category of 50–84 years) population were

selected to run the application of the LC model. The Institute for

Health Metrics and Evaluation (http://ghdx.healthdata.org/gbd-

results-tool) provided BC mortality data for two Asian countries:

China and Pakistan (33, 34). The availability of data and the sources

are both included in the “Data and materials availability” declaration

at the end of this study. BC mortality rates were calculated using the

ratio of “number of deaths” to “exposure to risk”, which was grouped

in a matrix for the specific age x and time t. We separated the data set

into two parts to study the within-sample and out-of-sample model

performance: training data set (1990–2010) and test data set (2011–

2019). We fitted the) model on the training data set and evaluated the

model performance using within and outside forecast accuracy.

The LC model (16) estimates mortality index kt. utilizing age-

specific death rates. This assessment is made for the early-onset and

screen-age/late-onset female population for China and Pakistan. The

estimated model is evaluated for both goodness of fit and accuracy of

forecast ability. Using the mortality index ( kt. )stimation, BC death

rates and life expectancy may be predicted.
Statistical analysis

Lee–Carter model

The LC model considers a statistical and demographic model that

predicts mortality rates to derive life tables (16). The fundamental

assumption of the model is that there is a linear connection between

the age-specific death rates on logarithm scale ( mx,t). age interval x

and time t. This relationship is described as follows:

mx,t = exp(ax + bxkt + ext),         t = 1, 2,…, n     x = 1, 2,…,w (1)

Equation (1) can be expressed by taking natural logarithm on

both sides as follows:

fx,t = ln (mx,t) = ax + bxkt + ext ,         t = 1, 2,…, n     x = 1, 2,…,w (2)

In Equation (2), mx,t. represents age-specific death rate for the x

age interval and year t, ax. notes the average age-specific mortality, kt
represents the mortality index in the year t, bx. a mortality deviation

caused by changes in the kt. index, ext is the random error, and w. the
start of the last age interval (35).

There are various issues with parameter estimation when the

bilinear term bxkt is present. Lee and Carter used a technique known

as the singular value decomposition (SVD) to partially alleviate these

issues. This method necessitates the assumption that the random
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component is homoscedastic. According to research, the sample’s

variance is not distributed uniformly (36, 37). For instance, when

contrasting the variance between the age ranges of 25–50 years and 50

+ years, this phenomena is very obvious. The greatest likelihood

method is an alternative to the SVD approach. We assume that the

number of deaths is a random variable with a Poisson distribution

while using this estimation technique.

The earlier research demonstrates that mortality modeling can be

done successfully using the LC models. To estimate structural

parameters, one can utilize the greatest likelihood technique.

However, when simulating the number of deaths, additional

distributions in addition to the Poisson distribution should be

utilized. Previous studies have demonstrated that using the negative

binomial distribution can produce positive outcomes when dealing

with heterogeneous populations. In that instance, the LC model

offered better results in terms of goodness of fit (36).

To get an estimate for the values of ax, bx and kt, a system of

simultaneous equations is needed to be solved, which is called the

system’s solutions. Therefore, death rates for various age groups (r)

observed at different points in time (n) produces a system of equations

containing 2r+n unknown variables that correspond to the total of the

r values of ax, r values of bx, n values of kt, and the total number of

equations is r×n. The matrix form of such system of equations can be

represented as below:

D = A + b : k (3)

D is an matrix of the order r×n, and an element Di, j represents the

age-specific death rate (on natural logarithm scale) in the age group i

in year j. A denotes a matrix with of order r×n. For the same year j, the

elements that belong to the same categories are identical: aij=a2j=...arj,

while b represents a vector of order r×1 and k is a vector of order 1×n

A unique solution of equation (3) can be arrived by imposing

following two restrictions: o
w

x=1
bx = 1;              o

n

t=1
kt = 0.

When such restrictions are applied, the ax coefficient represents

mean mortality rate over time. Therefore, the parameter bx and kt are

calculated individually. The coefficients of ax are obtained from the

following equation.

ax =
on

t=1 ln (mx,t)

n
(4)

When the matrix A is computed, the system (3) may be recast as

follows:

D* = D − A = b : k (5)

The aforementioned system offers a unique solution when these

restrictions are met. The SVD technique is used to estimate the b and

k parameters. This technique is used to get the best fit of least squares.

D* can be expressed as the product of two matrices using SVD. The

element (i, j) in D* shows the product of the ith row of B and the jth

row of K, resulting in the following:

mi,j =o
r

l=1

Bi,lK
T
  j,l (6)

As a result, the decomposition yields r terms that exactly match

the D* matrix element. Lee and Carter (16) proposed D* as the

product of the b and k vectors. When employing SVD, these were
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regarded first-order approximations, i.e., D′ can be represented as

follows:

D0 ≈ B1K
T
  1 (7)

Finally, B1=B and K1=K are computed, implying an initial

estimate of the model’s parameters in equation (14).
Re-estimation of kt parameter

In general, the results produced from the model’s initial estimates

do not offer an acceptable match to the observed data. Lee and Carter

(16) and Bell (38) point out that there may be deviations from the

predictions. Therefore, a second step is required to estimate the

parameters. This step utilizes the ax and bx values from

the previous step to get a new estimate of kt reflecting that a total

number of deaths for the given year must be observed. The goal is to

determine kt values, which satisfy the following condition:

Dt = o
w

x=0
Nx,  t  exp(ax + bxkt + ex,  t) (8)

In Equation (8), Dt is the total number of deaths during the

calendar year t. The population in the x age interval in the year t is

denoted by Nx, t and w is the age of the final observed group in

mortality tables (16). The model estimation is carried out using the ilc

package in R programming language (Development Core

Team, 2008).
Age-specific death rate prediction

After obtaining the time series for the kt index as described in

section (2, 3), autoregressive integrated moving average (ARIMA)

model may be used to forecast such an index; then, it is possible to

obtain the death rates for the anticipated years. In the equation, the

predicted values of kn+h e substituted.

m̂ x,  n+h = m̂ x,  n   exp b̂ x(k̂ n+h − k̂ n)
n o

,   h = 1, 2,…   x = 1, 2,…,  w (9)

In Equation (9), n represents the most recent year for which data

are available, h represents the prediction horizon, and x represents the

age group. Equation (9) is used to forecast death rates based on the

most recent death rate. To anticipate death rates, the LC model offered

an approximate prediction interval (16). The interval is calculated using

estimates of bx pameters and standard errors of the kt projections.

PI : mx,t   exp(2bx   sekt)
� �

;   mx,t   exp( − 2bx   sekt)
� �

(10)
Life expectancy at birth

Age-specific life expectancy estimates the average number of years

left in a person’s life, assuming that current mortality rates remain

unchanged. It is computed by considering age-specific death rates

(39). The standard technique of Chiang (40) is used to calculate life

expectancy at birth using projected death rates. The life expectancy at

x, ex., is stated as follows:
Frontiers in Oncology 0422
ex =
Tx

lx
(11)

Tx presents the total number of years that the cohort has lived

during the age interval and subsequent age intervals, and lx denotes

number of individuals alive at the start of the x age interval from

a population of l0 newborn infants. This is generally expressed as

l0 =100,000 (23).
Error measure

The predictive ability of the model was evaluated by mean

absolute percent error (MAPE), using the following formula:

MAPE = (
1
H o

H

h=1

et+hj j)� 100  

where et+h =
actul   value−predicted   value

actual   value , and H denotes the number of

predicted sample size.

To assess the forecast ability of the model, both within-sample

and out-of-sample forecast accuracy were tested. A model is deemed

to be well-fit if it delivers a strong fit within-sample to the historical

data and good out-of-sample forecasts. As a result, out-of-sample

predictive accuracy was investigated to confirm the model’s predictive

accuracy with consistency. The following steps were taken into

account when evaluating forecast accuracy. To begin, we must

select the metric of interest, which includes the anticipated variable.

Forecasted variable measurements could include death rates, life

expectancy, or future survival rates. As this study aims to examine

the feasibility of stochastic mortality model on BC mortality data,

therefore, we focused on BC mortality rates. We forecasted BC

mortality rates from 2011 to 2019 using the fitted model and

calculated life expectancy by comparing forecasts with the

actual values.
Results

Breast cancer mortality behavior

We found that BC mortality has gradually grown with time when

we examined the variations in BC mortality rates related to both age x

and period t. Figure 1 depicts the general patterns in BC mortality

rates from 1990 to 2019 for two countries to investigate this process.

We may also see that death trends are not consistent between ages and

throughout time. In both countries, there is an increasing disparity

among older age groups (>50 years), particularly around the age of

84 years.
Model estimation

To assess the model’s within-sample and out-of-sample

performance, we modified the model by removing the last 9 years

of data from both countries’ data sets. Fitting the stochastic mortality

model (LC) for both the early-onset and screen-age/late-onset

population is the initial stage in the analytical process. Figure 2
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shows the estimated parameters of the LC model for China and

Pakistan for both the early-onset and screen-age/late-onset

population. The model’s percentage of variation (PV) was around

86% and 89% between the early-onset and screen-age/late-onset

population for the China, and 98% for both the early-onset and

screen-age/late-onset population for Pakistan. The variation in PV

between two countries’ data sets is caused by BC mortality patterns

and various data features, as shown in Figure 1. We could show that

the BC mortality rates at older ages were less consistent in Pakistani

data than in China; as a result, the LC model fit the Pakistan data

better and explained the higher PV in the screen-age/late-onset

population than in China.

We can observe that the variance trend ( bx) among screen-age/

late-onset population is gradually increasing with age for both China

and Pakistan, whereas, over time (kt), these mortality differences are

steadily growing after 2000; particularly, these differences were higher

for Pakistan than that for China (Figure 2). Moreover, the fitted BC
Frontiers in Oncology 0523
mortality rates by age and year through the LC model for both the

early-onset and screen-age/late-onset population for China and

Pakistan are depicted in Figure 3.
Model evaluation and forecasting

When the residuals are independent and identically distributed, a

matching fit is seen. To validate this condition, the fitted model’s

residual death rates by age and year were calculated (Figure 4). In the

screen-age/late-onset population, residual death rates by age and years

were predicted to be more consistent. In Pakistan, these errors were

lower than in China. Furthermore, error estimates were produced to

confirm the error disparities across different population models, as

shown in Table 1. By evaluating the error between the early-onset and

screen-age/late-onset population, we noticed that the error measures

for screen-age/late-onset model are smaller than the early-onset model.
FIGURE 2

Model estimation between the early-onset and screen-age/late-onset population for China and Pakistan.
FIGURE 1

Death rates (per 100,000) due to female breast cancer in China and Pakistan, 1990–2019.
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Between China and Pakistan, these errors were lower in the Pakistan’s

data set compared with that in China (Table 1).

Forecasts were calculated in our study on the basis of the

evolution of time parameter ( kt); and errors in age parameters (ax
and bx) were not considered because, according to the literature, the

standard errors of (ax) and (bx) become less significant over forecast

time in comparison to the standard error of parameter ( kt) (16). The

model predicting ability for both the early-onset and screen-age/late-

onset population for China and Pakistan is shown in Figure 5.

Overall, we observe that the prediction error for the screen-age/

late-onset model was lower than that for the early-onset model for

both China and Pakistan. Furthermore, we observed that the LC

approach has provided almost comparable results between the early-

onset and screen-age/late-onset populations in forecasting accuracy

for less invariant mortality behavior over time like in Pakistan

(Figure 5). Moreover, the trend in forecast error (test data set) was
Frontiers in Oncology 0624
gradually decreased in the screen-age/late-onset BC population than

early-onset for both China and Pakistan (Figure 6).

To confirm the out-of-sample forecast accuracy, we also looked at

the mean and variance of life expectancy forecast errors over the

projected period. Table 2 demonstrates the minimum variance of life

expectancy forecast error for both countries’ screen-age/late-onset

populations. Finally, according to the model prediction, the BC

mortality was predicted to increase by 2030 for both the early-onset

and screen-age/late-onset population in Pakistan, whereas, for China,

it was expected to decrease in early-onset population (Figure 7).
Discussion

This study presented the application and evaluation of the LC

model on age-specific BC death rates between the early-onset and
FIGURE 3

Fitted breast cancer mortality rate (log-scale) between the early-onset and screen-age/late-onset population for China and Pakistan.
A B

FIGURE 4

Residuals mortality rates by age and year from the LC model between the early-onset and screen-age/late-onset population in (A) China and (B)
Pakistan.
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screen-age/late-onset female populations in China and Pakistan for

the period 1990–2019. We separated the data set into two parts to

study the within-sample and out-of-sample model performance:

training data set (1990–2010) and test data set (2011–2019). We

test the model on the training data set and assessed its performance

using within and outside forecast accuracy. The index of the level of

BC mortality between the early-onset and screen-age/late-onset

population as well as and shape and sensitivity coefficient by age

were found through this approach. The mortality rates for the period

2020 to 2030 were predicted using the ARIMA model between the

early-onset and screen-age/late-onset in the female population for

each country under study, and it is necessary to highlight that the

period under this study represents the maximum period of data

availability. The LC approach presented in this study provides the

adequate fit on BC mortality data between the early-onset and screen-

age/late-onset female populations for China and Pakistan. However,

there were some differences in forecast accuracy measure between the

early-onset and screen-age/late-onset population, where we have

observed the most accurate fit and strong predictive ability of
Frontiers in Oncology 0725
model for screen-age/late-onset population for both countries. The

reason might be the more smoothing mortality behavior in this

population as compared to the early-onset. In some the previous

studies, the LC approach has been suggested for mortality prediction

among older populations (13).

According to the recent estimation of Global Burden of Disease

GBD, among women, BC caused the most disability-adjusted life

years, deaths, and years lived with disability (41). The differences in

age-specific BC mortality between the early-onset and screen-age/

late-onset female population in China and Pakistan followed a

smooth function with minor observational error. Our findings

showed that BC has a high variance in older age groups, where the

population is lesser, and, among younger age group too, the mortality

rates were low. These findings are consistent with the previous

studies, which revealed considerable variability in rates based on

geography and age group, notably for mortality rates (42, 43). A

related study found a similar pattern in US mortality statistics, where

statisticians discovered that age-specific mortality was higher than

1.0/100,000 for very small populations (44). Stochastic mortality
TABLE 1 Error measures from fitted Lee–Carter model of the early-onset and screen-age/late-onset breast cancer population for China and Pakistan.

China Pakistan

Early-onset Screen-age/late-onset Early-onset Screen-age/late-onset

Averages across ages

MPE 0.01416 0.00135 0.00039 0.00029

MAPE 0.10212 0.02437 0.01891 0.01371

Averages across years

IPE 0.34702 0.02743 0.01139 0.0063

IAPE 2.49338 0.51237 0.54902 0.30285
MPE, mean percent error; MAPE, mean absolute percent error; IPE, integrated percent error; IAPE, integrated absolute percent error.
FIGURE 5

Lee–Carter model predicting ability between the early-onset and screen-age/late-onset population in China and Pakistan.
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models represent forecasting mortality trend based on such data

pattern, and these approaches have been applied in various studies in

different countries for all-cause and cause-specific mortality

prediction (28, 44–46).

The general mortality index (kt) is a time series analysis

representing the variability over time. It shows a declining trend in

BC mortality for the early-onset Chinese population and increasing

trend for the screen-age/late-onset population in both China and

Pakistan. The plausible reasons for the predicted decline in BC

mortality are not yet clear and demand more research. Proper

health infrastructure and therapies availability might explain some

portion of predicted reductions in China among the young

population. This method increases early detection while also

providing efficient treatment. Most women under the age of 50 who

work in cities have access to employer-sponsored services such as

medical exams and free breast ultrasounds once or twice a year.

Previous research has demonstrated that an ultrasound is performed

before to Chinese women’s mammography to prevent and control BC

(47). Mubarik et al. (2020) analyzed the trends and forecasts in BC

mortality and predicted greater BC mortality rates among older

populations in numerous Asian countries, including Pakistan, in

2030 (13). The rising behaviors in the patterns of BC mortality

might be due to lack of BC early screening, diagnosis, and

treatment regime, as compared with developed countries (13). The

proposed model for risk factors and their roles in triggering BC

therapy may be used in future studies to improve healthcare tactics

targeting this disease.
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This study presents the application and evaluation of the Lee and

Carter’s approach for BC mortality prediction. As the LC method

appears to be a method with probabilistic support, this strategy

generates many measurements and outcomes that characterize

current and future patterns in BC mortality. As in many other

countries, the use of this strategy in China and Pakistan produced

better outcomes in terms of least forecast error and diagnostic

measures. It is important to note that the study duration is

significantly shorter than those of Sweden, the United States, and

Chile (16, 35, 48). These three investigations covered time spans of

more than 100 years. The amount of projections that can be generated

is affected by the time period under consideration. Because the LC

model is entirely reliant on historical mortality and population

statistics, it is critical to have solid data over a long period of time.

This demonstrates the significance of obtaining data efficiently and

keeping records up to date in a certain region, country, or sub-

national level.

This study has some strengths. First of all, our study examined the

applicability of the multi-population random mortality models, the LC

dynamic mortality assessment model, in the prediction of BC mortality

in China and Pakistan. The LC model is considered as one of the most

representative dynamic models in the random prediction methods, but,

as far as we know, this is the first time to verify the statistical model of

BC mortality prediction in two developing countries. In addition, we

further compared the differences in mortality trends of BC between the

early-onset and screen-age/late-onset population and verified that the

model was more accurate in predicting age/late onset group, filling the
FIGURE 6

Forecast error over ages between the early-onset and screen-age/late-onset population in China and Pakistan.
TABLE 2 Mean and variance of forecast error in life expectancy derived from the Lee–Carter model.

Country
Early-onset Screen-age/late-onset

Mean Variance Mean Variance

China 0.034 0.006 0.020 0.0012

Pakistan 0.033 0.004 0.013 0.0010
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gap in this regard. Similarly, this study has some limitations. First, we

conducted our analysis based on secondary data; therefore, the accuracy

of the model simulation is limited by the accuracy of GBD estimates.

Second, we did not consider other covariates that may affect the risk of

death from BC in the two countries in the model evaluation, such as

health policies and treatment conditions. Third, our model was trained

and tested for different parts of the same data set, and the actual effect

may not be as good as the alternative, which is to train on one data set

and validated on the other data set, so that the external validation is

more able to demonstrate the generality of the model. As, for validation,

our work made use of a comparable data set. If screening, diagnostic,

and treatment methods change between different centers and over time,

further analysis using an independent data set would be helpful to

assure adaptability.
Conclusion

The LC model can be considered to forecast BC mortality to

project the future life expectancy at birth, particularly among the

screen-age/late-onset population. By model prediction, BC mortality

is expected to increase to 2030 for both the early-onset and screen-

age/late-onset population in Pakistan. In China, it is likely to decrease
Frontiers in Oncology 0927
for the early-onset population. Hence, this approach may be helpful

and convenient to predict the cancer related mortality even for

insufficient epidemiological and demographic disease data set.

According to model prediction to BC mortality, better health

facilities in terms of disease diagnosis, control, and prevention are

needed to minimize this disease’s future burden, particularly in less

developing countries.
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Introduction: Cervical cancer (CCa) is the fourth most frequent and a common

cause of cancer mortality in women, the majority of whom live in low- andmiddle-

income countries. Data on CCa mortality and its determinants have been poorly

studied in Nigeria, resulting in a paucity of information that can assist patient

management and cancer control policy.

Aim: The purpose of this study was to assess themortality rate among CCa patients

in Nigeria as well as the major factors influencing CCa mortality.

Study design: Data from the medical records of 343 CCa patients seen at the

Lagos University Teaching Hospital and NSIA-LUTH Cancer Center from 2015 to

2021 were used in a retrospective cohort analysis. The hazard ratios (HR) and

confidence intervals (CI) associated with the exposure variables and CCa mortality

were calculated using Cox proportional hazard regression.

Results: The CCa mortality rate was 30.5 per 100 women-years after 2.2 years of

median follow-up. Clinical factors such as HIV/AIDS (adjusted HR [aHR]: 11.9; 95%

CI: 4.6, 30.4), advanced clinical stage (aHR: 2.7; 95% CI: 1.5, 4.7), and anemia at

presentation (aHR: 1.8; 95% CI: 1.1, 3.0) were associated with a higher mortality risk, as

were non-clinical factors such as age at diagnosis >50 years (aHR: 1.4; 95% CI: 1.0, 1.9)

and family history of CCa (aHR: 3.5; 95%CI: 1.1, 11.1)

Conclusion: CCa has a high mortality rate in Nigeria. Incorporating these clinical

and non-clinical factors into CCa management and control policies may improve

women’s outcomes.

KEYWORDS

cervical cancer, cancer mortality, determinants of mortality, Nigeria, cancer epidemiology,
cancer control, women’s health, oncology
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1 Introduction

Cancer of the uterine cervix or simply cervical cancer (CCa) is one

of the leading causes of cancer-related mortality in women and a

major disease of global public health concern. A recent estimate

shows that about three billion women over the age of 15 years are at

risk of the disease which is currently the fourth most frequent

malignancy affecting women worldwide, after breast, colorectal, and

lung cancers (1, 2). Globally, CCa represents about 7% of all cancer

types, with significant variation along socioeconomic divides ranging

from 2.8% in countries with very high human development index

(HDI) to 17.7% in those with low HDI (2).

Mortality from CCa closely follows its incidence pattern, being

the fourth major cause of cancer-related deaths, accounting for 7.5%

of all cancer mortality in 2018, and with a global average age at death

of 59 years (2). The age-standardized mortality rate ranges from 3 per

100,000 women in high-income countries to 20 per 100,000 women in

low and middle-income countries (LMICs) (2, 3).

Recently, in the United States and many European countries, the

incidence has remained stable, and mortality declined by almost 1%

annually, owing to increased attention to prevention and early

detection services and increased access to evidence-based treatments

(3, 4). AlthoughChina and India account for almost one-third of global

CCa incidence and mortality (2), a progressive decline in mortality has

also been reported, especially in India, mainly due to improvements in

their CCa control and healthcare services (5). In contrast, CCa

incidence and mortality rates in Sub-Saharan Africa have been

steadily increasing over the last 10-25 years, with the annual increase

ranging from 1.3% to 9.5% in some countries (6, 7), culminating in

about 10.8% of cancer deaths between 2015 and 2019 (8).

Studies in sub-Sahara Africa have reported cumulative mortality

during a 2–5-year period ranging from 65% to 68% (9–11). In Nigeria,

the 5-year CCa mortality prevalence was estimated at 22.11 per

100,000 women (12) and was responsible for 14.8% of all cancer

deaths among Nigerian women in 2018 (13).

Empirical evidence has shown several factors that influence

mortality risk from CCa. Late-stage hospital presentation of CCa is

very common in sub-Sahara Africa (9, 14–17), and has been reported

to generally reduce the 5-year survival rate from 92% in the early-

stage presentation to about 17% in the late-stage when metastases has

occurred (18, 19). Sociodemographic factors like lack of formal

education, rural residence, fear, misconceptions, misinterpretation,

ignorance, and longer investigation time are some of the health-

seeking and health systems variables predisposing to late stage CCa

presentation and its attendant increased mortality chance (17, 20).

Dietary and lifestyle practices such as alcohol use, cigarette smoking,

high body mass index (BMI), use of other substances of abuse (21), as

well as socioeconomic/demographic factors like age at diagnosis,

family history of CCa in first degree relatives, history of abortion,

and age at first marriage and birth have been described as

determinants of CCa mortality (20, 22).

Other clinical factors such as anemia, HIV/AIDS, comorbidity,

type of treatment received, and histological type of the disease have

also been reported to influence CCa outcome (9–11, 22).

Although these factors have varying influences on CCa mortality

risk, to our knowledge, their exact roles in determining CCa outcome
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among women in Nigeria have been poorly studied. Nigeria has a

large population of CCa-at-risk women whose mortality has not been

adequately investigated (13). Consequently, there is a scarcity of

relevant data on CCa mortality rate and the factors that influence it

(2, 23).

This study aimed to estimate the mortality rate and the clinical

and non-clinical factors that determine mortality among CCa patients

in Lagos, Nigeria.
2 Materials and methods

2.1 Study design and setting

A retrospective cohort study was conducted in the gynecological

oncology unit of Lagos University Teaching Hospital (LUTH) and the

NSIA-LUTH Cancer Center (NLCC) both in Lagos, Nigeria.

LUTH is an 800 bedded tertiary teaching and referral hospital in

Lagos, Nigeria. Through a public-private partnership model, LUTH,

in partnership with the NSIA Healthcare Development and

Investment Company opened the NLCC, an advanced cancer

treatment center that has synchronized cancer treatment services in

LUTH since May 29, 2019 (24).

Medical records of CCa patients diagnosed between January 1st,

2015, and December 31st, 2021, were retrieved from the medical

records department through manual sorting of all the gynecological

cancer cases seen in LUTH and NLCC during the period. Retrieval of

records was supported by trained staff of the medical record units of

both the LUTH and the NLCC.

Records of participants who were newly diagnosed with CCa or

referred from other hospitals on account of CCa, whose clinical

diagnoses were ascertained with a histological report and attended

the gyne-oncology unit of LUTH or the NLCC between January 1st,

2015, and December 31st, 2021, were included in the study.

2.1.1 Exposure variables
Data were extracted from medical records using a pretested

structured questionnaire. Socio-demographic, family, and social

history data were used as non-clinical exposure variables, whereas

cl inical and histopathology data were used as cl inical

exposure variables.

Data on histology was derived from the histology report of

pathologists. Three categories were derived based on the frequency

of occurrence of the different histo-types: squamous cell carcinoma,

adenocarcinoma, and other types including adenosquamous and

small cell carcinoma.

Data on comorbidity was based on the Deyo modification of the

Charlson Comorbidity Index after excluding cervical cancer (25).

Data on anemia was obtained using the patient’s packed cell

volume (PCV) and classified according to WHO recommendations

for non-pregnant women 15 years or older. Severe anemia was PCV

<24%, moderate anemia 24–32.9%, mild anemia 33–35.9%, and PCV

36% or higher constitute no anemia (26).

Clinical staging of the disease was based on the International

Federation of Gynecology and Obstetrics (FIGO) 2018 classification

into early and late disease (27). For this study, we also explored
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further categorization into early (FIGO I—IIA), late (FIGO IIB—

IIIC), and advanced disease (FIGO IVA and IVB) to observe more

clearly the effect of these stages on CCa death. Treatment data were

also obtained from the oncologists/surgeon’s management plan and

the nursing report of medications and treatments administered for

those that were admitted during their treatment. Data were classified

based on whether the patient had chemotherapy, radiotherapy, or

surgery only, and varying combinations of the three modalities.

Information on HIV/AIDS status was extracted from the

laboratory investigation reports usually carried out as part of

baseline investigations at hospital presentation.

Information about age, location/residence, occupation, religion,

ethnicity, educational level, and marital status were extracted from the

biodata section of the records. Age at diagnosis was categorized

broadly as age 50 years or younger and age older than 50 years

based on previous research (10). Data on occupation was classified as

either unemployed or based on skill levels derived using the latest

versions of the International Labor Organization’s International

Standard Classification of Occupations 2008 [ISCO-08 and ISCO-

88] (28). Participants who were engaged in some forms of occupation

were sub-classified as high-skilled, medium-skilled, or low-skilled

occupation, armed forces, or not elsewhere classified.

The family and social history section of the medical records

provided information on the family history of CCa in a first-degree

relative, cigarette smoking, alcohol intake, use of other substances,

including herbal preparations, and parity, defined by the number of

pregnancies carried to viability, irrespective of whether the child was

alive or not.

2.1.2 Outcome variable
Mortality during the follow-up period was the dependent, binary

outcome variable, and was confirmed through the death register,

death summary form, or phone calls to the next of kin of patients

whose outcomes could not be ascertained through existing records.

Empirical evidence has proven verbal confirmation of mortality to be

accurate and reliable in resource-constrained settings with low

coverage of vital registrations, including death registration (29).

Follow-up started from the first histological diagnosis of CCa and

ended on the date of death of the participant, referral for the

continuation of care outside LUTH or NLCC (often due to

proximity to their location), or the common closing date on

December 31st, 2021, whichever came first.
2.2 Statistical analysis

Descriptive analysis was conducted using frequencies, means, and

percentages. Inferential statistics were obtained using the Cox

proportional hazards regression model. Hazard ratios (HRs) and

their confidence intervals were used as measures of association

between CCa diagnosis and mortality.

Univariate analyses were conducted for all exposure/independent

variables of CCa mortality using the log-rank tests of equality.

Variables such as family history of cervical cancer, cigarette

smoking, educational level, alcohol, and other substances use, HIV/

AIDS status, anemia, stage of the disease, and types of treatment

received with a p-value less than 0.25 (30) were considered relevant
Frontiers in Oncology 0332
and were included in the multivariable Cox regression model. In the

multivariable analysis, the p-value of anemia was statistically

insignificant (p-value = 0.856), however, we retained anemia in the

model because the overall p-value for the model was <0.001 and

previous research showed that anemia was relevant in the model

(9, 10).

Proportionality assumption was checked using the Schoenfeld

and scaled Schoenfeld residuals and the goodness of fit of the final

model was checked using the Cox-Snell residuals plotted in a Nelson-

Aalen cumulative hazard function.

All statistical tests were 2-tailed, and type-1 error was set at 0.05

level of significance. The power of the study was 80%. Missing data

were handled using complete case analysis for each variable of interest

and the low level of missing data increased the validity of the results.
2.3 Ethical considerations

Ethical approval for study was granted by the ethical review

committee of LUTH with approval number ADM/DSCST/HREC/

APP/4939. This approval was used to gain permission from the gyne-

oncology unit and the medical records department to access the

medical records. A secondary approval was also granted by the

administrative boards of NSIA-LUTH Cancer Center to access

medical records in the center.
3 Results

Out of 420 cases of CCa seen during the study period, a total of

343 (81.7%) women with complete records were included in

the analysis.
3.1 Non-clinical characteristics of women
with cervical cancer

The mean age at CCa diagnosis (entry) was 55.3 years (SD 12.5

years) with age range between 28 and 88 years. The age group 55–64

years recorded the highest number of cases of CCa during the

study period.

Two-thirds of the study population were suburban residents, and

more than one-thirds had a secondary level of education. Fifty-six

(16.6%) were unemployed and about 55% (185) were engaged in

various low-skill occupations. Approximately 25% (65) had a history

of substance use, with alcohol intake responsible for the highest

substance use at 17.6% (57) while only about 5% (16) smoked

cigarette (Table 1). Other non-clinical characteristics are described

in Table 1.
3.2 Clinical characteristics of women with
cervical cancer

A total of 202 (59%) CCa deaths were recorded during the follow-

up period with a mean age of 57.6 years (SD 13.0 years) at death.

Nearly 10% (33) of the study population was still alive, and the
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TABLE 1 Non-clinical characteristics of the study population including results of univariate analysis.

Variables Categories Frequency N (%) Total CCa Mortality N (%) p-value in univariate analysis
(log-rank test)(<0.25)

Age (years) 50 years or less
>50 years
Missing

119 (34.7)
214 (62.4)
10 (2.9)

70 (58.8)
132 (61.7)

0
0.0337* #

Ethnicity Yoruba
Igbo
Others
Missing

172 (50.2)
85 (24.8)
86 (25)

0

108 (62.8)
47 (55.3)
47 (54.7)

0

0.3207

Residence Rural
Suburban
Urban
Missing

9 (3.5)
158 (61.2)
91 (35.3)
85 (24.8)

3 (33.3)
102 (64.6)
56 (61.5)

0

0.3953

Education Primary
Secondary
Tertiary
No formal education
Missing

78 (24.8)
106 (33.6)
75 (23.8)
56 (17.8)
28 (8.2)

47 (60.3)
61 (57.5)
37 (49.3)
37 (66.1)

0

0.0173*

Occupation Unemployed
High-Skill Occupation
Medium-Skill
Low-Skill Occupation
Armed forces
Unclassified
Missing

56 (16.6)
32 (9.5)
54 (16.0)
185 (54.9)
2 (0.6)
8 (2.4)
6 (1.7)

34 (60.7)
15 (46.9)
33 (61.1)
109 (58.9)
1 (50)
5 (62.5)

0

0.4003

Religion Islam
Christianity
Missing

74 (21.6)
269 (78.4)

0

46 (62.2)
156 (58.0)

0
0.6590

Marital Status Single
Married
Missing

7 (2.2)
307 (97.8)
29 (8.5)

5 (71.4)
181 (59.0)

0
0.5130

Parity 0-3
4-7
8-11
>11
Missing

71 (23.5)
169 (56.0)
61 (20.2)
1 (0.3)
41 (12)

42 (59.2)
100 (59.2)
36 (59.0)
0 (0.0)

0

0.9256

Family History of CCa Yes
No
Missing

5 (1.6)
313 (98.4)
25 (7.3)

4 (80.0)
190 (60.7)

0
0.0210* #

Cigarette smoking Cigarette Smoking
No smoking
Missing

16 (5.0)
301 (87.8)
26 (7.6)

13 (81.3)
185 (61.5)

0
0.0469*

Alcohol Alcohol intake
No alcohol intake
Missing

56 (17.7)
261 (82.3)
26 (7.6)

40 (71.4)
158 (60.5)

0
0.0794*

Other substances use Yes
No
Missing

11 (4.4)
240 (95.6)
83 (24.2)

11 (100)
148 (61.7)

0
0.0207*

Overall treatment outcomes Alive
Dead
Referred
Loss to follow-up
Missing

33 (9.9)
202 (59)
35 (10.5)
62 (18.6)
10 (2.9)
F
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*Statistically significant variables in univariate analysis that were included in multivariate analysis.
# Variables significantly associated with CCa mortality in multivariate analysis (p < 0.05).
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outcome could not be ascertained in over one-quarter of the study

population due to either referral to other centers, short-term

management at LUTH and NLCC, 35 (10%) or loss to follow-up 62

(18.6%). Attempts to contact these women and their relatives via

phone call were not successful.

Of the cases reviewed, 245 (86.3%) presented in late stages (FIGO

stage IIB-IVB) and about 5% (15) were diagnosed with HIV/AIDS

during treatment. Squamous cell carcinoma accounted for over four-

fifths (82.6%) of all CCa histologic types seen in the cohort. Over 83%

(241) of the study participants were anemic, approximately a quarter

of these women had severe anemia. Less than half [45.4%, (117)] of

the participants had comorbid conditions and most patients in the

cohort 149 (55.6%) received combination therapy involving

chemotherapy and radiotherapy. (Table 2).
3.3 Cervical cancer mortality

The crude all-cause mortality rate was 30.5 per 100 person-years

with 2.2 years median follow-up time, corresponding to a cumulative

mortality of 59%.

Relative disparities in CCa mortality were most pronounced for

very advanced stage disease (FIGO IVA and IVB) with only 17.1%
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survival after 7 years of diagnosis, which increased by almost four-

folds (61.5%) when diagnosis was made at early stages (FIGO I and

IIA). Mortality was lowest [10 (40%)] among those that received three

combination therapies involving surgery, chemotherapy, and

radiotherapy, but highest among those that received either

chemotherapy alone [22 (73.3%)] or in combination with surgery

[3 (75%)]. Histologically, adenocarcinoma had the lowest

proportional survival from the disease 11(33.3%). Approximately

nine in 10 CCa mortality had some form of anemia and HIV/AIDS

was responsible for a disproportionately higher mortality (85.7%)

compared to 62% among those without HIV/AIDS. (Table 2).
3.4 Non-clinical determinants of cervical
cancer mortality

In the analysis of non-clinical determinants of CCa mortality, the

gradient was especially noticeable in patients who had family history of

CCa in a first degree relative, withmore than four-folds increase in risk of

dying from the disease (Age-adjusted hazard ratio [aHR]: 4.1, 95% CI:

1.8, 10.0). Being older than 50 years of age at diagnosis was also

associated with a 40% higher chance of dying from CCa than those

who presented at 50 or younger age (HR: 1.4, 95% CI: 1.0, 1.9). (Table 3)
TABLE 2 Clinical characteristics of the study population, mortality pattern within each group, and results of univariate analysis.

Variables Categories Frequency N (%) CCa Mortality N (%) p-value in univariate analysis (log-rank test) (<0.25)

Clinical Stage Early
Advanced/Late
Late (IIb-IIIc)
Very Advanced (>=IVa)
Missing

39 (13.7)
245 (86.3)
167 (58.8)
78 (27.5)
59 (17.2)

15 (38.5)
159 (64.9)
96 (59.6)
63 (82.9)

0

0.0002* #

Anemia No anemia
Anemia
Mild
Moderate
Severe

Missing

48 (16.6)
241 (83.4)
50 (17.4)
131 (45.5)
59 (20.5)
54 (15.7)

18 (37.5)
164 (68.0)
28 (56.0)
93 (71.0)
42 (71.2)

0

0.0247* #

Histology Squamous
Adenocarcinoma
Adenosquamous
Others
Missing

263 (83)
34 (10.7)
8 (2.5)
12 (3.8)
26 (7.6)

152 (57.8)
22 (64.7)
4 (50)
6 (50)
0

0.5224

HIV/AIDS Negative
Positive
Missing

300 (95.2)
15 (4.8)
28 (8.2)

181(60.3)
12(80.0)

0
0.0000* #

Comorbidity No
Yes
Missing

141(54.7)
117 (45.3)
85 (24.8)

91(64.5)
67(57.3)

0
0.5282

Treatment Chemotherapy
Radiotherapy
Surgery
Chemo+Radio
Surgery+Radio
Surgery+Chemo
Surgery+Radio+Chemo
Missing

30 (11.2)
45 (16.8)
9 (3.4)

149 (55.6)
4 (1.5)
5 (1.9)
26 (9.7)
75 (21.9)

22 (73.3)
28 (62.2)
5 (55.6)
90 (60.4)
0 (0.0)
3 (60.0)
10 (38.5)

0

0.1160*
*Statistically significant variables in univariate analysis that were included in multivariate analysis.
# Variables significantly associated with CCa mortality in multivariate analysis (p < 0.05).
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3.5 Clinical determinants of cervical
cancer mortality

When clinical stage of the disease at diagnosis was explored,

clinical presentation at late or advanced stages (FIGO IIB-IVB)

correlated with a three-folds increase in mortality risk (aHR: 2.7,

95% CI: 1.5-4.7). On further analysis, there was a sharp upward

gradient in the risk from the baseline early stage (FIGO I-IIA) disease

to advanced (FIGO IVA-IVB) disease. (Table 3)

The chances of CCa death rose by almost three-folds when a CCa

patient had underlying or recently diagnosed HIV/AIDS disease

(aHR: 2.7, 95% CI: 1.5, 4.8). Anemia conferred approximately 80%

increased risk of CCa mortality (aHR: 1.8, 95% CI: 1.1, 3.0). However,

the pattern observed along the levels of anemia was similar to that of

clinical stage of the disease, with a steep upward gradient frommild to

severe. (Table 3)
4 Discussion

This study investigated the clinical and non-clinical factors that

influence mortality from CCa in Nigeria. The cumulative prevalence

of CCa mortality over the 7-year period was 59%, with an all-cause

mortality rate of 30.5 per 100 women-years and a median follow-up

time of 2.2 years. The risk of CCa mortality increases with clinical

factors such as anemia, advanced clinical stage of CCa at presentation,

and coexisting HIV/AIDS. Few non-clinical factors including family

history of CCa in a first-degree relative and older age over 50 years at

diagnosis were associated with increased mortality risk.

The mortality rate in this study is substantial, but very strongly

correlated with the recent estimate of 31 per 100-women years in

Ethiopia (9). However, it also varies widely from estimates in other

previous studies with the rates ranging from 15.6 to as high as 79.8 per

100 women-years (10, 11). This may be due to the selection of the

study population as mortality from hospital-based data are usually
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higher than that of the population. Similarly, variations in the sample

size, study period, and focus of the study may also contribute to the

wide variation observed (11). Another factor that could possibly

explain the disparities is the poor and inconsistent record of

mortality in most LMICs especially sub-Saharan Africa where

national vital statistics including death registers are grossly

inadequate or absent (31). Thus, the reported mortality rates were

entirely dependent on how much of the mortality and outcome data

could be retrieved by various researchers.

Overall, most of the factors revealed in this study corroborate the

findings from previous studies (9–11, 23), but also find many of the

previously documented factors insignificant in our study cohort.

Anemia was found in over four-fifths of CCa patients in our

study. This estimate was significantly higher relative to earlier reports

in Ethiopia (51.2%), Kenya (56.5%), Northern Nigeria (51%) and

Korea (36.4%) (11, 14, 32, 33). In the United States, however,

Hufnagel and colleagues (34) found up to 64% of gynecologic

cancer (including CCa) patients developed anemia within six

months of their diagnosis while the European Cancer Anemia

Survey (ECAS) found up to 68% prevalence of anemia among

European cancer patients during a 6-month survey period (35).

Anemia in cancer patients has a complex etiopathogenesis. The

probable contributing causes include bleeding, dietary inadequacies,

hemolysis, diminished erythropoietin levels, inflammation with

increased hepcidin activity, and chemotherapy toxicity in marrow

precursors (for those already commenced on chemotherapy) (36). In

addition to population characteristics, stage of disease, and treatment

modality received, presence of other comorbidities could significantly

influence the incidence and severity of anemia, leading to

considerable variation in its estimation (37).

In Nigeria, the rate of anemia among healthy women of

reproductive age is high and it varies widely across regions ranging

between 21% and 55% according to recent estimates (38, 39). This

high pre-morbid anemia among women increases the risk of

symptomatic anemia when cancer sets in, thus further explaining
TABLE 3 Age-adjusted and unadjusted hazard ratios for CCa mortality.

Variables Categories Unadjusted HR (95% CI) p-value Age-adjusted HR (95% CI) p-value

Clinical Determinants

HIV/AIDS Negative
Positive

1.0
2.6 (1.4, 4.7) 0.002

1.0
2.7 (1.5, 4.8) 0.001

Clinical Stage Early
Late/Advanced
Early (I-IIA)
Late stage (IIB-IIIC)
Advanced (IVA-IVB)

1.0
2.8 (1.6, 4.8)

1.0
2.4 (1.4, 4.2)
3.7 (2.1, 6.8)

<0.001

0.003
<0.001

1.0
2.7 (1.5, 4.7)

1.0
2.3 (1.3, 4.0)
3.7 (2.1, 6.7)

<0.001

0.005
<0.001

Anemia No anemia
Anemia
Mild
Moderate
Severe

1.0
1.7 (1.1, 2.8)

1.0
1.8 (1.2, 2.8)
2.4 (1.5, 3.9)

0.027

0.006
<0.001

1.0
1.8 (1.1, 3.0)

1.0
1.8 (1.2, 2.8)
2.4 (1.4, 3.9)

0.017

0.006
0.001

Non-Clinical Determinants

Age ≤50 years
>50 years

1.0
1.4 (1.0, 1.9) 0.035

1.0
1.4 (1.0, 1.9) 0.035

Family History of CCa No
Yes

1.0
3.5 (1.1, 11.1) 0.031

1.0
4.1 (1.8, 13.0) 0.017
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the high prevalence observed in our study. Of note is that most of the

previous studies used a lower PCV cutoff value of 30% as normal

blood levels (11), contrary to the WHO-recommended 36% for non-

pregnant, reproductive-aged women (26). Most clinicians and

researchers in Nigeria use the 30% cutoff for the general population

because most people are asymptomatic at that level (40, 41).

Anemia at presentation in cancer patients could be due to anemia

of chronic disease (ACD) which are often exacerbated by chronic

blood loss and nutritional deficiencies, especially Iron deficiency (42).

ACD is caused by a malfunction in Iron metabolism induced by

excessive release of the Iron transport modulator hepcidin, resulting

in a paradoxical Iron deficiency and anemia (43).

Our study shows that anemia significantly reduces disease-

specific survival by more than 80%. A possible mechanism

responsible for this is anemia-induced hypoxia which is associated

with decreased tumor susceptibility to anticancer medications and

increased morbidity in general (10, 44).

Over 86% of our study cohort were diagnosed at advanced stage of

the disease. This is close to the East African estimates in Kenya and

Ethiopia (14, 15). However, this estimate is significantly higher than

the global average of about 60% and the African average of 62% (20).

It also differs from other estimates such as in Nepal (65.5%), Northern

Nigeria (72.3%), Ethiopia (60.4), and Brazil (70.6%) (11, 16, 45, 46).

The stage of CCa at diagnosis could partly reflect the accessibility

and uptake of cancer screening services (47). Generally, most LMICs

lack efficient national cancer screening and control programs that

cover a substantial proportion of eligible women. In Nigeria, only 0.7–

8% of reproductive-age women had been screened at least once in

their lifetime (48, 49) similar to findings in Ghana (2.4%) but contrary

to findings in Uganda (20.6%), and Malawi (40.2%) (50–52).

Healthcare system inadequacies could also be a significant

contributor to late-stage diagnosis of CCa. For example, the prevalence

of misdiagnosis especially among the cases referred from private health

facilities was reported to be as high as 87.6%, and prolonged investigation

time and degree of secondary (facility-based) delays could be responsible

for delay in early diagnosis and commencement of appropriate care (17).

Our study showed that late-stage presentation was significantly

associated with a higher chance of mortality, and this agrees with

previous reports (18, 19). The mechanism of this effect is

multifactorial, and probably due to multi organs involvement,

distant spread to multiple vital organs, obstructive effect on the

urinary system leading to kidney disorders, increasing risk of severe

anemia, and overall higher morbidity.

HIV/AIDS confers significantly increased mortality risk up to

three-folds among CCa patients. Similarly, other findings have

reported a 2 to 3-fold increase in the risk of mortality among CCa

patients living with HIV/AIDS (9, 53).

The association of HIV/AIDS with immunosuppression has been

shown to cause poor clearance of high-risk HPV oncotypes and

facilitate its infection of the cervical basal cells (54). These

mechanisms enhance susceptibility of HIV patients to CCa.

However, its effect on survival from CCa is complex and still

insufficiently understood. Current understanding shows that HIV

primarily impairs the ability of the cellular immune system to clear

cancerous cells after treatment and in fact, could directly lead to poorer

response to CCa therapy (53, 55). In other words, it leads to increased

susceptibility to early cancer recurrence and severity. A recent study in
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Brazil showed that HIV infection did not affect initial treatment

response or early mortality in women with cervical cancer, but it did

increase relapse after achieving a complete response or remission, and

late mortality (56). Similarly, the immunosuppression linked with

HIV/AIDS also increases the susceptibility of CCa patients to other

life-threatening AIDS-defining infections and cancers (57) which adds

significant morbidity and increase their mortality risk.

In our study, about 5% of the patients had HIV/AIDS compared

to previous studies that reported approximately 8% incidence (9, 11).

This is a substantially higher HIV/AIDS prevalence than the recent

national estimate of 1.4% in Nigeria (58), showing the higher

propensity of women living with HIV/AIDS to develop CCa.

The mean age at diagnosis and death in our study is consistent

with reported global estimates (2) and a large population-based

estimate from an African study (59). These mean ages are, however,

slightly higher at diagnosis and lower at mortality than the mean ages

reported in the United States and Europe (3, 4).

As shown in our study, and in consonance with previous studies,

being older than 50 years at time of diagnosis, was associated with a

substantially higher risk of death from CCa (9, 10). However, no

consistent pattern was observed when 13 African countries were

studied (57). Conversely, age at diagnosis was found to be protective

in an Ethiopian study (15), however, the cohort used for the study had

younger women with mean cohort age of 49 years which might have

impacted the study finding.

A risk level of about 46%has been reported among the age group 50–

69 years, including an almost three-fold higher risk among CCa patients

older than 70 years (60). This is consistent with the findings in our study.

Age has multiple effects on CCa outcome, and it is an

independent negative prognostic factor irrespective of clinical stage,

ethnicity or histological type of the disease (60). Older women are

more likely to receive less-aggressive treatments (60) such as surgery

and chemotherapy because of concern for their overall tolerability of

stress of surgery or the ability of their organs to effectively metabolize

anticancer medications. Older age also correlates with an increasing

risk of other comorbidities and anemia which increases the morbidity

and mortality from the disease (61).

The most common understanding of the role of family history in

CCa is the increased risk of occurrence of the disease usually at genetic

level. However, our study suggests that family history of CCa might also

play a role in the outcome of CCa. A time-to-death analysis conducted

among Ethiopian women supported this finding (22). However, caution

should be applied in interpreting this finding due to the relatively small

number of patients with family history of CCa in our data. It is also

important to note that all the patients in our study who had family

history of CCa presented at advanced stage mostly stage IVA or IVB.

This could have significantly influenced the findings observed.

The biological mechanism of effect of family history on CCa

mortality is still unclear as no previous descriptions were found in the

literature at the time of reporting this study.
4.1 Study strengths and limitations

This study’s categorization of the factors into clinical and non-

clinical determinants helps to put further clarity on the type of

interventions that would be appropriate to address the factors. The
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study was based on relatively accurate and reliable data collected by

trained health personnel and with high consistency because of

multiple reviews by more than one medical personnel during

management of the patients. We also achieved a relatively high

complete follow-up rate of about 71% of the study population and

were able to compile comprehensive information on the variables

despite the prevailing challenges to record keeping, retrieval, data

collection and follow-up in our environment. The strict reliance on

histological diagnosis of CCa conferred high level of diagnostic

accuracy and consistent determination of the follow-up time.

In the evaluation of women with family history of CCa in first-

degree relatives, the power of the study was limited due to the small

number of women who had family history of the disease. Being an

institution-based study data, its interpretation may also partly reflect

on institutional factors and may be difficult to completely extrapolate

the findings to the general population. The lack of a national or

regional database of death records is a major impediment for studies

on cancer mortality in many LMICs, as observed in our study. The

results of our study could have been bolstered even further by the

confirmation of every death through such a database.
5 Conclusions

The study of clinical and non-clinical factors influencing cervical

cancer mortality in Lagos, Nigeria, shows that mortality rate from the

disease is very high. Clinical factors such as presence of anemia, HIV/

AIDS, and advanced clinical stage disease, in addition to non-clinical

factors like age above 50 years at diagnosis and family history of the

disease in a first-degree relative were associated with higher CCamortality

risk. Consideration of these clinical and non-clinical factors during CCa

management and control may improve the outcome for Nigerian women.
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Cervical cancer is the fourth largest malignant tumor among women in the world. 
Human papillomavirus (HPV) infection can lead to cervical intraepithelial neoplasia 
(CIN) and cervical cancer. Active papillomavirus infection occurs when the infected 
basal cells replicate and fill a certain area. Persistent HPV infection can lead to 
squamous intraepithelial lesions, which are divided into CIN1, CIN2, and CIN3 
according to how much epithelium is impacted. Different types of HPV have different 
possibilities of causing cervical cancer, and high-risk HPV is the main cause of cervical 
cancer. Research showed that viral load may be an indicator of the progression of 
cervical precancerous lesions, but this association does not seem to be universal. 
This article aims to summarize different genotypes, multiple infections, especially 
viral load, in cervical precancerous lesions, to guide early intervention.
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1. Introduction

Cervical cancer is a leading cause of mortality among women. In 2020, an estimated 604,000 
women were diagnosed with cervical cancer worldwide and about 342,000 women died from the 
disease (1). According to epidemiological research statistics, in the United States, 75% of people aged 
15–50 are infected with human papillomavirus (HPV) in their lifetime, of which 60% are only 
temporary infections, 10% are persistent infections (the habitual targets of the HPV), 4% have slight 
cytological changes, and only 1% have clinical cytological damage. Persistent infection with about 
15 types of hrHPV is the main risk factor for cervical cancer, of which HPV16 and HPV18 infections 
account for about 70% of the total cases (2). In the summary analysis of 11 case–control studies (3), 
HPV 16, 18, 45, 31, 33, 52, 58, and 35 accounted for 95% of HPV DNA-positive squamous 
cell carcinoma.

Two decades ago, hrHPV testing was proposed as a potential alternative to repeated cytology or 
immediate colposcopy for the triage of women with Atypical Squamous Cells of Undetermined 
Significance (ASCUS) cytology (4). In the last few years, the superiority of hrHPV testing compared 
to cytology to detect high-grade lesions has been demonstrated (5). However, for young women aged 
21–24, the specificity of the HPV mRNA test in defining CIN2 lesions in women with ASCUS or 
Low-grade Squamous Intraepithelial Lesion (LSIL) is much higher than hrHPV DNA test (6). 
Recently, a Cochrane review (7) pointed out that relevant triage strategies are needed to manage 
hrHPV-positive women. Biomarkers have been assessed to manage hrHPV-positive women that 
include HPV genotyping, p16/Ki67 dual-staining, or the methylation status of HPV and some 
human genes (8–10). According to recent longitudinal studies, hrHPV viral loads can affect cervical 
diseases to varying degrees. This article summarizes the research progress on the correlation between 
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hrHPV viral load, HPV genotyping, and cervical lesions and provides 
guidance for the screening of cervical cancer.

2. Human papillomavirus genome

Human papillomavirus is a DNA virus in the papillomavirus 
subgroup. The shell consists of 72 5-polymers, 20 polyhedra, no envelope, 
45–55 nm in diameter, and 5 × 106 Da. The HPV genome is an annular 
double-stranded DNA molecule with about 7,800–7,900 base pairs (bp), 
whose DNA composition accounts for about 12% of the mass of the virus 
(11). The complete genome can be  divided into 3 coding regions 
(Figure 1): (1) early region (open reading box): including six genes in total, 
including E1, E2, E3, E4, E5, and E6, with a total length of about 4,500 bp, 
which can participate in the replication, transcription, and cell 
transformation of viral genes; (2) advanced regions (late stage) Coding 
area: contains a total of 2 genes, L1 and L2, of which L1 is the main capsid 
protein and L2 is the secondary capsid protein, which can be  self-
assembled into viral-like particles to induce the body’s immune response 
and promote the production of protective antibodies. It belongs to the late 
expression of viral replication; (3) Upstream regulatory area (long control) 
control area, non-coding area: Located between the L1 gene and the E6 
gene, it contains multiple binding sites and can participate in the 
regulation of virus replication and transcription (12).

3. Human papillomavirus genotyping

Of the approximately 30 types of HPV that infect the anogenital 
tract, 15 types of HPV, classified as “high-risk” types (HPV types 16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82), are associated with 

high-grade lesions and invasive cervical cancer (13). On the other 
hand, 11 different HPV types, classified as “low-risk” HPV types (HPV 
types 6, 11, 40, 42, 43, 44, 54, 61, 70, and 81), are mainly associated with 
genital warts and benign cervical lesions (14). In the list of type 1 
carcinogens published by the International Agency for Research on 
Cancer of the World Health Organization, there are types 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, and 59 of high-risk HPV (11).

3.1. Single HPV infection

The global prevalence of five top hrHPV types among women (15) 
is reported to be HPV 16: 55.4 (95% CI; 55.0–55.8), HPV 18: 14.6 (95% 
CI; 14.3–14.9), HPV 45: 4.8 (95% CI; 4.6–5.0), HPV 33: 4.2 (95% CI; 
4.1–4.4), HPV 58: 3.8 (95% CI; 3.7–4.0), and HPV 31: 3.5 (95% CI; 
3.4–3.7). A global study on HPV genotypes (16), published in the Lancet 
in 2010, found that genotypes HPV 16, HPV 18, HPV 31, HPV 33, HPV 
35, HPV 45, HPV 52, and HPV 58 are easily capable of causing 
moisturizing cervical cancer. As previously stated, HPV 16/18 is the 
primary virus of cervical intraepithelial neoplasia (CIN). However, Ma 
L (17), on the other hand, found that CIN2+ accounted for 31.02% of 
648 HPV-positive histopathological data, with HPV16 having the 
highest infection rate and HPV18 having only 3.75%, but HPV18 can 
play an important role in severe cervical lesions, with CIN3 and cervical 
adenocarcinoma being closely related to HPV18 single infection. A 
recent systematic synthesis (18) showed that individual HPV genotypes 
carry distinct risk values for high-grade cervical disease. HPV16 
consistently carries the highest risk for CIN 3 or worse, HPV31, 18, and 
33 carry intermediate-high CIN 3 or worse risk. Beyond HPV 16, 31, 18, 
and 33, HPV 52, 58, and 45 carry moderate risks, with 35, 39, 51, 56, 59, 
66, and 68 consistently having the lowest CIN 3 or worse risks.

FIGURE 1

Human papillomavirus (HPV) life cycle and cancer (12). Cartoon depicting normal stratified cervical epithelium (left), HPV infected epithelium (center), and 
HPV induced cancer (right). Epithelial layers are indicated on the far left and HPV life cycle stages are indicated on the far right. Episomal genomes are 
shown as orange circles and integrated genomes shown as orange stripes. Left: Normal keratinocyte differentiation. Basal cells divide and daughter cells 
migrate upward, beginning the differentiation program. As differentiation proceeds, cells exit the cell cycle. Fully keratinized squames slough off from the 
apical surface. Middle: Productive HPV Infection: HPV virions gain access to basal cells via microwounds. The viral genomes migrate to the nucleus, where 
they are maintained at approximately100 copies/cell. As daughter cells begin differentiation, viral genomes are amplified. Cell nuclei are retained and 
chromatin is activated to support viral DNA replication. Right: Cancer. Viral genomes often integrate into the host genome and E6/E7 expression is 
increased, leading to enhanced proliferation and accumulation of cellular mutations. Cellular differentiation is lost and cancerous cells invade into the 
dermal layer along with neighboring tissues (12).
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3.2. Multiple HPV infections

Women may be infected with multiple HPV infections with different 
genotypes throughout their lives (3). It is reported that among HPV-positive 
women, the prevalence rate of multiple HPV infections is between 18.5 and 
46% (19–21). A variety of HR-HPV types infect synergistically in the 
occurrence of cervical cancer, according to prospective research (22). Fife 
et al. (23) reported that infection with multiple HR-HPV types tends to 
increase the severity of cervical diseases. However, other reports provided 
controversial conclusions. Muñoz et al. (3) found that there is no significant 
difference in the risk of cervical cancer among women with multiple and 
single HPV infections. Herrero et  al. (24) have shown that multiple 
infections may be  related to the persistence of HPV and increase the 
duration of infection and the risk of cervical disease, but some studies 
(25–27) still showed no impact. Recently, Iacobone et al. (28) confirmed 
that multiple HPV infections are significantly associated with reduced 
CIN2+ risk, while cervical cancer and changes in precancerous diseases 
may occur in single infections. Another hrHPV test through Cobas4800 
showed that the risk of HPV16 co-infection with other types of CIN3 
seems to be lower than that of a single HPV16 infection (29). A study (30) 
from Beijing, China, also indicated that the incidence of CIN2+ in patients 
with a single HPV 16 infection (62.2%) is higher than that of patients 
mixed with other HPV genotypes (52.4%). At the same time, the incidence 
of CIN2+ in patients infected with HPV 16 may be higher than that of 
patients with a single HPV 52 and other genotypes. Recently, a study 
published by Song et al. (31) suggested that co-infection with lower-grade 
HPV types has little impact on the CIN2 + risk associated with a single 
hrHPV infection, which confirms the above conclusion.

4. Human papillomavirus viral load

4.1. hrHPV viral load and cervical lesions

Most scholars (32–41) believe that there is a clear correlation between 
HPV viral load and the degree of cervical lesion, that is, as the viral load 
increases, the risk of cervical lesions increases. A large Chinese retrospective 
study (34), compared the viral load of ≤ CIN1 and CIN2 + patients in eight 
high-risk HPV genotypes (HPV16/18/31/33/45/52/58/82). The results 
showed that statistical significance was only found in HPV16 genotypes; 
there was no such difference in the other seven genotypes. Zhao et al. (36) 
conducted a 15-year prospective cohort study in China and found a 
significant correlation between the change in HPV viral load over time and 
the probability of CIN2+ in patients. Women with an increased viral load 
(15.3%) had a 38-fold higher risk of CIN2+ than HPV-negative women 
(0.4%). We summarized some longitudinal studies (Table 1) published in 
the past 5 years and found that the HPV viral load is indeed related to the 
CIN level of cervical lesions, but this law is not universal. It needs to 
be reflected in a specific genotype. For example, in the cohort of French 
women (42), only the viral load of HPV16 can predict CIN2+, and this 
association has not been found in HPV18 and other genotypes. This rule 
has also been found in the Chinese female cohort (34). More interestingly, 
a cohort study from Canada (33) showed that the HPV 16/18/31 viral load 
is related to higher levels of cervical lesions. In the Mexican women’s cohort 
(35), we found that women in LSIL and HSIL have a higher HPV 16 viral 
load. In contrast, Del Río-Ospina L et al. (44) study in Colombia has 
documented that a higher level of cervical lesions in women corresponds 
to a lower HPV 16 viral load. Wang W et al. (39) have shown that the 
HPV16 viral load can gradually increase with the development of the 

lesion, and there is no obvious correlation between the HPV18 viral load 
and histopathology. At the same time, the viral load of subtypes close to 
HPV16 (HPV52, HPV58, etc.) can increase with the development of the 
disease, while the viral load of subtypes close to HPV18 (HPV45, HPV59, 
etc.) does not change significantly. Unlike the general description of viral 
load two decades ago, the description of viral loads of different HPV 
genotypes in recent years has helped us better understand the relationship 
between viral load and CIN classification.

However, some experts (45–47) do not think that HPV viral load is 
associated with the degree of cervical lesions (48). They said that CIN1 
was in the acute stage of HPV infection, and HPV’s self-replication 
ability was significantly more prominent in other stages. When CIN1 
developed into CIN2-3, there was a significant downward trend in HPV 
viral load because HPV’s self-replication ability was relatively stable. 
When it developed from CIN2-3 to cervical cancer stage I again, the 
HPV gene was integrated into the DNA of the host cell and had the 
ability to transform cells, causing the cervical lesion to gradually 
transform into cervical in situ cancer and even infiltrating cancer (48, 
49). From this perspective, the viral load may underestimate the severity 
of the disease, thus delaying treatment.

When we reviewed these studies, we also found that the viral load 
is also related to age. Compared with women under the age of 30, the 
relationship between viral load and cervical lesions in women older than 
30 years old is stronger (33).

4.2. Viral load as a triage biomarker

At present, many countries around the world use HPV testing for 
primary cervical cancer screening. Clinical trials (50) showed that HPV 
detection and screening of high-level lesions are more sensitive than 
cytological testing. The randomized clinical trial published in JAMA 
Oncology (51) indicated that genotyping for hrHPV with cytology triage 
significantly reduced the colposcopy referral rate compared with cytology 
for urban women. However, many HPV-positive women have no potential 
cervical lesions. To avoid overburdening colposcopy services and reduce 
the harm caused by over-referral, HPV-positive women must undergo a 
second test. Whether the HPV viral load can be used as a biomarker for 
triage is a question worth discussing at present. Luo et al.’s (52) research 
used the viral load as a triage indicator for cervical cancer screening. It is 
recommended that colposcopy be performed immediately when the viral 
load is > 10 RLU/CO, and cytological testing should be carried out at > 1 
RLU/CO or < 10 RLU/CO to optimize sensitivity, specificity, and the 
referral rate. This proved that the viral load can be used as a triage indicator. 
However, The HPV viral load can only predict the risk of cervical lesions 
under specific HPV typing. This may not apply to all HPV-positive women.

In December 2021, the World Health Organization issued guidelines 
for the screening and treatment of cervical precancerous lesions, 
proposing the use of mRNA testing for cervical cancer screening. Even 
if the viral load cannot be used as a method for secondary triage, it can 
be used as an indicator of virus replication to predict condition tracking 
and subsequent treatment.

5. Discussion

Due to the close relationship between HPV and cervical cancer, 
cervical cancer becomes a unique type of cancers. Its etiology is clear, and 
early prevention and diagnosis can achieve complete eradication. In May 
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TABLE 1 Longitudinal studies.

Author Year Country Participants Findings

Xiang (34) 2022 China 17,235  • The most prevalent hrHPV genotype for study patients who had ASC-US cervical cytology results were 

HPV52 (16%), HPV16 (11.3%), HPV58 (10.2%), and HPV53 (8.4%). The least prevalent hrHPV genotypes 

were HPV26, HPV82, HPV73 and HPV45, each with a prevalence < 1.5%.

 • Only the viral load difference between < CIN1 and CIN2+ groups (p = 0.001) was found in HPV16, and 

there was no such difference in the other seven genotypes.

Liu (32) 2021 China 256  • Higher high-risk HPV viral load in cervical lesions is related to higher risk of high-level cervical lesions.

Baumann (42) 2021 French 885  • HPV16 DNA load may independently predict the development of CIN2 + .

 • On the contrary, compared with other hrHPVs, contracting HPV 18 does not increase the risk of high-level 

cervical disease development.

Oyervides (35) 2020 Mexican 294  • The predominant HPV type was 16 (33.7%), followed by 18 (25.3%) and 39 (22.5%).

 • We found associations between HPV 18, 51, and 56 and high viral loads (p-values of 0.012, 0.034, and 0.005, 

respectively).

 • Significant difference was also not found when we analyzed HPV 18 and HPV52.

Zhao (36) 2019 China 1,479  • Individuals with medium/high virus loads, especially those whose HPV load remains stable, as well as 

individuals with increased HPV loads, are at greater risk of high-level lesions in the future and may be used 

as triage indicators for HPV-positive women.

Talía (33) 2019 Canada 1,611  • Viral load varied by HPV type and by diagnosis. The geometric mean viral load was highest for HPV16 and 

lowest for HPV45.

 • Higher HPV16/18/31 viral load was associated with a higher likelihood of being diagnosed with CIN 

and cancer.

Long (43) 2017 America 2,902  • The viral load of subtypes close to HPV16 can increase with the development of the disease.

 • The viral load of other types appeared slightly lower among women with HSIL compared to those with LSIL.

Del L (44) 2015 Colombian 180  • The increased viral load of HPV-18 and HPV-33 is directly proportional to the degree of cervical lesions.

 • High frequency of cervical lesions in women with low HPV-16 load.

2018, the Director-General of WHO called on countries to take action to 
jointly achieve the global goal of eliminating cervical cancer. Vaccinating 
adolescents against HPV is now the primary cervical cancer prevention 
strategy (53). However, HPV vaccination is not recommended instead of 
cervical cancer screening (54), although the vaccine can greatly reduce the 
risk of cervical cancer (55). Regardless of the relationship between HPV 
viral load and cervical lesions, viral load must be combined with other 
methods to maximize sensitivity and specificity in cervical cancer 
screening. Therefore, we need to further study the many factors that may 
influence the occurrence and development of cervical lesions, to achieve 
the combined application of multiple methodological detections in the 
early screening of cervical cancer, which is conducive to the early 
detection, early diagnosis, and early treatment of cervical cancer, so as to 
achieve the elimination of cervical cancer by the World Health 
Organization by 2030.
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Background: Although the etiology of women’s cancer has been extensively

studied in the last few decades, there is still little evidence comparing the

temporal pattern of these cancers among different populations.

Methods:Cancer incidence andmortality data from 1988 to 2015 were extracted

from the Changle Cancer Register in China, and cancer incidence data for Los

Angeles were extracted from Cancer Incidence in Five Continents plus database.

A Joinpoint regression model was used to analyze the temporal trends of

incidence and mortality for breast, cervical, corpus uteri and ovarian cancers.

The standardized incidence ratios were applied to compare the cancer risk

across populations.

Results: An increasing trend of incidence rate for breast, cervical, corpus uteri

and ovarian cancer was observed in Changle, although the rate leveled off for

breast and cervical cancer after 2010, although not statistically significant. The

mortality rate of breast and ovarian cancer was slightly increased during this

period, while we found a decreased mortality of cervical cancer from 2010. The

mortality of corpus uteri cancer showed a decreasing and then increasing trend.

The incidence of breast, corpus uteri and ovarian cancer in Chinese American

immigrants in Los Angeles was significantly higher than indigenous Changle

Chinese and lower than Los Angeles whites. However, the incidence of cervical

cancer in Chinese American immigrants shifted from significantly exceeding to

lower than Changle Chinese.

Conclusion: The incidence and mortality of women’s cancers in Changle were

generally on the rise, and this study concluded that environmental changes were

important factors affecting the occurrence of these cancers. Appropriate

preventive measures should be taken to control the occurrence of women’s

cancers by addressing different influencing factors.
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Introduction

Women’s cancers involve cancers of the breast, ovaries, uterus,

cervix, vagina, and vulva. Breast cancer is the most common cancer

among women world-wide, followed by cervical cancer, while

ovarian cancer is the deadliest gynecological malignancy

worldwide (1, 2). In high-income countries, incidences of the

breast, cervical and ovarian cancers are all on a downward trend,

while the incidence of corpus uteri cancer has increased from 1976

to 2012 (3). In China, the medical expenses of the three

gynecological cancers increased instead of decreasing, which

caused a heavy economic burden (4).

In the past few decades, the etiology of women’s cancers has

been researched extensively. For example, a large number of

epidemiological studies have manifested that socioeconomic

status has a considerable impact on the occurrence and

development of these cancers (5, 6). A subtle difference in certain

genes can explain a part of the observed disparities in breast and

gynecological cancers between various populations in numerous

genetic studies (7, 8). The true etiology of women’s cancers is

difficult to understand, given that it has become increasingly clear

that cancer development cannot be viewed as purely genetic or

purely environmental.

Studies of migrants are classic tools for exploring the

significance of environmental, social, and genetic traits in disease

etiology and have been particularly important for disentangling the

etiology of cancer (9). Earlier studies, which initially focused on

individuals in one region, found that the incidence of women’s

cancers varies significantly between different ethnic groups (10–12).

Studies of migrants from China, Japan and the Philippines to the

USA have shown that increased rates of breast cancer are first

observed after 10 years of residence in the USA, whilst the

maximum increase is not seen until the offspring of migrants

have been resident for a generation or two (13). However,

evidence for gynecological cancers in Chinese immigrants is scarce.

Chinese immigrants are the largest Asian ethnic group in the

USA, accounting for about 36.2% of immigrants in California, and

they are among the groups with the oldest immigration history (14).

Meanwhile, Changle is a district in southeast China with a long

history of immigration, and most of the immigrants went to the

USA. In 2003, there were 170,000 immigrants from Changle in the

USA together with their families, which is one fifth of the original

population (15). Therefore, Chinese women in Changle could be

considered an appropriate reference for migrant study of women’s

cancers. At present, breast cancer is one of the leading diseases that

threatens the health of women, and cervical and ovarian cancers

also ranked among top ten causes of cancer death in women in

Changle (16).

However, previous study showing the rising trend of women’s

cancer in Changle was updated until 2002 (17), and it is still

unknown about the temporal trend of women’s cancer risk in

recent years, when China has experienced rapid economic growth.

Moreover, the few studies on the differences in risk of women’s

cancer between Chinese and other ethnicity mainly focused on

breast cancer (18, 19), while the only migrant study comparing
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breast cancer risk among indigenous Chinese, Chinese Americans

and White Americans was conducted during 1968-1981 (20).

Considering the changing social and environmental factors in

China after the reform and opening up, it is necessary to

investigate the temporal risk pattern of women’s cancer in

indigenous Chinese in the recent 30 years, and compare it with

other populations.

In the current study, we compared the incidence rates and

standardized incidence ratios of breast and gynecologic cancers

among indigenous Chinese in Changle, Chinese Americans and Los

Angeles whites. The temporal trends in women’s cancers were

investigated in Changle Chinese population. Findings in this

study can not only provide the fundamental information for

cancer prevention and control, but also explore the etiology by

comparing three populations.
Materials and methods

Study data

The data for women’s cancer in Changle District were extracted

from the Changle Cancer Register in southeast China, from 1988-

2015. The Changle Cancer Registry was established in 1986, with

the support from Changle Institute for Cancer Research, Fujian

Medical University and The University of Hong Kong. All medical

facilities that diagnose and treat cancer in the region are required to

report all newly diagnosed cancers and deaths resulting from

cancer, using a standardized notification card and medical

certification of death. The demographic information was

registered by calendar year, sex and 5-year age group. The quality

of the registration was relatively good (21), and it had reported data

to National Central Cancer Registry of China and Cancer Incidence

in Five Continents from 1988.

Cancer incidence for Chinese Americans and white Americans

who were residents of Los Angeles, the USA were extracted from

Cancer Incidence in Five Continent Vol. Plus (CI5plus, http://

ci5.iarc.fr/CI5plus) from 1988 to 2012. Since 1972, the Cancer

Surveillance Program has routinely collected and analyzed

information on all cancer diagnoses made among residents of the

county. The original cancer data is categorized by gender, age and

cancer sites, which are identified via the International

Classifications of Diseases, 10th version (ICD-10).

With the available cancer data in Changle, Chinese Americans

in Log Angles and Los Angles whites, the study analyzed age-

standardized incidence and age-standardized mortality of women’s

cancer, including breast [C50], cervical uteri [C53], corpus uteri

[C54], and ovarian [C56] cancers.
Patient and public involvement

Patients or the public were not involved in the design, or

conduct, or reporting, or dissemination plans of our research.
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Statistical analysis

The segi’s standard world population was used to estimate the

age standardized rates of women’s cancers per 100,000 person years,

for all groups. The annual percentage change (APC) and average

annual percent change (AAPC) were used to quantify the trends for

age standardized incidence and age standardized mortality. A

regression model was calculated by Joinpoint Regression Program

4.3.1.0 which was developed by the Statistical Research and

Applications Branch, National Cancer Institute (https://

surveillance.cancer.gov/joinpoint/). The model fitted the natural

logarithm of the age-standardized incidence and age-standardized

mortality. The independent variable is the calendar year. Analysis

starts with the minimum number of joinpoints (i.e., 0 joinpoint,

representing a straight line) and tests for model fit with a maximum

of 2 or 3 joinpoints. R2 was calculated to choose the best fit model

for the joinpoint regression. We also calculated AAPC for each 5-

year interval period as a sensitivity analysis.

The standardized incidence ratio (SIR), a ratio of observed to

expected number of cases, was used to compare the incidence of

women’s cancers among the three populations, using Chinese

Americans as the reference population. The expected number of

cases was calculated by multiplying the number of population in age

(5-year categories) and calendar-specific strata of the Changle

Chinese and Los Angles white women by the incidence rate of

each outcome in the corresponding strata of Chinese Americans.

The ninety-five percent confidence interval (CI) of the SIR was
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calculated based on the Poisson distribution method described by

Vandenbroucke (22), and potential heterogeneity of SIRs by

populations was examined using Chi-Square tests. A p value

<0.05 was considered statistically significant.
Results

The temporal trend of women’s cancer in
Changle district

Tables 1, 2 show the crude incidence rate, the crude mortality

rate, age standardized incidence rate and age standardized mortality

rate by cancer site at the beginning (1988) and end (2015) of the

study period, together with results of Joinpoint analysis for age

standardized incidence and mortality in women, respectively.

Overall, for people in Changle, the age-standardized incidence

of breast, cervical, corpus uteri and ovarian cancers markedly

increased during the study period (Figure 1 and Supplementary

Table 1), with the most obvious increase observed in cervical cancer

(AAPC=10.7, 95%CI=7.5-14.1). For breast cancer, the trend

fluctuated, increasing by 5.6% per year from 1988 to 2004,

declining by 7.7% per year from 2004 to 2008, rising by 13.7%

per year from 2008 to 2011, and stabilizing from 2011 to 2015. The

trend of cervical cancer was divided into two segments, clear

consecutive increasing by 18.3% from 1988 to 2005, and slowly

rising by 1.8% from 2005 to 2015. Whereas, the age standardized
TABLE 1 Crude incidence rates, age standardized incidence and Joinpoint analyses for 1988 through 2015 in Changle.

Site
Year1988-1992 Year 2015 Joinpoint analysis

(1988-2015)

Crude rate (/100 000) Std. Rate (/100 000) Crude rate (/100 000) Std. rate (/100 000) AAPC(95%CI)

Breast 4.60 5.40 20.21 13.93 3.3*(-4.7,12.0)

Cervix 0.90 1.20 12.78 8.59 10.7**(7.5,14.1)

Corpus uteri 2.10 2.50 5.35 3.57 5.1**(1.8,8.6)

Ovary 0.90 0.80 3.86 3.24 5.1**(3.0,7.2)
AAPC, average annual percent change (%); CI, confidence interval; Std. rate, age standardized rate.
*The average annual percent change is significantly different from 0 (two-side p<0.1).
**The average annual percent change is significantly different from 0 (two-side p < 0.05).
TABLE 2 Crude mortality rates, age standardized mortality and Joinpoint analyses for 1988 through 2015 in Changle.

Site

Year1988-1992 Year 2015 Joinpoint analysis (1988-
2015)

Crude rate (/100
000) Std. Rate (/100 000) Crude rate (/100

000) Std. Rate (/100 000) AAPC

Breast 2.80 3.40 5.35 3.55 0.6(-0.6,1.9)

Cervix 0.50 0.70 2.68 1.92 5.1(-1.9,12.7)

Corpus
uteri

1.90 2.40 3.57 2.34 0.7(-15.7,20.3)

Ovary 0.50 0.40 1.78 1.28 3.7(-4.8,12.9)
AAPC, average annual percent change (%); CI, confidence interval; Std. rate, age standardized rate.
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incidence for cancers of the corpus uteri and ovary continued an

upward trend from 1988 to 2015.

From 1988 to 2015, there was no significant change in the

standardized mortality rates for women's cancer (Supplementary

Table 2). In cervical cancer, the trend is divided into three parts,

with age standardized mortality increasing during the study period. On

the contrary, the tendency of the age-standardized mortality of corpus

uteri cancer showed a U-shaped curve, decreasing by 25.5% per year

from 1988 to 2005, and rising by 47.9% per year from 2005 to 2015.
Frontiers in Oncology 0449
As sensitivity analyses, when the maximum number of

joinpoints varied between 2 and 3, majority of the results did not

change. However, the number of connections for the standardized

incidence rate of breast cancer (maximum of joinpoint=2, R2 = 0.70;

maximum of joinpoint=3, R2 = 0.92) and the standardized mortality

rate of cervical cancer (maximum of joinpoint=2, R2 = 0.86;

maximum of joinpoint=3, R2 = 0.74) differed a lot. Therefore, to

make a better fit for the data, the maximum of joinpoint for the

standardized incidence rate was set to 3 and the mortality rate was
FIGURE 1

Trends in cancer incidence and mortality in Changle.
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set to 2. In addition, AAPCs of the four cancers for each 5-year

interval period were also presented in Supplementary Table 3.
The disparities in women’s cancer among
different populations

During the study period (1988-1992 and 2008-2012), the age

standardized incidence of breast, corpus uteri and ovarian cancers

were highest in Los Angeles White, intermediate in Chinese

Americans and lowest in indigenous Changle Chinese

populations, regardless of years (Figures 2, 3). For example, Los

Angeles whites had a significantly 2 times higher risk of breast

cancer from 1988 to 1992 when compared with the Chinese

American population (SIR=2.361, 95% CI 2.286-2.438), whereas

women in Changle had a significantly lower risk of developing

breast cancer, (SIR =0.144, 95% CI 0.078-0.230). In 2008-2012, the

effect size was slightly attenuated with a1.5-fold increased risk in

Los Angeles whites (SIR=1.524, 95% CI 1.478-1.572), and an 80%

reduced risk in Changle (SIR=0.207, 95% CI 0.153-0.269). For

ovarian cancer, the disparities in age standardized incidence were

also statistically significant among the three populations. These

results suggested that over the past 20 years, the incidence of breast

and ovarian cancer among these three populations has trending

closer to each other. For corpus uteri cancer, the incidence rate in

Los Angeles whites was also close to that in Chinese Americans, but

the gap between the incidence rate in Changle residents and

Chinese Americans has slightly widened. However, the difference

is not statistically significant.

Los Angeles Whites had a nearly 40% increased risk of cervical

cancer, compared to that in Chinese Americans in both time

periods (1988-1992: SIR= 1.376, 95% CI 1.250-1.508; 2008-2012:

SIR= 1.404, 95% CI 1.256-1.560). In 1988-1992, even more striking

discrepancies were detected between Changle residents and their

counterparts among Chinese Americans in Los Angeles (SIR=

0.143, 95% CI 0.023-0.366). However, in 2008-2012, the age-

standardized incidence of Changle residents had obviously risen
Frontiers in Oncology 0550
for cervical cancer, with a risk increase of 1.6-fold (SIR= 1.603, 95%

CI 0.130-2.160), compared to the Chinese American population.
Discussion

Key results

Generally speaking, age standardized incidence and mortality

for women’s cancer in Changle have been rising for the majority of

cancers. The few exceptions showed an increase after decrease in

mortality of corpus uteri cancer. For breast, corpus uteri and

ovarian cancers, we found a higher incidence in Los Angeles

Whites than in Chinese Americans, and lower incidence in

Changle residents than in Chinese Americans. We also observed a

changing difference between cervical cancer incidence in Chinese

Americans and the Changle Chinese. Overall the incidence of

women’s cancers among Chinese-Americans is closer to that of

Los Angeles whites. This suggests that changes in lifestyle and living

environment are associated with increased incidence of breast,

cervical,corpus uteri and ovarian cancers.

In general, for women’s cancers, the risk in migrants from China

has reached a medium level between the country of origin and the

country of new residence. Similar patterns of change have been

reported in studies previously limited to other Asian-American

immigrants, such as immigrants from Japan (23), South Korea (24)

and the Philippines (25). In our study, we also showed that Los

Angeles white residents had a significantly higher risk of women’s

cancer than Chinese Americans and Changle Chinese. This result is

supported by other studies showing that cancers of the breast, corpus

uteri, and ovary are more common in high-income countries than in

middle- or low-income countries (26–28).While these disparities

have persisted over period, the gap between the three groups has

narrowed to varying degrees, suggesting a changing of associated

social and environmental factors.

In the current study, we found an increased incidence and

mortality of breast and ovarian cancer in Changle, which was
FIGURE 2

The age-standardized incidences and disparities in women’s cancer in 1988-1992. SIR, standardized incidence rate.
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similar to the trend in other rural areas of China (29, 30). In

addition, the incidence of breast and ovarian cancer increased after

Chinese women migrated to the USA and was closer to that of white

Los Angeles. Although breast and ovarian cancer have a heritability

of 30-40% and BRCA1/2 mutations are well known for both cancers

(31), these results in our study suggested more pronounced effect

from social and environmental risk factors for breast and ovarian

cancers, while genetic factors may have a smaller contribution to

breast and ovarian cancer in Chinese women (32).

The incidence of corpus uteri cancer increased each year during

the study period. Notably, its mortality rate showed a decreasing

trend from 1988-2005, and an increasing trend from 2005-2015, but

not statistically significant. Improvements in treatment techniques

and increased incidence might contribute to this trend in mortality.

Considering the increasing incidence of corpus uteri cancer in

Changle and Chinese Americans approaching to the incidence of

Los Angeles whites, it is reasonable to believe that patterns of corpus

uteri cancer may change as the environment changes.

For cervical cancer, the incidence and mortality rates increased

by an average of 10.7% and 5.1% per year, respectively. The

magnitude of its change is greater than the average level in China

(33). This may be explained by increased HPV exposure,

inadequately compensated for by the benefit from cytological

screening (12). Notably, the incidence rate of cervical cancer

among Changle residents was significantly lower than that of

Chinese Americans from 1988 to 1992, but gradually exceeded

that of Chinese Americans from 2008 to 2012. This changing trend

might not only reflect the prevention and control efforts for cervical

cancer, but also suggest the present and future public health

concern in terms of this cancer in Changle district. A review of

the relevant literature revealed that routine cervical cancer

screening by cervical cytology was introduced in the United States

in 1950 (34) and California launched a universal free cervical cancer

screening program and treatment for precancerous lesions in 2002

(35). As of 2010, the rates of cervical cancer screening completed in

the past three years among whites in the United States and

American Chinese were 83.4% and 71.6% respectively (36). HPV

vaccination has been a priority for cervical cancer prevention in the
Frontiers in Oncology 0651
United States since 2008 (37). However, The free cervical cancer

screening program in Changle district only started in 2012 and has

limited coverage of the population (38). The screening rate of

cervical cancer in China was only 26.7% in 2013 (39). Therefore,

the cervical cancer screening process might play a role in the cancer

incidence trend.

Some limitations of our study should be mentioned here. First,

improvements in medical treatment and cancer registration system,

and the increase in cancer diagnosis rate and reporting rate might

have affected the long-term trend analysis. Second, we don’t have

individual level information on the study participants, which means

it is impossible to accurately link shifts in cancer patterns to specific

environmental changes. Third, there is no information on the

generational (e.g., first, second, or third generation) or

immigration status of Chinese in Los Angeles, which may pose a

comparability problem to some extent. Fourth, time of migration

was not available in the dataset and we did not take into account the

“healthy migration effect”, in which new immigrant populations are

healthier than native populations in their countries of origin and

places of migration, which may introduce bias when comparing

cancer incidence rates between immigrant populations and their

native populations and populations in places of migration.

However, the observed higher risk of cancer in those women who

migrated compared to the native population argued against the

potential healthy migration effect between them. Considering these

limitations, our results should be interpreted with caution.
Conclusions

In summary, in the current study, we analyzed the trend of

women’s cancer incidence in the Changle district, and compared

the incidences of these cancers among Chinese Americans, Los

Angeles whites and Chinese populations in the Changle district.

These results suggest that the risk of women’s cancers in Changle is

increasing year by year and environmental factors might have an

indelible impact on these cancers, thereby providing new insights

into cancer genesis and prevention.
FIGURE 3

The age-standardized incidences and disparities in women’s cancer in 2008-2012. SIR, standardized incidence rate.
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Background: Cervical cancer continues to threaten women’s health worldwide.

Identifying critical oncogenic molecules is important to drug development and

prognosis prediction for patients with cervical cancer. Recent studies have

demonstrated that epiregulin (EREG) is upregulated in various cancer types, which

contributes to cancer progression by triggering the EGFR signaling pathway.

However, the role of EREG is still unclear.

Methods: In this study, we first conducted a comprehensive biological analysis

to investigate the expression of EREG in cervical cancer. Then, we investigated

the correlations between EREG expression level and clinicopathological features.

In addition, we validated the e�ects of EREG expression on the proliferation and

apoptosis of cervical cancer cells.

Results: Based on the public database, we found that the expression of EREG

was higher in advanced cervical cancer samples. Survival analysis showed that

EREG was a risk factor for the prognosis of cervical cancer. In vitro experiments

demonstrated that EREG knockdown undermined proliferation and promoted

apoptosis in cancer cells.

Conclusion: EREG plays a vital role in the progression of cervical cancer, which

contributes to hyperactive cell proliferation and decreased cell apoptosis. It might

be a valuable target for prognosis prediction and drug development for cervical

cancer in the future.

KEYWORDS

EREG, prognosis prediction, biomarker, proliferation, apoptosis, cervical cancer

1. Background

Cervical cancer remains a conundrum for gynecology clinicians and poses a serious

threat to women’s health worldwide (1). It is estimated that cervical cancer leads to 342,000

deaths, accounting for 7.7% of all deaths from malignancies in women (2). Due to human

papillomavirus (HPV) vaccination and the use of cervical cancer screening, the incidence of

cervical cancer in developed countries has been decreasing year by year. However, in low-

income and developing countries, the incidence and mortality rates of cervical cancer are

still high. The number of cervical cancer deaths in these regions accounts for more than 90%
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of global cervical cancer deaths (3). Although the overall survival

of early stage cervical cancer is satisfactory after standardized

treatment, the outcome of patients with locally advanced or

metastatic cervical cancer is still poor (4). At the present stage,

chemotherapy and radiotherapy cannot meet the unmet clinical

needs (5, 6). Meanwhile, the development of novel targeted

agents such as tyrosine kinase inhibitors (TKI), poly (ADP-ribose)

polymerase inhibitors (PARPi), and immune checkpoint inhibitors

has altered the standard treatment paradigm for cancer (7–10).

Identifying key genes or signaling pathways in cervical cancer is

important for risk stratification and drug development.

Hyperactivated epidermal growth factor receptor (EGFR)

signaling has been reported in multiple cancer types, including

but not limited to non-small cell lung cancer (NSCLC), breast

cancer, bladder cancer, and colorectal cancer (11, 12). In addition,

EGFR signaling is a key component driving the initiation and

progression of cervical cancer. The coexistence of HPV infection

and active EGFR signaling has been reported in multiple studies

(13). The E5 protein of HPV could bind to the subunit of the

protein pump ATPase, reduce EGFR degradation, and increase

EGFR expression, eventually promoting the activation of the EGFR

signaling pathway (14, 15). Moreover, the E6 protein of HPV

also increases the expression of EGFR (16). Additionally, the

alteration in the E6/E7 protein of HPV interferes with cervical

cancer cell proliferation by decreasing EGFR stability at the

posttranscriptional level (17). It has been identified that EGFR has

seven ligands: EGF, EREG, amphiregulin (AREG), heparin-binding

EGF-like growth factor (HB-EGF), epigen (EPGN), betacellulin

(BTC), and transforming growth factor-α (TGF-α) (18). After

binding with ligands, EGFR triggers the phosphorylation of

downstream pathways, such as MAPK, PI3K-AKT, JAK-STAT, and

PLCγ1-PKC pathways, mainly supporting cancer cell survival and

proliferation (19).

As the ligand of EGFR, EREG is commonly upregulated

in cancer types, such as non-small cell lung cancer, breast

cancer, gastric cancer, head and neck cancer, ovarian cancer,

colorectal cancer, brain cancer, and bladder cancer (20). The

EREG–EGFR axis participates in tumor progression by regulating

several biological functions, including cell survival, proliferation,

migration, and angiogenesis (21). In NSCLC, increased EREG

is robustly associated with aggressive tumor phenotypes and

poor outcomes (22, 23). Similarly, in gastric cancer and

colorectal cancer, upregulated EREG also predicts the shorter

survival of patients (24, 25). Generally, EREG is an unfavorable

factor for the outcomes of patients with tumors. However,

there are still rare studies investigating the role of EREG in

cervical cancer.

Abbreviations: EREG, epiregulin; HPV, human papillomavirus; TKI, tyrosine

kinase inhibitor; PARPi, poly (ADP-ribose) polymerase inhibitor; EGFR,

epidermal growth factor receptor; AREG, amphiregulin; HBEGF, heparin-

binding EGF-like growth factor; EPGN, epigen; BTC, betacellulin; TGF-α,

transforming growth factor-α; TCGA, The Cancer Genome Atlas; GTEx,

Genotype Tissue-Expression; GO, The Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genomes; DMEM, Dulbecco’s Modified Eagle

Medium; FBS, fetal bovine serum;CCK8, Counting Kit-8;OD value, the optical

density value.

In this study, we calculated the correlations between EREG

expression and clinical-pathological characteristics and prognosis

of patients with cervical cancer. Moreover, we measured the

effects of EREG knockdown on the proliferation and apoptosis of

cervical cancer cells. Collectively, we showed that EREG might be

a promising prediction biomarker and treatment target for cervical

cancer in the future.

2. Materials and methods

2.1. Data available source

All expression profiles and clinicopathological parameters were

obtained from The Cancer Genome Atlas (TCGA) and TCGA

TARGET GTEx, a combined cohort of TCGA, TARGET, and

Genotype Tissue-Expression (GTEx) databases, and downloaded

from the UCSC website (https://xenabrowser.net/). The web

addresses of online websites and online analysis tools are presented

in the context.

2.2. Expression level analysis

The expression level of EREG in 44 different types of cancer was

collected. The survival data were extracted from a previous follow-

up study (26). Samples with a follow-up duration of <30 days were

excluded. Cancer types with <10 cases were omitted. Log2 (x +

0.001) transformation was performed for each expression value.

Coxph function of R package survival (version 3.2-7) was used

to establish a Cox proportional hazards regression model, and a

forest map was conducted. The correlation between expression and

clinicopathological parameters was calculated and analyzed using

the online tool Kaplan-Meier Plotter (http://kmplot.com/analysis/)

and the GraphPad Prism software (version 8.0).

2.3. Functional enrichment analysis and
correlation analysis

The RNA-seq data were derived from the

TCGA.CESC.SampleMap HiSeqV2 dataset and downloaded

from http://xena.ucsc.edu/. Genes with a correlation coefficient R

> 0.3 were identified as EREG-related members. The online tool

Database for Annotation, Visualization, and Integrated Discovery

(DAVID) (https://david.ncifcrf.gov/) was used for enrichment

analysis. The Gene Ontology (GO) and the Kyoto Encyclopedia of

Genes and Genomes (KEGG) were adopted in enrichment analysis.

2.4. Protein interaction analysis

A protein interaction network analysis was employed to

investigate EREG-associated proteins. The online tool STRINGwas

used in protein interaction network analysis (https://cn.string-db.

org/).
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2.5. RNA methylation analysis

A uniformly normalized Pan-Cancer online dataset TCGA-

TARGET-GTEx derived from the UCSC (https://xenabrowser.

net/) database was downloaded. Subsequently, we extracted the

EREG and 44 marker genes of three types of RNA modifications.

The primary solid tumor, primary tumor, primary blood-derived

cancer bone marrow, and primary blood-derived cancer peripheral

blood samples were collected and analyzed, while normal samples

were excluded from the analysis. Then, further log2 (x + 0.001)

transformation was performed for the expression matrix. Finally,

Pearson correlations for RNA methylation modification marker

genes and EREG were calculated.

2.6. Immune-associated analysis

The correlation between EREG expression and

immunoregulatory genes was investigated using the SangerBox

online platform (http://sangerbox.com/tool.html). Ultimately, the

Pearson correlations between EREG and five immune pathway

marker genes were calculated. In addition, the TIMER online

platform (http://timer.comp-genomics.org/) was adopted to

explore the relationship between EREG and immune cells in

cervical cancer.

2.7. Cell culture

SiHa (cervical squamous cancer cell line) and Caski (omentum-

metastasized cervical cancer cell line) were purchased from the

American Type Culture Collection (ATCC, Manassas, VA, USA)

and maintained at the Second Affiliated Hospital, School of

Medicine, Zhejiang University Laboratory (Hangzhou, China).

SiHa cells were cultured with Dulbecco’s Modified Eagle Medium

(DMEM), and Caski were cultured in RPMI 1640 containing a

concentration of 10% fetal bovine serum (FBS). All of the cells were

cultured in the incubator with 5% CO2 at a temperature of 37◦C.

2.8. RNA interference

The small interference RNA (siRNA) was structured

by Guangzhou RiboBio. The interference RNA sequences

were as follows: siEREG#1 (CCACCAACCTTTAAGCAAA),

siEREG#2 (GCATCTATCTGGTGGACAT), and

siEREG#3 (GGCTCAAGTGTCAATAACA).

2.9. Quantitative analysis with RT-PCR

The sample was disrupted and solubilized using Trizol

(Takara Bio.). Then trichloromethane was used to extract the

RNA. The aqueous phase containing total RNA was further

purified by isopropanol and ethanol. The resulting product

was resolved by 0.1% DEPC, and residual DNA was wiped

off with a gDNA wiper (a component of HiScript III RT

SuperMix). SamplemRNAwas reverse-transcribed into cDNAwith

HiScript III RT SuperMix for qPCR (Vazyme, Nanjing, China).

Then, cDNA was quantitatively analyzed by RT-PCR using an

iTaqTM Universal SYBR Green Supermix (Bio-Rad, #1725125)

and a 7,500 real-time PCR instrument (Applied Biosystems).

The primer sequences used are as follows: GAPDH Forward

Primer, 5′-TGTGGGCATCAATGGATTTGG-3′; Reverse Primer,

5′-ACACCATGTATTCCGGGTCAAT-3′; EREG Forward Primer,

5′-GTGATTCCATCATGTATCCCAGG-3′; and EREG Reverse

Primer, 5′-GCCATTCATGTCAGAGCTACACT-3′.

2.10. Cell counting kit-8 and clone
formation assay

The 96-well plate was seeded with 2,500 cervical cancer cells

per well. Using the Cell Counting Kit-8, the optical density value

(OD value) at 450 nm wavelength, reflecting the vitality of the cells,

was discovered after being treated for 48 h (DOJINDO). Utilizing

GraphPad Prism 8, data analysis for the cell viability experiments

was carried out (San Diego, CA). Data were fitted using the

four-parameter logistic equation to derive the log (concentration)-

response curves (for IC50 values). In a 12-well plate, 1,000 cells,

after transfected with siRNA for 24 h, were put into each well. The

clonal cell aggregation was given medication or a new medium

after being grown for 48 h. siRNA was transfected into the cell

aggregation at 7 days again for guaranteeing the effect of RNA

interference. The cultured plate was then collected after 7 days,

and the clones were dyed with crystal violet. The stained clonal

cell aggregation was processed and analyzed using ImageJ software.

Statistical differences were analyzed using Student’s t-test, and a

P-value of <0.05 was considered significant.

2.11. Cell apoptosis assay

The cells were collected after being treated for 24 h. The

AnnexinV-FITC/PI Apoptosis Detection Kit (BD556547) was

subsequently used to dye the cells, and a flow cytometry device

(Beckman) was used to measure the cell apoptosis rate. In

each sample, three accessory wells were present. The apoptosis

rate differences across groups were compared pairwise by an

unpaired t-test, and a P-value of <0.05 was regarded as statistically

significant. The flow cytometry data were analyzed using the FlowJo

V software.

2.12. Statistical analysis

Data in this study were all statistically processed and analyzed

using GraphPad 8.0 software, and all data were presented as “mean

± standard deviation” (x ± SD) with at least three independent

repeated experiments. The independent sample t-test method was

used to compare the control group and experimental group.

The chi-square test was used to compare the ratio’s statistical
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significance. A P-value of <0.05 was considered statistically

significant. The Pearson correlation analysis was used to analyze

the correlation between the two genes.

3. Results

3.1. The clinical significance of EREG in
cervical cancer

The standardized datasets and prognostic outcomes (overall

survival) were collected. An increased level of EREG was a

risk prognostic factor in the following types of cancer: glioma,

adrenocortical carcinoma, kidney renal clear cell carcinoma,

cervical cancer, pancreatic adenocarcinoma, Pan-kidney cohort,

lung adenocarcinoma, bladder urothelial carcinoma, glioblastoma

multiforme, acute lymphoblastic leukemia, lung squamous

cell carcinoma, and liver hepatocellular carcinoma (Figure 1A;

Supplementary Table 1). Using the Kaplan-Meier Plotter curve

[Kaplan-Meier Plotter (kmplot.com)], we investigated the

relationship between survival data (overall survival and relapse-

free survival) and the EREG expression condition of cervical cancer

(Figure 1B). The findings revealed that EREG overexpression was

associated with a poor prognosis in patients with cervical cancer.

Furthermore, we investigated the relationship between the EREG

expression condition of patients with cervical cancer and clinical

significance, including stage status and T status. The clinical stage

analysis showed that EREG expression was increased in Stages 3–4

and T3–4 tumors rather than in the early stage (Figures 2A, B).

It also showed that increased EREG expression resulted in worse

clinical outcomes in cervical cancer.

3.2. Functional analysis and correlation
analysis of EREG in cervical cancer

Enrichment analyses of the KEGG and GO pathways were

performed using the DAVID online platform. The findings

suggested that EREG may play a role in a number of cancer-

related molecular pathways, including those involving the EGFR

biological process, the extracellularmatrix structure, the interaction

between cytokines and their receptors, and the PI3K-AKT,

JAK-STAT, MAPK, and NK-B intracellular biological processes

(Figures 3, 4A–C). Besides, protein interaction network analysis

showed that the EREG could interact with or combine with the

RAS family (H-Ras and K-Ras) and the ERBB family (ERBB2,

ERBB3, and ERBB4), as well as its receptor EGFR (Figure 4D). In

addition, genetic alteration analysis was carried out to investigate

the underlying mutation-derived biological process alternatives.

The findings revealed that cervical cancer tissue with a higher

EREG level had higher mutative frequencies of HECTD4, NBAS,

THSD7A, BRCA2, CENPE, VWF, STK11, NBEAL2, STAB1,

DMXL1, GOLGA4, GANAB, and KIAA1549. Meanwhile, the

cervical cancer tissue with a lower level of EREG just harbored

higher mutative frequencies of KNTC1 and RTL1 (Figure 5A).

Furthermore, the RNA modification analysis revealed that EREG

expression was significantly correlated with the RNA methylation

modification reader genes, including m1A reader (YTHDF1,

YTHDF2, YTHDF3, and YTHDC1), m5C reader (ALYREF),

and m6A reader (YTHDF1, YTHDF2, YTHDF3, YTHDC1,

YTHDC2, and HNRNPA2B1) (Figure 5B). The aforementioned

results delineate a potential biological process that, through RNA

methylation regulation, EREG triggered various signaling factors

dysregulation. The aforementioned factors collectively caused

adverse prognostic events in cervical cancer.

3.3. Immune-associated analysis of EREG in
cervical cancer

Epiregulin was positively correlated with most chemokines,

such as CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL8, and

CCL20, inmost types of cancer, including cervical cancer. However,

it was negatively correlated with some kinds of chemotactic

cytokines, such as CXCL14, CCL14, CXCL17, and CX3CL1. The

prognostic analysis showed that the overall survival of CXCL1,

CXCL2, CXCL3, CLCL6, CXCL8, and CCL20 were all risk factors

in cervical cancer, with the hazard ratios of 2.29 (p= 0.00072), 2.41

(p = 0.00016), 2.41 (p = 0.00021), 2.29 (p = 0.00034), 1.61 (p =

0.045), 2.97 (p = 1.2e-5), and 2.02 (p = 0.0071), respectively. In

contrast, CXCL14, CCL14, CXCL17, and CX3CL1 were favorable

factors, whose hazard ratios were 0.41 (p = 0.00017), 0.67 (p =

0.12), 0.61 (p = 0.0397), and 0.46 (p = 0.00095). A lot of studies

have illustrated that the expression of chemokines in cervical

cancer could result in different tumoral biological effects that

strikingly affect the outcomes of patients (27–31). The results of

the analysis showed that the expression of EREG was commonly

positive relative to the adverse chemokine clusters. Besides, EREG

was related to immunostimulator pathway genes rather than

immunosuppressor genes (Figure 6A; Supplementary Figure 1).

Furthermore, the TIMER analysis showed the relationship

between EREG and immune cells. HPV-positive head and neck

squamous cancer, which was considered to share the same

etiology and pathology as cervical cancer, was also presented

to explore the potential immune-associated mechanisms. The

TIMER analysis suggested that the expression of EREG seemed

negative relative to the infiltration level of most types of

immune cells, including B lymphocytes, CD8+ T cells, CD4+

T cells, macrophages, neutrophil cells, and dendritic cells,

both in cervical cancer and head and neck squamous cancer

(Figures 6B, C). The results indicated that EREG might diminish

the immune cell infiltration in the tumor microenvironment.

Additionally, head and neck squamous cancer also shared the same

immune regulation characteristics with cervical cancer (Figure 6A;

Supplementary Figure 1), which indicated that the HPV infection

might interact with EREG and together lead to cancer immune

regulation dysfunction. The contradiction between the immune

regulation gene analysis and immune cell infiltration analysis of

EREG in cervical cancer reflected the dual character of immune

regulation. However, more investigation into how EREG plays

a role in the tumor immune microenvironment is needed, both

in vivo and in vitro.
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FIGURE 1

Prognosis analysis of EREG in Pan-Cancer and patients with cervical cancer. (A) The forest map delineated the relationship between EREG expression

and overall survival in 44 types of cancer. The cancer codes and corresponding full terms are listed in Supplementary Table 1. (B) The overall survival

and relapse-free survival of EREG in patients with cervical squamous cell carcinoma and endocervical adenocarcinoma were presented by

Kaplan–Meier Plotter (http://kmplot.com/analysis/).
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FIGURE 2

Clinical feature analysis of EREG in Pan-Cancer and patients with cervical cancer. (A) The relationship between EREG expression and clinical features

(clinical stage and T stage) in Pan-Cancer. (B) The relationship between EREG expression and clinical features in cervical cancer. “*” represented

p < 0.05, indicated statistically significant.

Frontiers inMedicine 06 frontiersin.org59

https://doi.org/10.3389/fmed.2023.1161835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Li et al. 10.3389/fmed.2023.1161835

FIGURE 3

KEGG pathway enrichment analysis of EREG-correlated genes. The bubble diagram shows the enriched KEGG pathway terms for the genes

correlated with EREG in the TCGA CESC dataset. The size of the bubble represents the number of associated genes included in the term. The shade

of the color represents the FDR (false discovery rates).

3.4. Knockdown of EREG undermined the
proliferation of cervical cancer

siRNA was used to downregulate the expression of EREG

in SiHa and CaSki, and the most effective siEREG#1 was

selected for further experiments (Figure 7A). EGFR, which

is robustly associated with EREG, is a crucial biological

factor in cell proliferation. Therefore, it is apparent to

detect the proliferation of cervical cancer with different

EREG expression statuses. The proliferation assay using

CCK8 showed that the knockdown of EREG could impede

cervical cancer cell proliferation (Figure 7B). Additionally,

the clone formation assay confirmed the phenomenon

(Figures 7E, G, H).
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FIGURE 4

GO enrichment of EREG-correlated genes and protein interaction analysis of EREG. The bubble diagrams show the GO_BP (biological process) (A),

GO_CC (cellular component) (B), and GO_MF (molecular function) pathway terms (C) of the genes correlated with EREG in the TCGA CESC dataset,

respectively. The size of the bubble represents the number of associated genes included in the term. The shade of the color represents the FDR (false

discovery rates). (D) Protein interaction network sketch map in STRING [STRING: functional protein association networks (string-db.org)]. The center

of the map was EREG, and the periphery sphere represents the proteins predicted to interact with EREG.

3.5. Knockdown of EREG-induced
apoptosis in cervical cancer

Using the pathway enrichment analysis and protein interaction

of EREG (Figures 3, 4), multiple signaling factors were identified.

Therein, EREG/Ras was a potential protein interaction (Figure 4D).

It was reported that the downregulation of the EREG/Ras

pathway could induce cell cycle arrest and finally trigger apoptosis

in hepatoma cells (32). Therefore, the apoptosis analysis was

undertaken to detect the apoptosis rate of cervical cancer cells

with different EREG expression levels. The results verified the

putative EREG pathway and indicated the cervical cancer cells

would trend to apoptosis when the EREG declined (Figures 8A, B,

E, F, I, J).
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FIGURE 5

Genetic alteration analysis and RNA methylation analysis of EREG in cervical cancer. (A) The waterfall plot represents the genetic mutation

discrepancies in a di�erent expression of EREG in cervical cancer. The annotations in parentheses behind the gene symbol represent the p-value of

the mutation discrepancy. (B) The map represents the relationship between EREG expression and the distribution of crucial RNA methylation

modification genes. “*” represented p < 0.05, which indicated statistical significance.
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FIGURE 6

Immune-associated analysis of EREG in Pan-Cancer, cervical cancer, and HPV positive head and neck squamous cell cancer. (A) The map represents

the relationship between EREG expression and the expression of immune regulatory genes. The types of genes were divided into chemokine,

receptor, immunoinhibitory, and immunostimulator. (B) The correlation between immunocyte infiltration and expression of EREG in Pan-Cancer. (C)

The correlation between immunocyte infiltration and expression of EREG in cervical cancer and HPV-positive head and neck squamous cell cancer.

“*” represents p < 0.05, “**” represents p < 0.01, “***” represents p < 0.001, and “****” represents p < 0.0001.

3.6. Knockdown of EREG-sensitized
cervical cancer to cisplatin

Since EREG downregulation could trigger cervical cancer

apoptosis, it is logical that declining EREG could be a promising

therapy for cervical cancer. However, the single gene’s interference

usually makes no difference because of the compensation of

other signaling pathways (33). As is well known, cisplatin is the

canonical chemotherapy for cervical cancer. Therefore, to further

explore the effect variation of cisplatin on cervical cancer cells
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FIGURE 7

The alterations in biological behavior when EREG was knocked down in cervical cancer. (A) Real-time PCR was used to detect mRNA levels in SiHa

and CaSki cells transfected with siEREG at 48h. (B) The CCK8 cell viability curve was used to detect the proliferation of cervical cancer cells with

di�erent EREG expression levels. The CCK8 cell viability curve was used to detect the relative cell viability of SiHa (C) and CaSki cells (D) transfected

with siEREG at di�erent cisplatin concentration gradients after 48h. (E) The clone formation of SiHa and CaSki transfected with siEREG. (F) The clone

formation of SiHa and CaSki transfected with siEREG was followed by cisplatin treatment for 48h. Histogram meant the relative clone particle

numbers of SiHa (G) and CaSki (H) with or without cisplatin treatment. “*” represents p < 0.05, “**” represents p < 0.01, “***” represents p < 0.001,

and “****” represents p < 0.0001.
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FIGURE 8

The changes in apoptosis when EREG was knocked down in cervical cancer cells with or without cisplatin treatment. Flow cytometry showed the

apoptosis rate of SiHa cells after siRNA transfection, followed by treatment with 10µM cisplatin (C, D) or not (A, B) for 48h. Flow cytometry exhibited

the apoptosis rate of CaSki cells after siRNA transfection, followed by treatment with 5µM cisplatin (G, H) or not (E, F) for 48h. The histogram showed

the apoptosis rate of SiHa (I) and CaSki (J) with di�erent treatments. “*” represents p < 0.05, “**” represents p < 0.01, and “***” represents p < 0.001.
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TABLE 1 The four-parameter logistic equation of GraphPad Prism was

used to determine the IC50 of cisplatin for each type of cervical cancer

cell, taking into account their divergent EREG expression.

Cisplatin concentration of IC50 (95%
confidence interval) (µM)

SiHa-NC 12.9 (10.57–17.10)

SiHa-siEREG 6.395 (5.255–8.168)

CaSki-NC 5.011 (4.406–5.754)

CaSki-siEREG 3.123 (2.770–3.523)

as the expression of EREG is downregulated, the CCK8 cell

viability assay was conducted (Figures 7C, D). Both SiHa and

CaSki with downregulated EREG displayed more vulnerability to

cisplatin than the negative control ones through IC50 value analysis

(Table 1). Meanwhile, the number of clone formation particles in

cervical cancer cells with EREG knocked down was robustly less

than the negative control ones following the cisplatin treatment

(Figures 7F–H). Furthermore, the apoptosis rate of cervical cancer

cells with EREG downregulated was significantly higher than the

negative control ones in the treatment with cisplatin (Figures 8C,

D, G, H–J). The results suggested that the knockdown of EREG

could induce the sensibilization of cervical cancer on cisplatin and

indicated a promising synergistic therapeutic regimen of cisplatin

and EREG inhibitors.

4. Discussion

As a well-established protumorigenic signaling pathway, EGFR

is frequently mutated in various types of cancer. EGFR drives

tumorigenesis by enhancing pro-survival, antiapoptotic responses,

proliferation, migration, invasion, angiogenesis, and vascular

mimicry (34–36). Moreover, hyperactivated EGFR signaling leads

to the upregulation of stemness markers, including Oct4, Nanog,

CD44, and CXCR4. Upon binding with its ligands, such as EREG,

the conformation of the tyrosine kinase domain of EGFR is

altered, triggering autophosphorylation and intracellular signaling

cascades. Besides acting as a cell surface receptor, EGFR could

locate in the nucleus and function as a co-transcriptional activator

or nuclear kinase (nuclear EGFR, also termed nEGFR). It has

been validated that nEGFR promotes the expression of multiple

oncogenes, such as Cyclin D1, AurkA, c-Myc, and BCRP/ABCG2

(19). Additionally, nEGFR contributes to the resistance to

chemotherapy, radiotherapy, and EGFR-targeting therapy (37–40).

Nowadays, EGFR tyrosine kinase inhibitors, such as gefitinib and

erlotinib, have been widely used in the clinic (41).

Epiregulin is the ligand of EGFR, eliciting a variety of

biological functions mainly through EGFR-mediated tyrosine

kinase activity. In the tumor microenvironment, autocrine and

paracrine EREG activates the downstream pathways of EGFR to

promote tumorigenesis (20). In a COX2-overexpressed bladder

cancer model, EREG is identified as the most highly expressed EGF,

supporting tumor cell proliferation (42). EREG promotes motility

capability by activating MAPK and PI3K-AKT pathways in salivary

adenoid cystic carcinoma cells (43). In head and neck squamous cell

carcinoma, EREG enhancesmalignant transformation by activating

the MAPK pathway and inducing C-Myc expression (44). Notably,

fibroblast-derived EREG could support the growth of the colitis-

associated neoplasm by activating the MAPK pathway in intestinal

epithelial cells (45). In parallel, EREG/RAS dual knockdown leads

to cycle arrest and retards liver cancer growth by regulatingMAPK,

PI3K-AKT, and Rb pathways (32). Although EREG expression

has no significant relationship to clinicopathological features in

gastric cancer, a high EREG level is an independent predictor of

poor clinical outcomes for patients receiving curative surgery (46).

However, there are rare studies estimating the role of EREG in

cervical cancer.

In the present study, we found that high EREG expression was

associated with the poor survival of patients with cervical cancer.

In addition, EREG expression was increased in Stages T3–4 and 3–

4 tumors. Enrichment analysis demonstrated that EREG was highly

associated with cytokine–cytokine receptor interaction, PI3K-AKT

signaling, TNF signaling, JAK-STAT signaling, MAPK signaling,

and NK-κB signaling. Notably, EREG was also related to HPV

infection. As mentioned earlier, HPV infection could trigger the

EGFR pathway by upregulating EGFR expression. EREG, as well,

plays an important role in tumoral immune regulation. It was found

to be increased in myeloid cells across the progression of cancer

(47). In this study, EREG was also found to take part in the negative

immune regulation, mainly via chemokine processes and probably

impeding immune cell infiltration, through which EREG eventually

resulted in the adverse clinical event. Besides, in vitro experiments

indicated that EREG knockdown limited cell proliferation and

promoted cell apoptosis. Moreover, EREG knockdown relieved the

resistance to cisplatin in cervical cancer cells. In conclusion, our

data showed that EREG functioned as a driving factor in cervical

cancer progression and contributed to chemotherapy resistance.

However, the mechanistic investigation of how EREG contributed

to the phenotype was limited, while EREG was considered to act

through nEGFR and downstream pathways. A further mechanistic

investigation was needed. In conclusion, it is logical that targeting

EREG could be a potential strategy for cervical cancer treatment.

5. Conclusion

Collectively, high EREG expression predicts poor prognostic

outcomes for patients with cervical cancer. EREG knockdown

impairs proliferation and promotes apoptosis of cervical cancer

cells. EREG would be a promising target for risk classification and

drug development for patients with cervical cancer.
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Purpose: Studies have reported that breast cancer (BC) patients’ circulating

tumor cells (CTCs) have varying results for their diagnostic role. Thus, we

conducted a meta-analysis to systematically assess the accuracy of CTCs in

the diagnosis of BC.

Methods: A meta-analysis was conducted to evaluate the overall accuracy of

CTC detection. A pooled analysis of sensitivity (SEN), specificity (SPE), positive

likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic advantage

ratio (DOR) was used to measure diagnostic accuracy. In addition, the area under

the summary receiver operating characteristic curve (AUC) was used to

discriminate BC from non-BC. An analysis of the threshold effect was

calculated using the Spearman correlation coefficient. We calculated the Q

and I2 statistics to determine whether the studies were heterogeneous.

Sensitivity analysis was performed by removing studies one by one. Publication

bias was assessed by Deeks’ funnel plot asymmetry test.

Results: Studies from the PubMed, Cochrane Library, Embase, Web of Science,

Wanfang, Vip, and CNKI databases were collected for diagnosing BC from January

2000 to April March 2023. Finally, 8 publications were retrieved in total containing

2014 cases involved in the study. Based on a random-effects model, it was found

that the pooled SENwas 0.69 (0.55 - 0.80), SPEwas 0.93 (0.60 - 0.99), PLRwas 9.5

(1.4 - 65.9), NLR was 0.33 (0.23 - 0.48), DOR was 29 (4 - 205) and the AUC of the

summary receiver operating characteristic (SROC) curve was 0.81 (0.77 - 0.84).

Some heterogeneity was found in the article, but there was no threshold effect to

account for it (P = 0.27). Deek’s funnel plot asymmetry test indicated that no

publication bias was observed in this meta-analysis (P = 0.52).

Conclusion: The results of this meta-analysis confirmed that CTCs were an

important component of noninvasive methods of confirming BC with SEN of

0.69 (0.55 - 0.80), SPE of 0.93 (0.60 - 0.99) and AUC of 0.81 (0.77 - 0.84).
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Background

Among women, BC is the most prevalent cancer and is influenced

by lifestyle factors, hormonal factors, reproductive factors, and

iatrogenic factors. Furthermore, recent data from 185 countries

reported 2.3 million new cases (more than 10% of all cancers) of

breast cancer and a mortality rate of 6.9%, and BC ranked the second

leading cause of death from cancer among women globally (1, 2).

During the past few decades, the morbidity of BC has continued to

increase around the world (3). Furthermore, a study showed a

significant increase in breast cancer mortality rate in low-income

regions, while the decreasing rate mostly belongs to Western Europe,

with 37.57 in 1990 to 36.00 in 2015 (4). Due to advances in screening

methods and breakthroughs in early diagnosis and treatment, BC

survival rates have improved. The conventional diagnostic

methodologies of BC include breast biopsy, which is regarded as the

gold standard, and imaging methods without high sensitivity to detect

BC in the early stage (5). In addition, molecular markers, including

CA15-3 and CEA, are common markers for monitoring and follow-up

of patients by testing BC patient blood samples, but they have low SEN

and SPE (6–8). Thus, it was not suitable for the detection of BC. To

improve BC cure rates and reduce BC mortality, early diagnosis

remains essential. Thus, it is necessary to explore a new test with

high SEN and SPE to diagnose BC in the early stage. Recently, a hot

research topic about tumors has been the clinical application of CTCs.

CTCs, a subset of tumor cells that circulate within the body due to

tumor tissue instability or external physical stimulation, participate in

the body’s circulation and then integrate into the peripheral blood

circulation (9, 10). The Fourth Edition of the National Comprehensive

Cancer Network (NCCN) guidelines has added a new M0 (i+)

category, which is defined as “no clinical or radiographic evidence of

distant metastases, but the presence of detected tumor cells in the

circulation fluids” (11). In addition, CTCs have demonstrated efficacy

in the screening of malignant cancers such as prostate, lung, and

colorectal cancers (9). In a recent study, CTCs were found to be 76.56%

sensitive and 95.4% specific for diagnosing breast cancer using the

CytoSorter® (12). Nonetheless, several studies have been conducted on

CTCs to diagnose BC with varied results by testing peripheral blood. In

addition, current studies have shown that CTC detection positive rates

(≥ 1 CTC/7.5 ml) range from 11%~54% for early breast cancer, while

≥1 CTC can be detected in approximately 70% of stage IV BC patients.

Thus, a meta-analysis was performed to determine whether CTCs are

particularly useful as a diagnostic tool in patients with BC.
Methods

This study was conducted according to the Preferred Reporting

Items for Systematic Reviews and Meta-analyses (PRISMA)

guidelines (13).
Literature search

We conducted a comprehensive computer literature search of

abstracts from human studies to identify articles about the
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effectiveness of CTC tests for diagnosing BC by two independent

individuals (Tao Jin and Yao Chen). Electronic databases such as

PubMed, Embase, Cochrane Library,Web of Science, Wanfang, CNKI,

and Vip were used with the following search terms: “CTCs”,

“circulating tumor cells”, “breast cancer”, “breast carcinoma”,

“accuracy”, “sensitivity and specificity”, from January 2000 to March

2023, without language limitation. We manually searched references in

the included literature to identify studies that met our eligibility criteria,

and gray literature was also included in the study.
Literature eligibility

The included studies were screened according to the following

criteria: (1) Type of trial: studies applying the method of detecting

CTCs to diagnose breast cancer; (2) Diagnostic gold standard:

histopathological examination or biopsy results; (3) The literature

should include sufficient study data including true positive (TP), false

positive (FP), true negative (TN), false negative (FN); (4) patients

without other malignant tumors; (5) we chose the article with the most

detail or the most recent when more than one article presented the

same data or subset of data. Exclusion criteria were (1) insufficient

information in the literature to obtain complete diagnostic data from

the full text of the literature and (2) reports on cases, reviews, letters,

single-arm trials, editorials, and duplicate studies.
Data extraction and quality assessment

Two independent researchers (Tao Jin and Yao Chen) reviewed

all studies. Disagreements between researchers were resolved

through discussion and consensus. In the case of disputes, an

independent third researcher was responsible for resolving

disagreements. The main data information included author, year

of publication, country, tumor stage, isolation enrichment method,

assay identification method, CTC cutoff, TP, FP, FN, and TN. Data

for results not directly reported were derived from estimates of SEN

and SPE, along with positive and negative predictive values.

Primary outcome measures were pooled estimates of SEN and

SPE. Evaluation of the quality of the included literature was

carefully conducted using the Quality Assessment of Diagnostic

Accuracy Studies-2 (QUADAS-2) (14) by two independent

reviewers. The inconsistent evaluation was decided by discussion.
Statistical analysis

The diagnostic accuracy of CTC detection in BC was determined

using Stata (version 15.0). Pooled analysis of SEN, SPE, PLR, NLR, and

DOR and the corresponding 95% confidence interval (CI) was used to

evaluate diagnostic accuracy. The SROC was performed using a

bivariate regression approach to identify abnormal examinations that

resulted in the expected trade-off between SEN and SPE. In addition,

the AUC can summarize the inherent capacity of a test for

discriminating BC from non-BC. The threshold effect was analyzed

using Spearman correlation coefficients in the heterogeneity analysis.

The heterogeneity of the studies was evaluated by the Q test and I2
frontiersin.org

https://doi.org/10.3389/fonc.2023.1103146
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jin et al. 10.3389/fonc.2023.1103146
statistics. I2 values ≥50% indicated substantial heterogeneity;

additionally, we considered the difference to be statistically significant

at P < 0.05. Sensitivity analysis was performed by a one-by-one

exclusion method to determine whether the hypothesis had a

significant effect on the results. Deeks’ funnel plot asymmetry was

used to assess publication bias, and a significance level of P < 0.05 was

considered significant.
Results

Literature search results

A total of 3225 pieces of literature were retrieved through

electronic databases. After excluding duplicates and irrelevant

studies, we carefully and independently reviewed the titles and

abstracts. Finally, eight studies (12, 15–21), including 2014 cases,

met the requirements through careful screening by two

independent researchers after reading the full text in detail. The

flow diagram in Figure 1 illustrates the process of searching for

eligible studies.
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Basic characteristics and quality
assessment

A summary of the basic characteristics of the included studies is

provided in Table 1. All patients were diagnosed with stage I to IV

disease. Seven studies were from Asia, and one study was from

Western countries. Four, three, and one articles set the CTC cutoff

as 2, 1, and 1.5, respectively. The enrichment methods of CTCs

included negative enrichment, density gradient centrifugation,

CytoSorter, immunomagnetic bead, and CellSearch. Most of the

articles used imFISH to identify CTCs. Table 2 presents the results

of the QUADAS-2 assessment. Patient selection and index tests

accounted for the majority of bias risks.
Accuracy of CTCs in the diagnosis of BC

The overall accuracy of CTCs in diagnosing BC was as follows:

SEN, 0.69 (0.55 - 0.80); SPE, 0.93 (0.60 - 0.99) (Figure 2); PLR, 9.5

(1.4 - 65.9); NLR, 0.33 (0.23 - 0.48); and DOR, 29 (4 - 205). Figure 3

shows the SROC plot with a 95% CI. The AUC for BC was 0.81
FIGURE 1

A flow chart of the search and selection of relevant studies.
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(0.77 - 0.84). The percentage of heterogeneity caused by the

threshold effect was 0.27, while the coefficient of correlation in

the mixed model was -0.52, which meant no significant influence of

the threshold effect. Figure 4 presents the Fagan plot, showing that

the prior-test probability of BC was 50%. Furthermore, the posttest

probability of BC, given a negative result, was 25%, while 91% had a

positive result for CTC detection in this meta-analysis. Deek’s

funnel plot asymmetry test demonstrated that the slope

coefficient P value was 0.52, suggesting that there was no

significant publication bias (Figure 5). Sensitivity analysis

(Table 3) showed a slight change when removing articles one by

one, indicating that the results were robust.
Discussion

Breast ultrasound and mammography are currently the main

methods for screening BC, but with low SEN, they are easily

influenced by breast density, and the incidence of false negatives

and false positives is high (22). Serological markers such as

carbohydrate antigen CA153 and carcinoembryonic antigen
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(CEA) have the characteristics of noninvasiveness, nonradiation,

and low price but still have low SEN and SPE. Thus, they are not

suitable for the early diagnosis of BC (23). CTCs are cancer cells that

contain unique biomarkers and are commonly found in blood

samples from individuals with solid tumors but often not in

healthy populations. The prognostic relevance of CTCs in many

types of metastatic cancer has already been demonstrated (24–26).

According to the eighth AJCC cancer staging manual, BC patients

with CTCs are at a greater risk for poor outcomes (27). In recent

years, CTC detection has been proven to be helpful in the diagnosis

of lung cancer (28), bladder cancer, urothelial cancer (29),

pancreatic cancer (30), and so on. Furthermore, CTCs in

peripheral blood have been used to diagnose BC in a limited

number of studies, with varying results. Consequently, we

conducted the first meta-analysis to assess the diagnostic value of

CTC detection in the peripheral blood of BC patients.

The results of the study, including 2014 individuals from 8

diagnostic accuracy studies, proved that CTCs had high clinical

utility in the diagnosis of breast cancer, with a pooled SEN of 0.69

(0.55-0.80), a pooled SPE of 0.93 (0.60-0.99), a pooled LNR of 9.5

(1.4-65.9), a pooled NLR of 0.33 (0.23-0.48), and a total AUC of the
TABLE 1 Main characteristics of studies included in the meta-analysis of the diagnostic accuracy of CTCs detection in BC.

Author Year Country Stage Enrichment method Identification method CTC cut-off TP FP FN TN

Qiu 2020 China I-IV Negative enrichment ImFISH 2 105 2 34 346

Wang 2020 China I-IV Density gradient centrifugation ImFISH 2 102 59 27 4

Ji 2020 China I-IV Density gradient centrifugation Nucleic acid testing 1.5 23 0 37 50

Wang 2018 China I-IV Immunomagnetic bead ImFISH 1 25 0 20 10

Gao 2021 China I-IV CytoSorter ImFISH 2 199 76 39 161

Jin 2019 China I-IV CytoSorter ImFISH 2 109 38 19 223

Murray 2015 Chile NA Density gradient centrifugation ImFISH 1 58 6 20 60

Xue 2021 China I-IV CellSearch CellSearch 1 16 18 26 102
fr
ontiersi
TABLE 2 The results of quality assessment of included studies in the meta-analysis.

Study Risk of Bias Applicability Concerns

Patient
Selection

Index Test Reference
Standard

Flow and Timing Patient Selection Index Test Reference Standard

Qiu 2020 low unclear low low low low low

Wang 2020 low unclear low low low low low

Ji 2020 high unclear low low low low low

Wang 2018 high unclear low low high low low

Gao 2021 high high low low high low low

Jin 2019 low high low low high low low

Murray
2015

low unclear low low low low low

Xue 2021 low unclear low low low low low
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SROC curve of 0.81. These results show that the overall accuracy of

CTCS in the early diagnosis of BC is relatively good. After sensitivity

analysis, the results of the literature we included were stable,

indicating that our meta-analysis results are of reference

significance. By using the DOR, a diagnostic test evaluation

indicator, we could compare the likelihood of positive results

between patients with and without the condition. In the present

analysis, the pooled DOR was 29 (95% CI, 4–205), indicating that in

comparison to patients who do not test positive for CTCs, those who

test positive have 29 times the likelihood of developing BC. Based on

the above results, CTCs might be helpful as a diagnostic method for

BC screening, which is in accordance with a prior study (12).

However, the included studies have different CTC detection

methodologies, as well as different sensitivity levels, resulting in a

varying CTC cutoff value for the same clinical application (31). To

date, CellSearch® has been the only CTC system approved by the

Food and Drug Administration (FDA). However, CellSearch® had

low rates of CTC detection in BC, approximately 40–50% in

metastatic BC and just under 30% in early-stage BC (32). There

was only one study (21) using CellSearch® in our meta-analysis.

Another study (12) reported the CytoSorter® CTC detection system.

CytoSorter® was shown to be superior to CellSearch® in detecting

CTCs in BC patients at stages II and III, with a detection rate of over

90% (32). Due to the lack of uniform detection standards for CTCs,

clinical practice does not consider CTCs to be a standard routine

diagnostic tool. Thus, more research is required to determine the

criteria for CTC detection. Based on the use of different threshold

values in the included studies, we used Spearman’s correlation

coefficient to analyze threshold effects and found that there was no

connection between thresholds and heterogeneity.
FIGURE 2

Forest plots depicting the SEN and SPE of CTCs in BC diagnosis.
FIGURE 3

SROC of CTCs in the diagnosis of BC.
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This study has some limitations. First, on account of the

relatively small number of cases in this study, we failed to

determine the potential source of this study due to the relatively

high heterogeneity of this study. Second, in various studies, cutoff
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values differ, which has an impact on our results, and there is a need

for further research on CTCS’s optimal cutoff point. In addition,

seven out of eight studies were conducted in Asia, and the electronic

databases included regional databases, which could cause bias in the
FIGURE 4

Fagan nomogram plot analysis for the evaluation of CTCs as a diagnostic tool for detecting BC.
FIGURE 5

Deeks’ funnel plot for detecting publication bias. ESS, effective sample size.
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results. It would be beneficial to conduct more international

prospective multicenter research on this topic.
Conclusion

This meta-analysis showed that CTCs can be used as a helpful

tool in BC screening and early diagnosis, with better sensitivity and

specificity. To clarify the accuracy of CTCs as BC diagnostic

indicators, more high-quality prospective studies are needed.
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Introduction: Retinoic acid-induced 2 (RAI2) was initially related to cell

differentiation and induced by retinoic acid. RAI2 has been identified as an

emerging tumor suppressor in breast cancer and colorectal cancer.

Methods: In this study, we performed systematic analyses of RAI2 in breast

cancer. Meta-analysis and Kaplan-Meier survival curves were applied to identify

the survival prediction potential of RAI2. Moreover, the association between RAI2

expression and the abundance of six tumor-infiltrating immune cells was

investigated by TIMER, including B cells, CD8+ T cells, CD4+ T cells, B cells,

dendritic cells, neutrophils, and macrophages. The expression profiles of high

and low RAI2 mRNA levels in GSE7390 were compared to identify differentially

expressed genes (DEGs) and the biological function of these DEGs was analyzed

by R software, which was further proved in GSE7390.

Results: Our results showed that the normal tissues had more RAI2 expression

than breast cancer tissues. Patients with high RAI2 expression were related to a

favorable prognosis and more immune infiltrates. A total of 209 DEGs and 182

DEGs were identified between the expression profiles of high and low RAI2

mRNA levels in the GSE7390 and GSE21653 databases, respectively.

Furthermore, Gene Ontology (GO) enrichment indicated that these DEGs from

two datasets were both mainly distributed in “biological processes” (BP),

including “organelle fission” and “nuclear division”. Kyoto Encyclopedia of

Genes and Genomes (KEGG) pathways analysis demonstrated that these DEGs

from two datasets were both significantly enriched in the “cell cycle”. Common

hub genes between the DEGs in GSE7390 and GSE21653 were negatively

associated with RAI2 expression, including CCNA2, MAD2L1, MELK, CDC20,

and CCNB2.
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Discussions: These results above suggested that RAI2 might play a pivotal role in

preventing the initiation and progression of breast cancer. The present studymay

contribute to understanding the molecular mechanisms of RAI2 and enriching

biomarkers to predict patient prognosis in breast cancer.
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1 Background

Breast cancer (BRCA), which accounts for approximately 30%

of female cancers, is the first leading cause of cancer death for

women aged 20 to 59 years (1). Several major molecular subtypes in

BRCA are defined by the presence or absence of hormone receptors

(estrogen receptors (ER) or progesterone receptors (PR) and human

epidermal growth factor receptor 2 (HER2) (2). Over the decades,

molecular classification exerts a critical role in predicting tumor

behavior and guiding therapeutic strategies (3). Nearly 75% of

BRCA patients express hormone receptors, which results in the

potent effects of endocrine therapy (2). However, some patients get

primary or acquired resistance to endocrine therapy (4). Moreover,

approximately 20-30% of BRCAs patients overexpress HER2 and

have poorer prognoses with more aggressive tumors (5). Although

anti-HER2 treatment has shown some achievements for HER2-

positive BRCAs, continuing high mortality of HER2-overexpressed

BRCAs demands new therapies (6). Thus, it is crucial to investigate

further novel biomarkers and emerging agents to treat BRCA.

Retinoic acid (RA) is one of the metabolic products of retinol

(vitamin A) and exerts activity in distinct isometric forms, including

9-cis-RA, 13-cis-RA as well as all-trans-RA (7). Retinoic acid-

induced 2 (RAI2) is induced by RA in embryonal carcinoma cells

and involved in cellular differentiation (8, 9). Stefan Werner et al.

found that RAI2 acts as a transcriptional regulator that contributes

to the expression of some critical regulators of breast epithelial

integrity (10). Low RAI2 expression was significantly associated

with early hematogenous metastasis of BRCA cells to bone marrow,

especially in ER+ BRCA (10). Moreover, RAI2 inhibited AKT

signaling to suppress CRC progression, and methylated RAI2

indicated poor prognosis in CRC (11).
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Some studies used invasive breast cancer tissues to indicate that

lower RAI2 mRNA and protein were independent risk factors for

lower shorter disease-free survival (DFS), and breast-cancer-specific

survival (BCSS) (12). However, there are not sufficient studies to

explain the biological function of RAI2 in BRCA. Furthermore,

more samples are needed to validate the effects of RAI2 on

prognosis for breast cancer patients and RAI2-related pathways

should be clarified. More investigations on RAI2 might provide

novel therapeutic strategies for clinicians (13).
2 Materials and methods

2.1 Search strategy of the GEO datasets

The datasets of human BRCA with RAI2 mRNA expression were

searched in the GEO databases (https://www.ncbi.nlm.nih.gov/geo/),

up to December 10, 2015. The search terms “breast cancer” (“breast

neoplasm,” “breast tumor,” “breast carcinoma,” and “mammary

cancer”) were used and the search scope was based on homo

sapiens. Only the databases that met the inclusion criteria were

chosen in the following analysis.
2.2 Inclusion criteria

Based on the PRISMA statement criteria, we chose databases

that matched the following inclusion criteria: 1) the databases were

about BRCA or normal breast tissues, and homo sapience rather

than cell lines; 2) the datasets were about mRNA rather than DNA

or microRNA and included RAI2 mRNA expression; 3) the sample

capacity was more than 45; 4) it was available for clinic-pathological

and prognosis information of BRCA patients in these databases,

such as T stage, N stage, TNM stage, grade, molecular subtypes, and

clinical outcome. 5) when several databases shared specific patient

identification, we chose the latest and most complete datasets.
2.3 Data extraction

We performed in silico validation of RAI2, using 30 publicly

available breast datasets with 4863 samples. Data analysis and

technical graphics were performed independently by two individuals.

We extracted data from every dataset to a predefined table with a
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standardized data collection form, with information recorded as

follows: first author’s name, publication year, country or area, follow-

up duration, tumor stage, patient number, detection methods, and

platform. The median of RAI2 mRNA expression was used for cutoff

values. The probe with the maximum mRNA expression value was

extracted while there was more than one probe for RAI2. Overall

survival (OS), metastasis-free survival (MFS), and relapse-free survival

(RFS) were evaluated by Cox proportional hazard ratio (HR) and 95%

confidence interval (CI) using the extracted data. These data were

shown in Supplemental Table 1.
2.4 Meta-analysis

The meta-analysis was performed using the STATA software

(Version 12.0; StataCorp LP, College Station, TX, USA). The

heterogeneity of publication was assessed by the inconsistency

index (I2) statistic. The random-effect model was employed on

the condition that the I2 value was more than 50%, which indicated

that heterogeneity was shown. The fixed-effect model was used on

the condition that the I2 value was less than 50%, which

demonstrated that homogeneity was presented. The publication

bias was evaluated by Begg’s and Egger’s tests. To evaluate the

association between RAI2 expression level and clinicopathological

parameters, the odds ratio (OR) and its corresponding 95% CI were

calculated. To evaluate the effects of RAI2 expression level on the

survival outcome of BRCAs, we assessed the hazard ratio (HR) and

its corresponding 95% CI. HR > 1 indicated that higher expression

of RAI2 predicted worse survival.
2.5 Survival analysis

We performed Kaplan-Meier survival curves with HR and log-

rank p-value for the RAI2 mRNA expression level of BRCAs by the

online analysis tool (http://www.kmplot.com/analysis/). The

Affymetrix probe ID for RAI2 was 219440_at. The patients were

divided into two groups according to the median expression value.

We chose 120 months as the follow-up threshold. Every intrinsic

subtype of BRCA was conducted, including luminal A, luminal B,

HER2+, and basal-like types.
2.6 Analysis of TIMER datasets

The online tool, Tumor Immune Estimation Resource (TIMER,

https://cistrome.shinyapps.io/timer/) included RNA-seq profiles of

10897 samples from 32 cancers in The Cancer Genome Atlas

(TCGA) (14). The association of RAI2 expression with the

abundance of six tumor-infiltrating immune cells could be

evaluated based on silico deconvolution approaches via gene

module in TIMER, including CD8+ T cells, CD4+ T cells, B cells,

dendritic cells, neutrophils, and macrophages. The results were

demonstrated in scatterplots with p-value and purity-corrected

partial Spearman’s correlation (partial-cor).
Frontiers in Oncology 0379
2.7 Identification of DEGs

Based on the databases of GSE7390 and GSE21653, we

compared the two expression profiles of high and low RAI2

mRNA expression in BRCAs, which were divided according to

the median expression by R software (version 3.6.3; https://www.r-

project.org/) to identify DEGs. The results were obtained using

limma package (version 3.42.2) (15) and pheatmap package

(version 1.0.12). The limma package was employed to determine

DEGs with log |fold change| > 1 and adj. p < 0.05 in unpaired t-test

as cut-off levels. Subsequently, we used pheatmap package to

generate a heatmap, demonstrating the differential expression

levels of the top 40 DEGs directly, and a volcano plot was

produced to show all DEGs in this dataset.
2.8 GO enrichment and KEGG
pathways analysis

To discover the biological functions of DEGs, the GO

enrichment, and KEGG pathways analysis were performed by R

software (16, 17). Colorspace package (version 1.4-1), stringi

package (version 1.4.6), ggplot2 package (version 3.3.0), and

Bioconductor packages, such as DOSE package (version 3.12.0)

(18), clusterProfiler package (version 3.14.3) (19) and enrichplot

package (version 1.6.1), were used to get bubble plot and barplot. p

< 0.05 was statistically significant.
2.9 PPI network construction

The PPIs of the DEGs were identified using the online Search

Tool for Retrieval of Interacting Genes (STRING) database (version

11.0). All DEGs were mapped into this database to evaluate the

interactive relations, showing nodes with the confidence score >0.4

and hiding disconnected nodes in the network. Subsequently, the

Cytoscape software (version 3.7.2; National Resource for Network

Biology) was employed to get PPI networks (20). The criteria for

disease module searching were set as follows: Molecular COmplex

DEtection (MCODE) score > 3, and each module must have more

than four nodes. p < 0.05 was considered a statistically significant

difference. Besides, the top 10 hub genes ranking by degree were

identified using cytoHubba application on Cytoscape with the

shortest path displaying (21).
2.10 The relation between RAI2 and
several genes

The correlation of RAI2 and several hub genes were shown by

GraphPad Prism (version 8.0.1). We chose the datasets of GSE7390

with 198 primary BRCA patients and GSE21653 with 266 patients

to present the relation between RAI2 and hub genes, including

CCNA2, CDC20, CDC6, MAD2L1, TTK, MELK, and CCNB2.
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3 Results

3.1 RAI2 expression relates to the
molecular subtypes of BRCA

A total of ten studies with GEO datasets indicated that RAI2mRNA

expression in BRCA samples was reduced when compared with healthy
Frontiers in Oncology 0480
control samples (pooled OR: 0.42, 95% CI: 0.28-0.65; Cochran’sQ test p

= 0.176 and I2 = 29.2%; Figure 1A). Then, some studies were adopted to

further evaluate the relation between RAI2 mRNA expression and

clinicopathological features of BRCA. The results showed that RAI2

mRNA expression in mammary cancer had a negative relation with T

stage (pooled OR: 0.76, 95% CI: 0.61-0.96; Cochran’s Q test, p = 0.753

and I2 = 0.0%; Figure 1B), N status (pooled OR: 0.82, 95% CI: 0.71-0.96;
B

C D

E

A

FIGURE 1

Correlation between RAI2 mRNA expression and breast cancer as evaluated by the OR. Relation of RAI2 mRNA expression with breast cancer risk
compared with normal breast tissues (A). Association between RAI2 mRNA expression and breast cancer risk compared with T stage (B), N status (C),
histological grade (D), and clinical TNM stage (E). RAI2, retinoic acid-induced 2; CI, confidence interval; OR, odds ratio; TNM, tumor–node–
metastasis.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1134149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiao et al. 10.3389/fonc.2023.1134149
Cochran’s Q test, p = 0.317 and I2 = 11.4%; Figure 1C), histological grade

(pooled OR: 0.23, 95%CI: 0.18-0.30; Cochran’s Q test, p = 0.003 and I2 =

52.5%; Figure 1D) and TNM stage (pooled OR: 0.62, 95% CI: 0.45-0.86;

Cochran’s Q test, p = 0.433 and I2 = 0.0%; Figure 1E).

Subsequently, the relation between RAI2 mRNA expression and

ER, PR, HER2 status, luminal type, and basal-like BRCA was further

evacuated by meta-analysis in GEO datasets. Our results demonstrated

that the elevated expression of RAI2 was positively related to BRCA

with ER+ subtype (pooled OR =4.27, 95% CI: 2.98–6.13, Cochran’s Q

test, p = 0.000, and I2 = 67.8%; Figure 2A) and PR+ subtype (pooled OR

= 3.16, 95% CI: 2.52–3.96, Cochran’s Q test, p = 0.614, and I2 = 0.0%;

Figure 2B), but it was negatively correlated with BRCA with HER2+

subtype (pooled OR =0.68, 95% CI: 0.52–0.89, Cochran’s Q test, p =

0.505, and I2 = 0.0%; Figure 2C). Besides, there was a positive

association between the increased RAI2 expression and luminal

subtype of tumors rather than basal-like cancers (pooled OR = 6.95,

95%CI: 5.07–9.51, Cochran’s Q test, p = 0.39, and I2 = 4.6%; Figure 2D).
3.2 RAI2 expression relates to patient
survival in BRCA

The association of RAI2 mRNA expression with survival was

evaluated in a total of BRCA patients. Our analysis showed that
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patients with BRCA with higher RAI2 mRNA level tended to have

better OS (pooled OR = 0.69, 95% CI: 0.55–0.87, Cochran’s Q test,

p = 0.146, and I2 = 34.0%; Figure 3A). Moreover, there was a

significant association of high RAI2 expression with prolonged RFS

(pooled OR = 0.67, 95% CI: 0.56–0.80, Cochran’s Q test, p = 0.102,

and I2 = 37.2%; Figure 3B) and MFS (pooled OR = 0.80, 95% CI:

0.66–0.97, Cochran’s Q test, p = 0.766, and I 2 =0.0%; Figure 3C).

In order to evaluate the prognosis value of RAI2 in distinct

molecular subtypes, Kaplan-Meier survival curves were plotted in

BRCA patients in Figure 4. Our results showed that RAI2 expression

was positively associated with the OS (HR = 0.6, 95% CI: 0.48-0.76, p

< 0.01; Figure 4A), RFS (HR = 0.55, 95% CI: 0.49-0.61, p < 0.01;

Figure 4B) and MFS (HR = 0.57, 95% CI: 0.47-0.7, p < 0.01;

Figure 4C) rate in all BRCA patients, it had distinct prognostic

value in different subtypes. Although lower RAI2 mRNA expression

predicted poor RFS (HR = 0.55, 95% CI: 0.46-0.66, p < 0.01;

Figure 4E) and MFS (HR = 0.61, 95% CI: 0.45-0.83, p < 0.01;

Figure 4F) in patients with luminal A subtype, there was no

significant association between RAI2 expression and OS (HR =

0.71, 95% CI: 0.49-1.04, p = 0.078; Figure 4D) in the patients. In

patients with luminal B subtype, lower RAI2 mRNA expression

predicted poor RFS (HR = 0.76, 95% CI: 0.62-0.92, p < 0.01;

Figure 4H), whereas there was no significant association between

RAI2 and OS (HR = 0.94, 95% CI: 0.64-1.37, p = 0.74; Figure 4G) and
B

C D

A

FIGURE 2

Correlation between RAI2 mRNA expression and molecular subtype. Correlation between RAI2 mRNA expression with ER status (A), PR (B), HER2
(C), and luminal-basal (D). CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor-2; OR, odds ratio; PR,
progesterone receptor; RAI2, retinoic acid-induced 2.
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MFS (HR = 0.92, 95% CI: 0.64-1.31, p = 0.64; Figure 4I). In addition,

there was no statistically significant effect of RAI2 on promoting OS

(HR=1.39, 95% CI: 0.72-2.68, p = 0.32; Figure 4J), RFS (HR = 0.86,

95% CI: 0.59-1.27, p = 0.45; Figure 4K) and MFS (HR=1.61, 95% CI:

0.86-3.04, p = 0.31; Figure 4L) in patients with HER2-overexpressed

subtype, and on prolonging OS (HR=1.2, 95% CI: 0.73-1.97, P = 0.46;

Figure 4M), RFS (HR = 0.88, 95% CI: 0.68-1.13, P = 0.3; Figure 4N)

and MFS (HR = 0.86, 95% CI: 0.52-1.42, P = 0.55; Figure 4O) in

patients with basal-like subtype. In all, the analysis of the RAI2

mRNA level and survival showed that higher RAI2 expression

predicted a more favorable prognosis for BRCA patients.
3.3 The association of RAI2 expression with
six immune infiltrates in BRCA

Some studies had reported that immune infiltrates were closely

related to patient prognosis and could predict the status of sentinel

lymph node (22, 23). We utilized the gene module of TIMER datasets

to determine the relation of RAI2 expression with tumor-infiltrating

lymphocytes for BRCA patients. The analyses results indicated that

RAI2 expression was negatively related to tumor purity of BRCA (r =

-0.136, p < 0.001), BRCA-basal (r = -0.401, p < 0.001), BRCA-HER2 (r

= -0.136, p < 0.001) and BRCA-luminal (r = -0.261, p < 0.001) subtypes.

Furthermore, RAI2 expression level was positively associated with

infiltrating levels of CD8+ T cells (r = 0.078, p = 0.015), CD4+ T

cells (r = 0.069, p = 0.032), and macrophages (r = 0.17, p < 0.001) in

BRCA (Figure 5A). In BRAC-basal subtypes (Figure 5B), there were a
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positive association of RAI2 expression within filtrating levels of B cells

(r = 0.186, p = 0.039), CD8+ T cells (r = 0.264, p = 0.003), CD4+ T cells

(r = 0.268, p = 0.003), macrophages (r = 0.298, p < 0.001), neutrophils (r

= 0.202, p = 0.035) and DCs (r = 0.222, p = 0.018). However, there was

no relation of RAI2 expression with immune infiltrating levels in

BRAC-HER2 subtypes (Figure 5C). In addition, RAI2 expression had

no association with immune infiltrating levels of B cells, CD8+ T cells,

macrophages, neutrophils, and dendritic cells except for CD4+ T cells

(r = 0.124, p = 0.004) in BRAC-luminal subtypes (Figure 5D).
3.4 Different expression and pathway
analysis for DEGs of RAI2high versus
RAI2low group

The datasets of GSE7390 and GSE21653 were respectively divided

into two groups (RAI2high and RAI2low) by median expression of RAI2

to identify DEGs by R software. Based on the Limma package, a total of

209 DEGs (120 upregulated and 89 downregulated DEGs) in GSE7390

and a total of 182 DEGs (100 upregulated and 82 downregulated DEGs)

in GSE21653 were obtained. With GSE7309, a volcano map was

employed to show all DEG distribution (Figure 6A) and the

expression heatmap for 40 genes, comprising the top 20 upregulated

and the top 20 downregulated DEGs, was shown in Figure 6B.

Additionally, the enriched GO terms and KEGG pathways were

analyzed for DEGs. In the biological process terms of GO

(Supplemental Table 2A), our analysis indicated that most of the

DEGs in GSE7390 were enriched in “organelle fission”
B

C

A

FIGURE 3

Forest plot for the association of RAI2 mRNA expression with breast cancer survival. Associations between RAI2 mRNA expression with breast cancer
OS (A), RFS (B), and MFS (C) in all populations of breast cancer. CI, confidence interval; HR, hazard ratio; MFS, metastasis-free survival; OS, overall
survival; RFS, recurrence-free survival; RAI2, retinoic acid-induced 2.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1134149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiao et al. 10.3389/fonc.2023.1134149
(GO:0048285), “chromosome segregation” (GO:0007059), and “nuclear

division” (GO:0000280) (Figure 6C). In the KEGG analysis

(Supplemental Table 3A), our result showed that most of the DEGs

in GSE7390 were enriched in the “cell cycle” (hsa04110) and “cellular

senescence” (hsa04218) (Figure 6D). Using the same analysis strategies,
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we showed the results of GSE21653 in Supplemental Figure 1 and

Supplemental Tables 2B, 3B. The top 20 upregulated and the top 20

downregulated DEGs in GSE7390 (Supplemental Figure 2A) and

GSE21653 (Supplemental Figure 2B) were respectively analyzed for

the correlativity among these genes using R software.
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FIGURE 4

Kaplan–Meier survival curves for the correlation of RAI2 mRNA expression with breast cancer. Overexpression of RAI2 predicted favorable survival in
patients with BRCA. The relation of RAI2 expression level in all (A-C), luminal-A (D-F), luminal-B (G-I), her2-overexpression (J-L), and basal-like
(M-O) breast cancer patients with OS, RFS, and MFS. Her2, human epidermal growth factor receptor 2; MFS, metastasis-free survival; OS, overall
survival; RFS, recurrence-free survival; RAI2, retinoic acid-induced 2.
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3.5 Disease module from the PPI network

The PPIs network of DEGs was screened in the STRING

database (24). Genes were included in the network with a

medium interaction score (confidence > 0.4) and disconnected

nodes were hidden. However, for the two databases, the gene of

RAI2 was not shown in the PPI network. Then, the PPI networks

were exported to the Cytoscape for visualized results. Most of the

up-regulated genes with red and down-regulated genes with blue

color were interactional in the PPI visualized network. Analyzing a

total of 155 nodes and 860 edges, we discovered the top five largest-

size modules of GSE7390 utilizing the MCODE application in

Cytoscape (Figures 7A–E). KEGG enrichment analysis of the

modules indicated that these genes in modules 1–3 were mainly

related to “cell cycle” (hsa04110), “viral protein interaction with

cytokine and cytokine receptor” (hsa04061), “estrogen signaling

pathway” (hsa04915). Analyzing a total of 131 nodes and 1551

edges, we acquired the top three largest size modules of GSE21653

(Figures 7F–H). KEGG analysis of the modules showed that these

genes in modules 1–2 were implicated with “cell cycle” (hsa04110),

and “Viral protein interaction with cytokine and cytokine receptor”

(hsa04061). The “cell cycle” (hsa04110) was the common pathway

of GSE7390 and GSE21653 in KEGG analysis, with the common

genes of CCNA2, CDC20, CDC6, MAD2L1, and TTK. Then, the

cytoHubba application in Cytoscape was used to identify the ten

hub nodes with the highest degrees and shortest path. The 10 hub

genes in GSE7390 contained CDK1, CCNA2, FOXM1, MAD2L1,
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BIRC5, MELK, CDC20, CDC6, RRM2, CCNB2 (Figure 7I;

Supplemental Table 4A). The ten hub genes in GSE21653

contained UBE2C, CCNB1, CCNA2, MELK, MAD2L1, MKI67,

PBK, TOP2A, BIRC5, CDC20 (Figure 7J; Supplemental Table 4B).

In summary, the genes of CCNA2, MAD2L1, MELK, CDC20, and

CCNB2 were the common and down-regulated hub genes in the

RAI2high group of the two datasets.
3.6 The relation of RAI2 expression with
several core genes

We performed scatter diagrams and linear regression to

show the relations between RAI2 mRNA expression and some

core gene mRNA expression in the datasets of GSE7390 and

GSE21653. According to the results above, we chose some core

genes to estimate their relationship with RAI2. Correlation

analysis in GSE7390 demonstrated that RAI2 mRNA

expression was negatively correlated with CCAN2 (r = -0.5725,

P < 0.001; Figure 8A), CDC20 (r = -0.5885, P < 0.001; Figure 8B),

CDC6 (r = -0.5181, P < 0.001; Figure 8C), MAD2L1 (r = -0.5601,

P < 0.001; Figure 8D), TTK (r = -0.5989, P < 0.001; Figure 8E),

MELK (r = -0.5647, P < 0.001; Figure 8F), CCNB2 (r = -0.6154, P

< 0.001; Figure 8G) mRNA expression. Additionally, correlation

analysis in GSE21653 of RAI2 mRNA expression and these genes

further proved the results that RAI2 was negatively correlated

with CCAN2 (r = -0.5622, P < 0.001; Supplemental Figure 3A),
B

C

D

A

FIGURE 5

Association of RAI2 expression with immune infiltrating levels in breast cancer. (A) RAI2 expression is significantly negatively associated with tumor
purity and has a significant positive relation with infiltrating immune cells of B cells, CD8+ T cells, CD4+ T cells, and macrophages, other than
neutrophils and dendritic cells. (B) RAI2 expression has significant negative correlations with tumor purity and positive infiltrating levels of B cells,
CD8+ T cells, CD4+ T, macrophages, neutrophils, and dendritic cells in the BRCA-basal subtype. (C) RAI2 expression is negatively related to tumor
purity and showed a very weak correlation with infiltrating B cells, CD8+ T cells, CD4+ T, macrophages, neutrophils, and dendritic cells in BRCA-
her2 subtype. (D) RAI2 expression has negative correlations with tumor purity and positive with infiltrating levels of CD4+ T cells but no significant
association with infiltrating level of B cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells in the BRCA-luminal subtype. Her2, human
epidermal growth factor receptor 2; RAI2, retinoic acid-induced 2.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1134149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiao et al. 10.3389/fonc.2023.1134149
CDC20 (r = -0.5446, P < 0.001; Supplemental Figure 3B), CDC6

(r = -0.4985, P < 0.001; Supplemental Figure 3C), MAD2L1 (r =

-0.4984, P < 0.001; Supplemental Figure 3D), TTK (r = -0.5531, P

< 0.001; Supplemental Figure 3E), MELK (r = -0.5150, P < 0.001;

Supplemental Figure 3F), CCNB2 (r = -0.5920, P < 0.001;

Supplemental Figure 3G) mRNA expression.
4 Discussion

RAI2 has been proven to suppress early hematogenous

dissemination of breast cancer and indicate favorable prognosis

by analyzing hundreds of breast cancer patient samples. However,

these results need further validation with more patient samples (10,

12). Our results showed that high RAI2 expression could be
Frontiers in Oncology 0985
regarded as an independent and favorable prognostic biomarker

for BRCA patients, which predicts tumor invasion and metastasis.

Previous studies found that there was no relation between RAI2

level and lymph node metastasis (10). However, the meta-analysis of

17 GEO datasets in our results showed that lymph node metastasis

status had a lower RAI2 mRNA expression level than lymph node

non-metastasis status. There was positive relation of RAI2 expression

with immune infiltrating levels, including B cells, CD8+ T cells, CD4

+ T cells, B cells, and dendritic cells in the BRCA, especially in the

BRCA-basal subtype. In addition, our result also showed that RAI2

was positively associated with CX3CR1 and negatively related to

CXCL8, respectively. CXCL8 was a well-known chemokine involved

in tumorigenesis, tumor progression and immune suppression, and

CX3CR1 was regarded as a novel cancer targeted therapeutic strategy

due to its immune activation capacity (25, 26). However, the ligands
B

C D

A

FIGURE 6

GO and KEGG enrichment analyses of DEGs from the microarray dataset GSE7390. (A) 209 DEGs are shown in a volcano plot. 120 upregulated
genes are shown in red, and 89 downregulated genes are shown in green. (B) Heatmap of the top 20 upregulated and downregulated DEGs. Red
denotes upregulated genes, and blue represents downregulated genes. (C) The top 30 enriched terms of GO analysis. (D) The top 23 enriched terms
of the KEGG pathway. The size of dots indicates the count of DEGs enriched under each term.
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of CX3CR1, CXCL9, 10, and 11 were downregulated by RAI2, which

is not consistent with their well-established immunostimulatory

function. There may be two explanations for the bias. On the one

hand, CXCL9, 10, and 11 promoted immune response by paracrine

signal, while tumor-derived autocrine signal will induce tumor cell

proliferation and metastasis (26). We could not investigate whether

the downregulated expressions of CXCL9, 10, and 11 were induced

by paracrine or autocrine axis. On the other hand, divergent immune

response occurred in distinct breast cancer subtypes. Generally, any
Frontiers in Oncology 1086
tumor features that oscillated a tumor toward a more aggressive

“basal-like” state will typically elicit a stronger immune reaction (27),

which is consistent with our result (Figure 5B). In the PPI network

analysis, we performed the correlation based on the overall BRCA

subtypes, which could not visualize and restore the true immune state

for each subtype. Therefore, there will be some biases in immune-

related chemokines. In general, it was reported that immune

infiltrates could predict the status of sentinel lymph nodes and

were closely associated with survival (22, 23). Therefore, the high
B C

D E

F G H

I J

A

FIGURE 7

PPI network analysis. Top 5 largest size modules of GSE7390 (A-E) and top 3 largest size modules of GSE21653 (F-H) from the high-score protein-
protein interactive network. 10 hub genes in GSE7390 (I) and GSE21653 (J).
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immune infiltrates might contribute to the favorable prognosis in

patients with high RAI2 expression.

The results of the functional enrichment of RAI2 mentioned

above indicated that RAI2 may be involved in the process of cell

proliferation and cell cycle. The common genes in the cell cycle

pathway were downregulated in the RAI2high group, including

CCNA2, CDC20, CDC6, MAD2L1, and TTK, which suggested

that RAI2 expression might regulate the cell cycle by suppressing

these gene expressions. Moreover, the common hub genes of DEGs

from the two datasets were identified as CCNA2, MAD2L1, MELK,

CDC20, and CCNB2.

CCNA2, one of the highly conserved cyclin family, was

significantly overexpressed in some cancer cells and had a close

relation with tumorigenesis and progression (28). It had been

proved that CCNA2 might be implicated in the epithelial-

mesenchymal transitions (EMT) and cancer metastasis (29).
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Furthermore, Gao et al. suggested that high CCNA2 expression

predicted poor survival and was also implicated with tamoxifen

resistance in ER+ mammary cancer patients by bioinformatic

analysis (30). Based on TCGA datasets, Tang et al. indicated

that CCNB2 was implicated with poor prognosis in BRCA and

was significantly up-regulated expressed in the advanced cancer

stage (31). CDC20, the cell division regulator, was significantly

overexpressed in mammary cancer cells and indicated poor

survival (32, 33). Moreover, a preclinical study held that CDC20

in ER+ BRCA predicted inadequate response to endocrine therapy

and poor survival (34). Cheng et al. firstly proved the association

of CDC20 with BRCA metastasis in preclinical research (35). In

ER+ BRCA, CCNA2, CCNB2, and CDC20 could be inhibited by

O6-benzylguanine, an MGMT inhibitor (36). In addition, CDC6

got involved in regulating DNA replication and expressed at a

high level in BRCA cells, especially in ER- BRCA, compared with
B C

D E F

G

A

FIGURE 8

RAI2 expression was associated with several core genes in GSE7390. Association between mRNA expressions of RAI2 with several core genes,
including CCNA2 (A), CDC20 (B), CDC6 (C), MAD2L1 (D), TTK (E), MELK (F), and CCNB2 (G). CCNA2, CyclinA2; CCNB2, cyclin B2; CDC6, cell division
cycle 6; CDC20, cell division cycle 20; MAD2L1, mitotic arrest deficient 2-like 1; MELK, maternal embryonic leucine zipper kinase; TTK, TTK protein
kinase; RAI2, retinoic acid-induced 2.
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normal breast cells (37). By producing chromosomal instability

and aneuploidy, the abnormal expression of MAD2L1 might

induce malignant transformation and progression of BRCA (38).

TTK, a dual serine/threonine kinase, exerted a vital role in spindle

assembly checkpoint signaling and mitotic checkpoint (39, 40).

Additionally, by regulating the phosphorylation of p53, CHK2,

and MDM2, TTK got involved in DNA damage repair (41–43).

Previous studies have shown that TTK was up-regulated in triple-

negative BRCA, compared to the other BRCA tissues and healthy

cells. Furthermore, TTK regulated EMT and proliferative

phenotypes through TGF-b and KLF5 signaling (44, 45). Related

research indicated that higher MELK expression was a gene

signature in BRCA than in normal tissues (46–48). Giuliano

et al. found that MELK expression was related to tumor mitotic

activity but was not required for tumor development (49). Deng

et al. regarded CCNA2 and MELK as part of potential key genes in

the process of mitotic cell cycle and EMT pathway for the

progression of BRCA by bioinformatic analysis (50).

From the results above, we suggested that RAI2 might get

involved in inhibiting the proliferation, invasion, and metastasis

of BRCA cells and improving the immune infiltrating levels in

BRAC. Moreover, in the development process of BRCA, the lower

expression of RAI2 was implicated in the higher expression of

CCNA2, CCNB2, CDC20, CDC6, MAD2L1, TTK, and MELK. To

discover the role of RAI2 in BRCA, the specific biological

mechanisms of the interaction of these genes need further research.
5 Conclusion

Taken together, we estimated the predictive value of RAI2 for

BRCA patients. RAI2 could be conceived as a promising prognostic

biomarker in each subtype of BRCA. Therefore, our analyses might

support RAI2 as the potential prognostic biomarker and contribute

to further research of RAI2 as the candidate for therapy target in

BRCA diagnosis and treatment.
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SUPPLEMENTARY FIGURE 1

GO and KEGG enrichment analyses of DEGs from the microarray dataset

GSE21653. (A) 182 DEGs are shown in a volcano plot. 100 upregulated genes
are shown in red, and 82 downregulated genes are shown in green. (B) Heatmap

of the top 20 upregulated and downregulated DEGs. Red denotes upregulated

genes, and blue represents downregulated genes. (A) The top 30 enriched terms
of GO analysis. (B) The top 9 enriched terms of the KEGG pathway. The size of

dots indicates the count of DEGs enriched under each term.

SUPPLEMENTARY FIGURE 2

The correlativity of the top 20 upregulated and the top 20 downregulated

DEGs in GSE7390 (A) and GSE21653 (B).

SUPPLEMENTARY FIGURE 3

RAI2 expression was associated with several core genes in GSE21653. Association
between mRNA expressions of RAI2 with several core genes, including CCNA2

(A), CDC20 (B), CDC6 (C), MAD2L1 (D), TTK (E), MELK (F), andCCNB2 (G). CCNA2,
CyclinA2; CCNB2, cyclin B2; CDC6, cell division cycle 6; CDC20, cell division

cycle 20; MAD2L1, mitotic arrest deficient 2-like 1; MELK, maternal embryonic

leucine zipper kinase; TTK, TTK protein kinase; RAI2, retinoic acid-induced 2.
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Uterine fibroids (UFs) are the most common benign gynecologic tumors

in reproductive-aged women. The typical diagnostic strategies of UFs

are transvaginal ultrasonography and pathological feature, while molecular

biomarkers are considered conventional options in the assessment of the origin

and development of UFs in recent years. Here, we extracted the differential

expression genes (DEGs) and differential DNA methylation genes (DMGs) of UFs

from the Gene Expression Omnibus (GEO) database, GSE64763, GSE120854,

GSE45188, and GSE45187. 167 DEGs with aberrant DNA methylation were

identified, and further Gene Ontology (GO) enrichment and Kyoto Encyclopedia

of Genes and Genomes (KEGG) were performed by the relevant R package. We

next discerned 2 hub genes (FOS, and TNFSF10) with autophagy involvement by

overlapping 167 DEGs and 232 autophagic regulators from Human Autophagy

Database. FOS was identified as the most crucial gene through the Protein–

Protein Interactions (PPI) network with the correlation of the immune scores.

Moreover, the down-regulated expression of FOS in UFs tissue at both mRNA and

protein levels was validated by RT-qPCR and immunohistochemistry respectively.

The area under the ROC curve (AUC) of FOS was 0.856, with a sensitivity of

86.2% and a specificity of 73.9%. Overall, we explored the possible biomarker

of UFs undergoing DNA—methylated autophagy and provided clinicians with a

comprehensive assessment of UFs.

KEYWORDS

uterine fibroids, autophagy, FOS, bioinformatics analysis, biomarker

1. Introduction

Uterine fibroids (UFs), also known as uterine leiomyoma, are the most common solid
neoplasm in women with an estimated incidence of up to 70% (1). The established risk
factors of UFs include increased age until menopause, premenopausal status, hypertension,
obesity, or other chronic psychological stress, etc. (2–4). The symptomatic fibroids
can manifest with prolonged or heavy menstrual bleeding and the sequelae of uterine
enlargement, for instance, pelvic pressure, urinary frequency, and constipation, and it
can be associated with infertility and other poor obstetrical outcomes (5). UFs caused
the deterioration of the quality of life in women at reproductive age (6) and caused an
extremely high economic burden on society (7, 8). Although transvaginal ultrasonography
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and pathological feature are the main diagnostic tools of UFs
(9), molecular biomarkers are considered conventional strategies
in the assessment of the origin and development of UFs in
recent years (10). The highly prevalent condition of UFs restricted
the biomarkers in a strict sensitivity and specificity to ensure
their effectiveness. The efficacious biomarker should guarantee
sensitivity >75% and specificity >99.6% (11). Thus, the accuracy
biomarkers of UFs diagnosis still needed to be explored.

Autophagy is an evolutionarily conserved process that
delivered a portion of the cytoplasm, such as ruptured lysosomes,
intracellular microbes, and damaged mitochondria, into lysosomes
for degradation via autophagosome formation (12). This
process plays a crucial role in the pathogenesis of many
diseases including uterine fibroids (13–15). The attenuation
of autolysosomes in UFs tissue illustrated the defection of
the fusion of the autophagosome with a lysosome in the late
stages of autophagy (14). The primary uterine fibroids cells
exhibited autophagic response after the stimulation with estradiol
(E2) or ulipristal acetate, which is represented by required
autophagy-related proteins (ATGs), MAP1LC3 (LC3), and
P62, indicating that autophagy significantly involved in the
pathophysiology of UFs (15–17). The regulation of autophagy
is complex and dynamic, while epigenetics are considered
to be the conspicuous machinery regulator of this process,
particularly DNA methylation (18–20). DNA methylation
is an important epigenetic mechanism of the transfer of a
methyl (-CH3) group to the fifth carbon of a cytosine to form
5-methylcytosine (5mC) which induced the modification of
gene expression (21). This process is generally presented as
transcriptional silencing and occurs predominantly in cytosine
guanine dinucleotide (CpG) dinucleotides (22). The genomic
maps of DNA methylation, based on CpG site detection, provide
information on regulatory regions of genes, those genes are
functionally categorized in both ATGs and signal molecule genes
that regulate autophagy (18).

The DNA methylation status of UFs is exhibited in
the decreasing of DNA methyltransferases (DNMTs),
subtypes DNMT3A (DNA methyltransferase 3 alpha)
and DNMT3B (DNA methyltransferase 3 beta) (23).
The genome-wide DNA methylation status in UFs tissue
is distinguished from normal myometrium and the
differential methylated genomic locus was also presented
in UFs (24–27). The hypomethylated/hypermethylated
genes are proven to participate in the proliferation,
apoptosis, metabolism, and extracellular matrix formation
of UFs (25). Nevertheless, whether the autophagic
dysregulation in UFs is regulated by DNA methylation
is still unknown.

In the present study, we extracted the hub genes in both
differential expression and differential DNA methylation profiles
in UFs from Gene Expression Omnibus (GEO) datasets. Identified
the autophagic regulators from Human Autophagy Database
throughout those hub genes. And the candidate was validated
by further RT-qPCR, and immunohistochemistry. We aimed
to explore the possible biomarker of UFs undergoing DNA-
methylated autophagy, the diagnostic value was performed by the
receiver operating characteristic (ROC) curve.

2. Materials and methods

2.1. Data collection

All datasets were downloaded from Gene Expression Omnibus
(GEO) database1 with keywords: “uterine myoma,” “fibroid”
or “leiomyoma,” and “DNA methylation.” The inclusion
criteria included: (1) The organism was limited to UFs and
normal myometrium. (2) All datasets were genome-wide
gene expression profiles. (3) Case and control study. The
exclusion criteria was another tissue. Four datasets (GSE64763,
GSE120854, GSE45188, and GSE45187) were selected. Samples
of UFs and normal myometrium were used for subsequent
analysis. The gene expression profile and the genome-wide
DNA methylation profile were extracted from GSE64763 and
GSE120854 respectively as the discovery cohorts. And GSE45187
and GSE45188 were presented as the validation cohorts. The
detailed information of all the datasets were summarized in
Table 1.

2.2. Data processing

The “limma” package was used to analyze mRNA expression
data and the “ChAMP” package was used to analyze DNA
methylation data (28–30). All mRNA expression data were
normalized by “normalizeBetweenArrays()” function. The
DNA methylation expression data were normalized by
“champ.norm()” function. The “pheatmap” package was
used to cluster samples and discard outliers (Supplementary
Figure 1). Outliers included GSM1579399 and GSM1579420
for mRNA, GSM3417163, GSM3417156, GSM3417160,
GSM3417145, GSM417146, GSM417147, and GSM417148 for
DNA methylation.

2.3. Identified the differentially expressed
genes (DEGs)

The DEGs between the uterine fibroid and normal
myometrium samples were identified using “limma” package
(version 3.50.0) and the threshold for identifying DEGs was set to
|log2fold change (log2FC)| > 1 and adjusted P value < 0.05 (30).

2.4. Identified differentially methylation
genes (DMGs)

Identification of DMGs between uterine fibroid and normal
myometrium was analyzed by “ChAMP” package (version 3.50.0)
(29). The results of DMGs were filtered with |log2FC| > 0.1 and
adjust P value < 0.05.

1 https://www.ncbi.nlm.nih.gov/geo/
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TABLE 1 Gene Expression Omnibus (GEO) data sets.

Dataset Organism Platform Data type Sample type Purpose

GSE64763 Homo sapiens GPL571 Expression profiling by array Uterine fibroid (n = 25) Discovery cohort

Normal myometrium (n = 29)

GSE120854 Homo sapiens GPL23976 Methylation profiling by array Uterine fibroid (n = 24) Discovery cohort

Normal myometrium (n = 10)

GSE45187 Homo sapiens GPL13534 Methylation profiling by array Uterine fibroid (n = 3) Validation cohort

Normal myometrium (n = 3)

GSE45188 Homo sapiens GPL6244 Expression profiling by array Uterine fibroid (n = 3) Validation cohort

2.5. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes
(KEGG) enrichment

The GO and KEGG enrichment analysis of the DEGs were
performed by the “clusterProfiler” (version 4.2.1) package (31). We
filtered the results with a threshold set to P value < 0.05 and false
discovery rate (FDR) < 0.05.

2.6. Protein–Protein Interaction network
(PPI)

STRING2 is an online database for predicting interactions
between proteins encoded by DEGs. We constructed the PPI
network based on the STRING database and Cytoscape (version
3.8.2) software was used to visualize the results.

2.7. Estimation of stromal and immune
scores

The scores of immune cells/stromal cells for the uterine
fibroid and normal myometrium samples were calculated using
the “ESTIMATE” package (version 1.0.13) based on the gene
expression data extracted from GSE64763 dataset. Wilcoxon test
was used to test the scoring results. The threshold was set to
P < 0.05 as significant.

2.8. Relationship between key genes and
immune status

The correlation coefficient between the key genes and the
immune status for uterine fibroid and normal myometrium
samples was calculated. Spearman correlation analysis was
conducted after excluding the data from normal distribution. The
statistical significance was set as P < 0.05.

2.9. Patients

This study included patients who were histologically diagnosed
with uterine fibroids and underwent subsequent myomectomy

2 https://cn.string-db.org/

or hysterectomy in Tongji Hospital from 2018 to 2022. The
participants were excluded if they had been diagnosed with major
medical problems, such as cardiovascular disease, diabetes, and
autoimmune disease. The patients who were diagnosed with
other gynecological diseases, such as adenomyosis, abnormal
uterine bleeding, or cancers in the reproductive system were
also excluded. They were also excluded if they were taking
estrogen or progesterone before the surgery. Paired normal
myometrium was biopsied at a distance of 2 cm from the
fibroids. The basic information about the patients was obtained
from the patient information management system of Tongji
Hospital. The study was approved by the Ethics Committee of
Tongji Medical College, Huazhong University of Science and
Technology (2022S068).

2.10. RT-qPCR

Total RNA was isolated from UFs and normal myometrium
tissue using RNA-easy Isolation Reagent (Vazyme, R701)
according to the manufacturer’s instruction. Total RNA
was converted to cDNA using PrimeScriptTM RT Master
Mix (Takara, RR036A). Then, real-time PCR analyses were
carried out by using Taq Pro Universal SYBR qPCR Master
Mix (Vazyme, Q712-02). The PCR primers were listed as
follows: cFOS-F: GGGGCAAGGTGGAACAGTTAT, cFOS-
R: CCGCTTGGAGTGTATCAGTCA, GAPDH-F: CTTG
AATCGTTGTTGTTATG, GAPDH-R: ATGGTGGTATTTG
TAGGC.

2.11. Immunohistochemistry

The 4µm thickness section of paraffin-embedded fibroids
and myometrium tissue were deparaffinized and rehydrated
using graded xylene and alcohol. The slides were boiled in
Tris/EDTA buffer for the unmasking of the antigenic epitopes.
Then the endogenous peroxidase activity was quenched by 10%
H2O2. Goat serum was used to block for 30min, RT. The
slides were then incubated with the primary antibody of cFOS
(Abcam, ab222699, 1:400) overnight, then following by the HRP-
labeled secondary antibody incubation the next morning after 3
times phosphate buffer saline with Tween 20 (PBST) washing.
The 3,3-diaminobenzidine tetrahydrochloride (DAB) substrate-
chromogen system was used to detect the peroxidase activity. The
following calculation of all slides was derived from the previous
report (32).
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FIGURE 1

Expression of DEGs and DMGs between the uterine fibroid and normal myometrium tissue. (A) Bar plot for differentially expressed genes (DEGs)
between the two groups. Red bar, down-regulated DEGs in UFs compared with NM; blue bar, up-regulated DEGs in UFs compared with NM.
(B) Distribution characteristics of log2FC of differential methylation probes. The X-axis is the log2FC value of the differential methylation probe
(UFs vs. NM). (C) Bar plot for differentially methylated genes (DMGs) between the two groups, Red bar, down-regulated DMGs in UFs; blue bar,
up-regulated DMGs in UFs compared with NM. (D) Venn diagram of DMGs and DEGs, the overlapped part is used for further analysis. NM, normal
myometrium, UFs, uterine fibroids.

FIGURE 2

Enrichment of methylation related genes (MRGs). (A) The top 5 terms (ordered from small to large by FDR) of GO enrichment analysis. (B) KEGG of
MRGs.
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2.12. ROC curve analysis

The “pROC” package (version 1.18.0) was used for ROC curve
analysis and the area under the curve (AUC) was used to estimate
the diagnostic value of key genes. We verified the expression of
key genes in samples at the DNA methylation level and mRNA
expression level.

2.13. Statistical analysis

The statistical significance of differences between the two
groups in Figures 5, 6 was analyzed using a t-test. P value less than
0.05 was considered significant. All analyses were conducted on R
(version 4.1.2) and SPSS (version 24.0).

3. Results

3.1. Identification of DEGs and DMGs

A total of 267 DEGs between the uterine fibroid and normal
myometrium tissue (133 up-regulated and 134 down-regulated)
were identified in GSE64763 (Figure 1A and Supplementary
Table 1). Differentially methylation probes were identified under
the threshold of |log2FC| > 0.1 (Figure 1B). Among them, 4,046
hypomethylation genes and 5938 hypermethylation genes were
extracted (Figure 1C). There were 167 genes overlapped in DEGs
and DMGs (Figure 1D and Supplementary Table 1). We mainly
carried out the follow-up analysis on these 167 genes.

3.2. Enrichment of methylation related
genes (MRGs)

The extracted 167 DEGs with distinct methylation levels were
defined as methylation related genes (MRGs). We performed
functional enrichment analysis on 167 MRGs. Figure 2A showed
the top five terms (ordered by FDR) of GO enrichment analysis
(Supplementary Table 2). A total of three pathways were enriched
under the KEGG analysis, including the “Wnt signaling pathway,”
“JAK-STAT signaling pathway,” and “Complement and coagulation
cascades” (Figure 2B and Supplementary Table 2).

3.3. Autophagy and PPI

We extracted 232 autophagy related genes from the autophagy
website3 (Supplementary Table 3), then overlapped 167 MRGs
with those 232 autophagy related genes, FOS and TNFSF10 were
identified. The mRNA expression of FOS and TNFSF10 in the UFs
and myometrium was verified based on the normalized datasets.
As shown in Figure 3A, both the FOS and TNFSF10 expression
was down-regulated in the UFs group compared with the normal

3 http://www.autophagy.lu/index.html

myometrium. The PPI network was visualized based on 167
MRGs with the combined scores of every node restricted over
0.5 (Supplementary Table 4). As shown in Figure 3B, the green-
marked FOS and TNFSF10 were illustrated, and FOS connected
with more complex interaction network than TNFSF10. Therefore,
further analysis was presented with FOS priority.

3.4. Estimation of stromal and immune
scores

The stromal and immune scores were further estimated based
on the extracted dataset. The immune scores of uterine fibroid
samples were significantly lower than that of normal myometrium
(Figure 4A), while the stromal scores showed no significant
difference between UFs and myometrium (Figure 4B). FOS
presented a correlation with immune scores and the immune scores
were raising up along with the increase in FOS expression level
(Figure 4C). The stromal scores presented no correlation with the
FOS expression according to the spearman analysis (Figure 4D).

3.5. Baseline characteristics of the
patients

The characteristics of the total of 20 recruited patients were
presented in Table 2. The mean age of the patients (±standard
deviation) was 44.2 ± 5.75 years, ranging from 31 to 56. The 7(35%)
of fibroids were located in the anterior of the uterine in this study.
The maximum diameter of fibroids was less than 8 cm in most of
the patients (18/20). Most of the patients (18/20) had no history of
myomectomy before.

3.6. The expression of FOS in fibroids and
normal myometrium from UFs patients

The expression of FOS was investigated using real-time
quantitative PCR and IHC in the fibroid and paired myometrium
from 20 UFs patients. As shown in Figure 5, FOS was
downregulated in the fibroid tissue compared with the normal
in both mRNA (Figure 5A) and protein levels (Figure 5B, C).
Compared with the partial positive of FOS in the myometrium,
fibroid tissue was nearly negative in FOS, only a minority week-
stained cell could be captured in the IHC slice, and the IHC score
of all samples was shown in Figure 5C.

3.7. Diagnostic value

The diagnosis model of FOS was built based on GSE64763.
AUC was 0.856 (95% confidence interval: 75.2–95.9%), and the
sensitivity and specificity were 0.862 and 0.739, respectively
(Figure 6A). GSE45188 was used as a validation cohort to support
the low expression of FOS in the fibroid samples (Figure 6B and
Supplementary Table 5). Figures 6C, D showed the differential
methylation probes of FOS, indicating that FOS was in the
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FIGURE 3

Autophagy genes in methylation related genes (MRGs). (A) The expression differences of autophagy gene in MRGs. (B) PPI network of MRGs and the
position of autophagy gene in the network. Red marks down-regulated MRGs, blue marks up-regulated MRGs, and green marks the location of
autophagy genes. NM, normal myometrium, UFs, uterine fibroids. ∗∗∗∗P < 0.0001.

FIGURE 4

Estimation of stromal and immune scores between the fibroid and normal myometrium tissue. (A) Immune scores in the two groups. (B) Stromal
scores in the two groups. (C,D) Correlation between FOS and stromal scores as well as immune scores. ∗∗∗∗P < 0.0001.
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FIGURE 5

The expression of FOC in fibroid and normal myometrium tissue. (A) The relative expression of FOS in the mRNA level. (B) Immunohistochemical
results of typical samples from two groups, all images were presented at 20-X. (C) IHC score. NM, normal myometrium, UFs, uterine fibroids.
*P < 0.05.

hypermethylation state in the fibroid samples (Supplementary
Table 5).

4. Discussion

Uterine fibroids (UFs) are regarded as the most common pelvic
tumors in women of childbearing age and usually cause heavy
menstrual bleeding, pain, and infertility. Although previous studies
have demonstrated the potential biomarkers for the origin and
development of UFs, the efficacies were still unclear. In this study,
FOS was identified as a potential biomarker as well as a possible
molecular mechanism underlying the development of UFs by
comprehensively analyzing multiple databases and validating the
down-regulated expression of FOS in UFs tissue by IHC and RT-
PCR.

It has been widely recognized that aberrant DNA methylation is
significantly associated with UFs. Several studies demonstrated that
the aberrant DNA methylation of the key tumor suppressor and
developmental genes may partly involve in the pathogenesis of UFs
via genome-wide DNA methylation assays and in vitro experiments
(24). Therefore, in the current study, we analyzed the overlapped
DEGs and DMGs of 4 datasets, including GSE64763, GSE120854,
GSE45188, and GSE45187. A total of 167 DEGs with aberrant DNA

methylation were identified between UFs and normal myometrium
tissue samples. According to further GO and KEGG analysis, the
DEGs were mainly enriched in connective tissue development
and collagen-containing extracellular matrix, as well as the Wnt
signaling pathway and JAK-STAT signaling pathway. The GO
enrichment results are in line with our common experiments since
UFs are composed of smooth muscle cells and varying amounts of
fibrous connective tissue (33). The wingless-type (Wnt) signaling
is considered a growth and development-related factor of the UFs,
the elevated expression of WNT11, WNT16, and WNT5b, etc.,
were widely reported (34, 35). Canonical Wnt signaling pathway
inhibitors reduce the proliferation of the primary human UFs cells
and especially in the MED12 mutations type UFs which could
be found in 70% of the UFs (36–38). Dai and his colleagues
found that the promotion of uterine fibroids cell proliferation was
accompanied by an increase in STAT-3 protein expression (39).
Those studies supported our analyzed results that Wnt and JAK-
STAT signaling pathways were involved in the development of UFs.

Aautophagy is a key contributor to the pathogenesis of UFs. In
the Andaloussi AE et al. study, dysregulated autophagy has been
shown to promote the growth of UFs in humans (14). Potential
biomarkers of UFs collaborative diagnosis may be explored from
the aspect of DNA methylation and autophagy. Therefore, 2
hub genes (FOS, and TNFSF10) with autophagy involvement
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FIGURE 6

Diagnostic value of FOS. (A) ROC curve analysis and area under curve (AUC) of FOS. (B) GSE45188 supported the low expression of FOS in the
fibroid samples. (C,D) The methylation level of the two differential methylation probes of FOS in GSE45188. ∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001.

were discerned from the overlapping of 167 DEGs and the
aberrantly autophagic genes extracted from the Human Autophagy
Database. According to the PPI network with the more complicated
interaction networks, FOS was speculated as a crucial gene in the
molecular mechanism underlying the development of UFs.

The FOS gene encodes for a protein that contains a
leucine zipper and dimerizes the activator protein 1 (AP1)
complex which works as a transcription factor with the JUN
family (40). The FOS protein has been widely reported in
several cancers and inflammatory diseases as a regulator of cell
proliferation, differentiation, and transformation (41). However,
the relevant studies on the aspect of UFs were limited. The
reduction of FOS in mRNA transcripts has been reported
by Mark Payson et al. by RT-PCR in UFs compared with
myometrium (42), and the decreasing of FOS has been reported
to be impervious to the different menstrual cycle phases or
GnRHa treatment (43). The reduction protein level of FOS was
reported by Lessl M et al. which consists of our results (44).
In the current study, we first extracted FOS as a potential
biomarker of UFs by comprehensive analysis of autophagy and
DNA methylation related genes, which inspired us to that

the origin of UFs may consist of both impaired autophagy
and DNA methylation with the down-regulation of FOS. We
further validated the decreased expression of FOS in UFs
tissue at both mRNA and protein levels by the tissue samples
from Asian females.

Immune and inflammation play important roles in the
pathophysiology of the UFs. The peripheral immune cell presented
diverse conditions in the UFs patients, for instance, circulating
CD4/CD8 T cells were increased while NK cells were decreased
(45). Several studies highlighted the involvement and importance
of the macrophages in the inflammation and consequent fibrosis
which are typical features of UFs tissue (46). The study of indicated
a higher level of macrophage infiltration in the myoma nodules
and the autologous endometrium of the submucosal myomas
(SMM) and intramural myomas (IMM) compared with women
without UFs (47). In the present study, we estimated the immune
scores of FOS in UFs patients, the positive correlation of the
immune scores and the FOS expression indicated that autophagic-
related mechanism was not the unique pathophysiologic prospect
of the UFs, the FOS-related immune disorder may also involve
in this process.
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TABLE 2 Baseline characteristics of the study patients (n = 20).

Parameters No. cases (%)

Age

<40 3 (15%)

40–45 9 (45%)

>45 7 (35%)

Location

Anterior 7 (35%)

Posterior 6 (30%)

Lateral 2 (10%)

Fundal 2 (10%)

others 3 (15%)

Maximum diameter

<5 8 (40%)

5–8 9 (45%)

>8 2 (10%)

Previous pregnancies

0 3 (15%)

1–2 9 (45%)

>2 7 (35%)

Previous myomectomy
Yes 2 (10%)

No 18 (90%)

FOS is considered one of the diagnostic biomarkers of UFs
which presented with decreased expression in UFs tissue. The
diagnostic value of FOS was verified via AUC with a sensitivity of
86.2% and a specificity of 73.9%. However, the limitation is that the
diagnostic value of FOS in UFs still based on invasive hysterectomy
or myomectomy. The present study proposed the hypothesis of the
FOS involved mechanisms of UFs development which is anomalous
DNA methylation and autophagy condition, even the concomitant
immune disorder.

5. Conclusion

In conclusion, we identified FOS as an autophagy-related
biomarker for UFs by the comprehensive analysis of differential
expression genes with aberrant DNA methylation and autophagy-
related genes. And we validated the down-regulation of FOS in UFs
tissue. These findings may reveal a potential diagnostic biomarker
of uterine fibroids.
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Yiwu Maternity and Children Hosptial, Yiwu Branch of Children’s Hospital Zhejiang University School of

Medicine, Yiwu, Zhejiang, China

Background: Primary ovarian insu�ciency (POI) leads to not only infertile but

several adverse health events to women. Traditional treatment methods have

their own set of limitations and drawbacks that vary in degree. Application of

human umbilical cord mesenchymal stem cell (hUCMSC) is a promising strategy

for POI. However, there is a lack of literatures on application of hUCMSC in human.

Animal experimental model, however, can reflect the potential e�ectiveness of

this employment. This study aimed to evaluate the curative e�ect of hUCMSC on

animals with POI on a larger scale.

Methods: To gather data, Pubmed, Embase, and Cochrane Library were searched

for studies published up to April 2022. Various indices, including the animals’

estrous cycle, serum sex hormone levels, and follicle number in the ovary, were

compared between the experimental group and those with Premature Ovarian

Insu�ciency (POI).

Results: The administration of human umbilical cord-derived mesenchymal stem

cells (hUCMSC) has been shown to significantly improve the estrous cycle (RR:

3.32, 95% CI: [1.80, 6.12], I2 = 0%, P = 0.0001), but robustly decrease its length

(SMD: −1.97, 95% CI: [−2.58, −1.36], I2 = 0%, P < 0.00001). It can also strikingly

increase levels of serum estradiol (SMD: 5.34, 95% CI: [3.11, 7.57], I2 = 93%, P <

0.00001) and anti-müllerian hormone (SMD: 1.92, 95% CI: [0.60, 3.25], I2 = 68%,

P = 0.004). Besides, it lowers levels of serum follicle-stimulating hormone (SMD:

−3.02, 95% CI: [−4.88,−1.16], I2 = 93%, P= 0.001) and luteinising hormone (SMD:

−2.22, 95% CI: [−3.67,−0.76], I2 = 78%, P= 0.003), and thus collectively promotes

folliculogenesis (SMD: 4.90, 95% CI: [3.92, 5.88], I2 = 0%, P < 0.00001).

Conclusions: Based on the presented findings, it is concluded that the

administration of hUCMSC in animal models with POI can result in significant

improvements in several key indicators, including estrous cycle recovery, hormone

level modulation, and promotion of folliculogenesis. These positive outcomes

suggest that hUCMSC may have potential as a treatment for POI in humans.
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However, further research is needed to establish the safety and e�cacy of

hUCMSC in humans before their clinical application.

Systematic review registration: https://inplasy.com/inplasy-2023-5-0075/,

identifier: INPLASY202350075.

KEYWORDS

primary ovarian insu�ciency, human umbilical cord mesenchymal stem cells, animal

model, meta-analysis, estrous cycle, hormone level, folliculogenesis

1. Introductions

Primary ovarian insufficiency (POI), also known as premature

ovarian failure (POF), is a syndrome characterized by reduced

or absent ovarian function (hypogonadism) and elevated levels

of gonadotropins, specifically luteinising hormone (LH) and

follicle-stimulating hormone (FSH) (hypergonadotropic) (1, 2).

This occurs due to the lack of negative sex-steroid and inhibin

feedback. Therefore, POI is also referred to as hypergonadotropic

hypogonadism. The condition is diagnosed when oocytes and the

surrounding support cells are lost before the age of 40 years,

along with serum FSH levels above the threshold range of 30–

40 mIU/mL twice (at least 1 month apart). POI is a systemic

disease that can lead to various effects. Recent research has

summarized the long-term health consequences of POI, including

an increased risk of cardiovascular disease (CVD), decreased

bone mineral density, significantly reduced fertility, psychological

distress, vulvovaginal atrophy, neurological effects, and overall

reduced life expectancy (3). While the incidence of POI is not

peculiar, the underlying causes of this condition remain largely

unknown (4). Despite extensive research, the etiology of POI is

still not fully elucidated, and it is considered a complex and

multifactorial condition. Genetic disorders, such as chromosomal

abnormalities, are among the most prevalent causes of POI (5).

These disorders can lead to early ovarian failure and an increased

risk of POI. However, other factors like autoimmune diseases,

iatrogenic injuries, and infectious diseases can also contribute to

the onset of POI (6–8). In some cases, autoimmune disorders

like systemic lupus erythematosus or Hashimoto’s thyroiditis can

trigger the body’s immune system to attack ovarian tissue, leading

to POI (9). Additionally, with the increasement of gynaecologic

cancer, medical treatments like chemotherapy, radiation therapy,

or surgical removal of the ovaries can also cause damage to the

ovarian tissue, leading to POI (10). Infections, such as mumps,

tuberculosis, or sexually transmitted diseases like gonorrhea, can

Abbreviations: AMH, anti-mullerian hormone; ART, assisted reproductive

technology; CI, confidence interval; CVD, cardiovascular disease; E2,

estradiol; FSH, follicle stimulating hormone; GC, granulosa cell; GSC,

germline stem cell; GnRH, gonadotropin-releasing hormone; HRT, hormone

replacement therapy; hUCMSC, human umbilical cord mesenchymal stem

cell; IVA, in vitro activation; IVF-ET, in vitro fertilization and embryo

transfer; LH, luteinizing hormone; MeSH, medical subject heading; POF,

premature ovarian failure; POI, primary ovarian insu�ciency; PRISMA,

preferred reporting items for meta-analysis and systematic review; RCT,

randomized clinical trail; RR, risk ratio; SMD, standardized mean di�erence;

TC, theca cell.

also contribute to POI by damaging the ovaries or disrupting their

function (11). Given the complex and multifactorial nature of POI,

early detection and timely intervention are crucial to help manage

the condition and improve the quality of life of affected individuals.

Therefore, a better understanding of the factors contributing to POI

and advancements in diagnostic methods can aid in developing

effective treatments and management strategies for this condition

(12). Currently, traditional therapy for POI is limited. To patients

without desire for pregnancy, hormone replacement therapy (HRT)

is appropriate. HRT can significantly relieve POI symptoms and

decrease bone fracture and CVD risks. It can even help fertility for

those females who still have ovarian follicle reserve (13). Infertility

treatment is another therapeutic aspect for POI. Oocyte donation

is a traditional but useful way to help delivery, but is limited in

many countries and regions. A way to preserve fertility is the

cryopreservation of oocytes, embryos and ovarian tissues. For those

who undergo radiotherapy, GnRH analog can help protect fertility,

but some data are conflicting. Furthermore, a new method called

in vitro activation (IVA) of dormant follicles can help patients

with POI conceive as well (14). However, all of these therapies

can be conducive to helping a small proportion of patients with

POI. Human umbilical cord mesenchymal stem cell (hUCMSC)

is mesenchymal stem cells derived from Wharton’s jelly of a fetal

umbilical cord. These cells have multiple differentiation potentials.

They can generate cell types such as adipocytes, osteocytes and

cartilage. In addition, neurons, astrocytes, glial cells, liver and

islet cells are the potential lineage of hUCMSC (15). Stem cell

therapy has been proposed for a long time. Some clinical trials

have tried to understand the therapeutic effect of hUCMSC in

POI. Evidence revealed follicular activated, estradiol (E2) increased

and FSH decreased after hUCMSC transplantation in patients

with POI (16, 17). Collagen scaffold with hUCMSC is another

stem cell delivery approach that has shown a therapeutic effect.

In an in vivo study, hUCMSC activated primordial follicles by

phosphorylating FOXO3a and FOXO1 (17). Apart from clinical

trials, many studies tested the therapeutic effect of hUCMSC on

the ovary of animals. For instance, hUCMSC introduction led to

an atretic follicle decrease and a healthy antral follicle increase in

mice. Granulosa cell (GC) apoptosis induced by POI was inhibited.

Based on molecular analysis, the expression of SOD2, CAT and

Bcl2 mRNA increased, whereas Bax mRNA expression declined

(18). Given that these genes are associated with oxidation and

apoptosis, hUCMSC infusion may influence the antioxidative and

antiapoptotic procedures of the ovary. Furthermore, in vivo cell

culture found that hUCMSC can secrete VEGF, IGF-1 and HGF

(19). Through Sirius red and Masson trichrome staining of the

ovary tissue, researchers found that fibrosis developed in POI rats,

but after hUCMSC treatment, the fibrosis area was significantly
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reduced. The TGF-β1 signaling pathway is a crucial immune

regulative factors (20), also reportedly involved in hUCMSC

regulation. The hUCMSC can inhibit the expression of TGF-β1
and p-smad3 in the ovary, thereby depressing the differentiation

of stromal cells into inner theca cells (TCs) and consequently

inhibiting fibrosis in POI rats (21). However, only few integrated

analyses have been found. Thus, this study aimed to summarize

the results of animal studies investigating on hUCMSC and POI,

form more valid evidence and confirm the therapeutic effect of

hUCMSC on experimental animals compared with the POI model

by analyzing the estrous cycle, serum sex hormone and ovarian

follicles in the two groups.

2. Methods

This systematic meta-analysis appraises the association

between employment of hUCMSC and the indices of ovarian

reserve function in experimental animal models. We followed

the preferred reporting items for meta-analysis and systematic

review (PRISMA) 2020 guidelines and putting forward the

research question using the PECOS format. We have registered

at International Platform of Registered Systematic Review and

Meta-analysis Protocols (INPLASY). Registration number is

INPLASY202350075.

2.1. Search strategy

We searched the Pubmed, Embase and Cochrane Library

databases. Specific search strategy is “((Primary Ovarian

Insufficiency) OR (Premature Ovarian Failure) OR (Gonadotropin-

Resistant Ovary Syndrome) OR (Hypergonadotropic Ovarian

Failure)) AND ((Stem cell) OR (Progenitor Cell))”. To conclude,

we used MeSH terms and their typical synonyms and combined

them with “OR.” Then, we combined the results of “primary

ovarian insufficiency” and “stem cell” with “AND.” All results from

the date of database establishment to 1 April 2022 were included.

2.2. Inclusion and exclusion criteria

Initially, we excluded all duplicated studies. Subsequently,

we collected studies that met the following criteria: female

animals; hUCMSC; successful POF model establishment; and

serum hormone, follicle count and estrous cycle as the outcome.

Furthermore, the following five study types were excluded: reviews

and meta-analysis, studies that are not associated with stem cell or

POI, non-animal studies, case reports and animal studies without

hUCMSC application. After selecting studies related to hUCMSC

and POI, we thoroughly read the full text and further excluded

FIGURE 1

Flow diagram on search procedure of Pubmed, Embase and Cochrane Library and the exclusion criteria.
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TABLE 1 Characteristics of the included studies.

First
author

Country Publication
year

Experiment
animal

Total
animal
numbers

Animal
age

Model
establishment

Establishment
time

Transplantation
time

Transplantation
route

Available
outcome∗

Web link

Jian Shen China 2020 BALB/c mice 110 7–8 weeks

old

Cyclophosphamide 14 d 60 d tail vein Estrous

cycle;

Follicle

number; E2 ;

FSH

https://www.

wjgnet.com/

1948-0210/full/

v12/i4/277.htm

He Jie China 2021 BALB/C female

mice

30 7 to 8 weeks Cyclophosphamide

+ baixioan

1 d 15 d tail vein E2 ; FSH;

AMH; LH;

Follicle

number

https://

cellmolbiol.org/

index.php/CMB/

article/view/4071

Amr K.

Elfayomy

Saudi

Arabia

2016 albino Wistar

rats

95 - Paclitaxel 1 d 6 wk in situ Follicle

number; E2 ;

FSH

https://www.scien

cedirect.com/scie

nce/article/pii/S0

040816616300246

?via%3Dihub

Xunyi

Zhang

China 2020 SD rats 80 6–8 weeks pZP3 suspension 1 d 20 d in situ Estrous

cycle; E2 ;

FSH; LH;

Follicle

number

https://www.

tandfonline.com/

doi/full/10.1080/

09513590.2021.

1878133

Ladan

Jalalie

Iran 2021 C57BL/6 mice 30 6–8-week-

old

Cyclophosphamide 15 d 1 wk tail vein Follicle

number;

FSH; E2

https://www.scien

cedirect.com/scie

nce/article/abs/pii

/S0065128120301

574?via%3Dihub

Taoran

Deng

China 2021 C57BL/6 mice 27 6–7 weeks

old

Cyclophosphamide

and busulfan

1 d 2 wk tail vein Estrous

cycle;

Follicle

number; E2 ;

FSH

https://link.

springer.com/

article/10.1007/

s43032-021-

00499-1

Dan Song China 2016 Wistar rats 40 8 weeks old Cyclophosphamide 1 d 6 wk tail vein+in situ E2 ; FSH;

AMH;

Follicle

number

https://www.

hindawi.com/

journals/bmri/

2016/2517514/

Zhe

Wang

China 2020 SD rats 120 8 weeks old Ovarian antigen 30 d 2 wk tail vein Estrous

cycle;

Follicle

number

https://www.

hindawi.com/

journals/sci/2020/

3249495/
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TABLE 1 (Continued)

First
author

Country Publication
year

Experiment
animal

Total
animal
numbers

Animal
age

Model
establishment

Establishment
time

Transplantation
time

Transplantation
route

Available
outcome∗

Web link

Shufang

Wang

China 2013 CD1 (ICR) mice 45 - Cyclophosphamide 15 d 1 wk tail vein Follicle

number

https://www.

hindawi.com/

journals/bmri/

2013/690491/

Yanjun

Yang

China 2019 C57BL/6 mice 24 6 weeks old Cyclophosphamide 15 d 4 wk in situ Estrous

cycle; E2 ;

FSH; AMH;

Follicle

number

https://link.

springer.com/

article/10.1007/

s11626-019-

00337-4

Qun

Zheng

China 2019 SD rats 40 12 weeks

old

Cyclophosphamide 15 d 2 wk tail vein Estrous

cycle; AMH;

E2 ; FSH;

Follicle

number

https://www.

hindawi.com/

journals/bmri/

2019/6539294/

∗Wang et al. (30), Wang et al. (31), and Zheng et al. (33) lack exact data of serum sex hormone.

TABLE 2 Quality assessment of the included studies.

Study ① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨ ⑩

Shen et al. (23) No Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Jie et al. (24) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Elfayomy et al.

(25)

Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Zhang et al. (26) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Jalalie. et al. (27) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Deng. et al. (23) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Song et al. (28) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Wang et al. (29) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Wang et al. (30) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Yang et al. (31) Unknown Yes Unknown Unknown Unknown Unknown Yes Yes Yes Yes

Zheng et al. (32) Unknown Yes Unknown Unknown Unknown Unknown Yes Unknown Yes Yes

SYRCLE animal experiment bias risk assessment form:① Distribution sequence production is sufficient ② Baselines of groups are the same ③ Distribution concealing is sufficient ④ Experiment animals are randomly fed ⑤ Blinding to researcher ⑥ Randomly select

animals to assess result ⑦ Blinding to result evaluator ⑧ No incomplete data ⑨ No selective result report ⑩ No other biases.
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studies that we failed to collect the exact data and studies with no

outcomes that we aimed.

2.3. Data extraction and statistical analysis

Data were extracted and qualifiedly assessed by using “SYRCLE

animal experiment bias risk assessment form.” We used risk

ratios (RRs) with 95% confidence intervals (CI) for categorical

data, and standardized mean difference (SMD) for numerical

data to combine studies. If the heterogeneity test showed I2 >

50%, we used random effects model. Otherwise, we used fixed

effects model. All statistical data were analyzed on RevMan 5.4

(22). The extracted data from each study included the first

author, country or region, publishing year, experiment animal,

POI model establishing method, hUCMSC intervention situation,

group situation and outcome data. During the analysis, we firstly

tested the heterogeneity of the studies and selected the effects

model, asmentioned before. Then, we divided the studies according

to unit, injection location, hUCMSC concentration, transplantation

time and follicle type for the subgroup analyses. Sensitivity was

assessed by eliminating studies one by one. We also used funnel

plot to determine the publication bias. All statistical significances

were defined at P < 0.05.

3. Results

3.1. Description of search results

We identified 446, 335 and 16 studies from Pubmed, Embase

and Cochrane Library, respectively. Among them, 175 duplicate

studies, 223 reviews or meta-analyses, 204 studies that are not

associated with stem cell or POI, 26 animal studies, 44 case reports

and 95 animal studies without hUCMSC used were excluded.

Conclusively, 30 animal studies remained, and they were all

correlated to hUCMSC and POI. After full text reading, we further

excluded 16 studies because we failed to obtain the exact data, and

three studies because they lack our aimed outcome. Ultimately, 11

studies were analyzed (Figure 1) (23–33).

3.2. Basic characteristics and quality
assessment

We extracted the data on the first author, country,

publication year, experiment animal number and situation,

model establishment situation, group situation, some outcomes

and web link. We included nine studies from China (23, 24, 26, 28–

33), one from Saudi Arabia (25) and one from Iran (27). A total

of 158 stem cell–treated animals and 155 POI model animals were

included. Eight studies infused hUCMSC by tail vein (23, 24, 27–

31, 33), whereas four injected hUCMSC directly into the ovary

(25, 26, 29, 32); in addition, one study compared the effects of these

two methods (29). Stem cell concentrations varied, ranging from 1

× 105 to 5× 106. However, the concentration units in some studies

were unclear; thus, we only conducted a subgroup analysis by stem

cell concentration in hormone analyses. Transplantation time also

varied. Some studies set a series of observation time to better show

the effect of hUCMSC. To simplify our analysis, we only chose the

data at the end of the study for our meta-analysis (Tables 1, 2). In

order to identify the effect of different transplantation time, we

conducted a subgroup analysis as well.

3.3. Analysis of outcomes

3.3.1. Estrous cycle
Five studies reported estrous cycle situation (23, 26, 28, 30, 32).

Two outcomes were used to divide them into two analyses. Of the

five studies, two (23, 30) calculated the proportion of animals with

normal estrous cycle. Based on different cell concentrations, four

groups were included in one analysis. The three other studies (26,

28, 32) measured the length of the estrous cycle in animals. Results

showed that hUCMSC significantly improved the proportion of

animals with normal estrous cycle (RR: 3.32, 95% CI: [1.80, 6.12],

I2 = 0%, P = 0.0001; Figure 2A) and shortened the estrous cycle

length (SMD: −1.97, 95% CI: [−2.58, −1.36], I2 = 0%, P <

0.00001; Figure 2B). Based on the location of stem cell injection,

the subgroup analysis showed that estrous cycle improvement is

independent of the injection site (Table 3).

3.3.2. E2
Eight studies reported serum E2 levels (23–29, 32). Based on

the injection location, nine groups were included in the analysis.

Serum E2 significantly increased in the hUCMSC group compared

with that in the POI model group (SMD: 5.34, 95% CI: [3.11,

7.57], I2 = 93%, P < 0.00001; Figure 3A). We conducted a

subgroup analysis according to the statistical units, stem cell

injection location and stem cell concentration. Besides, as some

included studies compared several transplantation time, we also

conducted a subgroup analysis based on it. The elevation of serum

E2 level was not significant when calculated by ng/mL or when

the stem cell concentration was 2 × 10e6. However, the effect of

hUCMSC on the serum E2 level of animals was independent of

the injection location. Significance was observed in all intervention

time subgroup, indicating hUCMSC can increase serum E2 level at

the beginning of 2 weeks (Table 3).

3.3.3. AMH
Three studies reported serum AMH (24, 29, 32). Based on the

injection location, four groups were included in the analysis. Serum

AMH significantly increased in the hUCMSC group compared with

that in the POI model group (SMD: 1.92, 95% CI: [0.60, 3.25], I2 =

68%, P = 0.004; Figure 3B). The subgroup analysis revealed that

serum AMH was independent of the statistical units and injection

location. However, when the stem cell concentration was 2 × 10e5

and 2 × 10e6, no significant change was observed between the

model and hUCMSC groups (Table 3).

3.3.4. FSH
Eight studies reported serum FSH levels (23–29, 32). Based on

the injection location, nine groups were included in the analysis.
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FIGURE 2

Forest plot of animals’ estrous cycle situation in the hUCMSC group versus the POI model group. (A) Numerous animals in the hUCMSC group

recovered normal estrous cycle compared with those in the POI model group (RR: 3.32, 95% CI: [1.80, 6.12], I2 = 0%, P = 0.0001). (B) The cycle length

significantly decreased in the hUCMSC group compared with that in the POI model group (SMD: −1.97, 95% CI: [−2.58, −1.36], I2 = 0%, P < 0.00001).

Compared with the POI model group, the hUCMSC group showed

a significant reduction in serum FSH (SMD: −3.02, 95% CI:

[−4.88, −1.16], I2 = 93%, P = 0.001; Figure 3C). According to the

statistical units, stem cell injection location, stem cell concentration

and transplantation time, the subgroup analysis showed that no

significant change was observed when hUCMSC was injected in

situ and when the stem cell concentration was 2 × 10e6. However,

in most cases, the FSH level decreased significantly after hUCMSC

injection. Meanwhile, FSH decreases significantly 2 weeks after

hUCMSC injection, indicating the effect of hUCMSC works at the

beginning of 2 weeks (Table 3).

3.3.5. LH
Two studies reported serum LH (24, 26). Given that they

used different calculation units, injection location and stem cell

concentration, we conducted a subgroup analysis. Compared with

the POI model group, the hUCMSC group showed a significant

decrease in serum LH (SMD: −2.22, 95% CI: [−3.67, −0.76], I2

= 78%, P = 0.003; Figure 3D). Subgroup analysis results showed

that the treatment effect on LH concentration was independent of

the calculation unit, injection location and stem cell concentration

(Table 3).

3.3.6. Follicle number
Ten studies determined the follicle count in animals (24–33).

However, considering the various follicle types, we only conducted

a subgroup analysis based on the follicle types (Figure 3E). All

subgroups, except the atresia follicles (P = 0.08) and corpus

luteum (P = 0.45), showed significant differences. After hUCMSC

injection, the antral follicles (SMD: 4.64, 95% CI: [2.89, 6.39], I2

= 87%, P < 0.00001), secondary follicles (SMD: 2.14, 95% CI:

[1.07, 3.21], I2 = 84%, P < 0.0001), primordial follicles (SMD:

1.68, 95% CI: [0.26, 3.09], I2 = 89%, P = 0.02), pre-antral follicles

(SMD: 1.73, 95% CI: [0.37, 3.10], I2 = 70%, P = 0.01), primary

follicles (SMD: 2.23, 95% CI: [1.10, 3.35], I2 = 85%, P = 0.0001)

and all follicles (SMD: 4.90, 95% CI: [3.92, 5.88], I2 = 0%, P <

0.00001) significantly increased compared with those in the POI

model group.

3.4. Sensitivity analysis

By picking out studies one by one, we conducted a sensitivity

analysis on five outcomes of the estrous cycle, E2, FSH, AMH

and LH. Results of the estrous cycle, E2, FSH and LH were

stable, but after picking out Jie et al. (24) or Yang et al. (32), the

heterogeneity of the AMH outcome reduced significantly (Jie et

al.: I2 = 0%, P = 0.53; Yang et al.: I2 = 43%, P = 0.17). The

data unit, transplantation time and study animals may explain

the heterogeneity; larger data are needed to determine the origin

(Table 4).

3.5. Publication bias

Funnel plots of the normal estrous cycle proportion, E2, FSH

and follicle number are asymmetric, whereas those of the estrous

cycle length, AMH and LH are symmetric. Publication bias likely

existed, especially in the results of the estrous cycle, E2, FSH and

follicle number (Figure 4).
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TABLE 3 Subgroup analysis results of animals’ estrous cycle and serum hormone level.

Comparison Result

Estrous cycle length Subgroup name Study number Included study SMD [95%CI] I2 P

Injection location

Tail vein 1 Deng et al. (28) −1.58 [−2.74,−0.41] Not applicable 0.008

In situ 2 Zhang et al. (26); Yang

et al. (34)

−2.12 [−2.83,−1.41] 13% <0.00001

E2 Subgroup name Study number Included study SMD [95%CI] I2 P

Calculate unit

unknown 1 Shen et al. (23) 9.68 [4.09, 15.27] Not applicable 0.0007

pg/mL, ng/L 6 Elfayomy et al. (25);

Song et al.–in situ (29);

Dan Song et al.–tail vein

(29); Jie et al. (24); Jalalie

et al. (27); Zhang et al.

(26)

6.07 [2.84, 9.31] 94% 0.0002

ng/mL 1 Deng et al. (28) 0.25 [−0.73, 1.24] Not applicable 0.62

pmol/L 1 Yang et al. (32) 6.41 [3.86, 8.95] Not applicable <0.00001

Injection location

Tail vein 5 Song et al.–tail vein (29);

Jie et al. (24); Jalalie et al.

(27); Shen et al. (23);

Deng et al. (28)

5.32 [1.86, 8.79] 92% 0.003

In situ 4 Elfayomy et al. (25);

Song–in situ et al. (29);

Zhang et al. (26); Yang

et al. (32)

6.25 [1.67, 10.82] 95% 0.007

Stem cell concentration

1× 10E5 1 Zhang et al. (26) 0.69 [0.05, 1.33] Not applicable 0.03

2× 10E5 1 Yang et al. (32) 6.41 [3.86, 8.95] Not applicable <0.00001

1× 10E6 5 Song–tail vein et al. (29);

Jie et al. (24); Jalalie et al.

(27); Shen et al. (23);

Deng et al. (28)

5.32 [1.86, 8.79] 92% 0.03

2× 10E6 2 Elfayomy et al. (25);

Song et al.–in situ (29)

10.44 [−6.37, 27.24] 97% 0.22

Transplantation time

2 weeks or 15 days 5 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23); Deng

et al. (28)

2.26 [1.11, 3.42] 61% 0.0001

4 weeks or 30 days 5 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23); Deng

et al. (28)

3.91 [0.96, 6.86] 92% 0.009

6 weeks or 45 days 4 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23)

7.33 [1.87, 12.78] 93% 0.008

60 days 1 Shen et al. (23) 9.68 [4.09, 15.27] Not applicable 0.0007

AMH Subgroup name Study number Included study SMD [95%CI] I2 P

Calculate unit

ng/mL 1 Jie et al. (24) 3.64 [2.11, 5.17] Not applicable <0.00001

(Continued)
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TABLE 3 (Continued)

Comparison Result

Subgroup name Study number Included study SMD [95%CI] I2 P

pg/mL 3 Song et al.–in situ (29);

Song et al.–tail vein (29);

Yang et al. (32)

1.14 [0.37, 1.92] 0% 0.004

Injection location

Tail vein 2 Song et al.–tail vein (29);

Jie et al. (24)

2.84 [1.11, 4.57] 51% 0.001

In situ 2 Song et al.–in situ (29);

Yang et al. (32)

1.00 [0.15, 1.85] 0% 0.02

Stem cell concentration

2× 10E5 1 Yang et al. (32) 0.81 [−0.16, 1.78] Not applicable 0.1

1× 10E6 2 Song et al.–tail vein (29);

Jie et al. (24)

2.84 [1.11, 4.57] 51% 0.001

2× 10E6 1 Song et al.–in situ (29) 1.62 [−0.16, 3.40] Not applicable 0.07

FSH Subgroup name Study number Included study SMD [95%CI] I2 P

Calculate unit

unknown 1 Shen et al. (23) −7.28 [−11.56,−3.00] Not applicable 0.0009

mIU/mL, U/L, IU/L 7 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Jie et al. (24); Jalali et al.

(27); Deng et al. (28);

Yang et al. (32)

−2.26 [−4.11,−0.41] 92% 0.02

pg/mL 1 Zhang et al. (26) −5.27 [−6.64,−3.91] Not applicable <0.00001

Injection location

Tail vein 5 Song et al.–tail vein (29);

Jie et al. (24); Shen et al.

(23); Jalali et al. (27);

Deng et al. (28)

−2.51 [−4.19,−0.84] 82% 0.003

In situ 4 Elfayomy et al. (25);

Song et al.–in situ (29);

Zhang et al. (26); Yang

et al. (32)

−3.40 [−7.44, 0.65] 96% 0.1

Stem cell concentration

1× 10E5 1 Zhang et al. (26) −5.27 [−6.64,−3.91] Not applicable <0.00001

2× 10E5 1 Yang et al. (32) 1.49 [0.41, 2.56] Not applicable 0.007

1× 10E6 5 Song et al.–tail vein (29);

Jie et al. (24); Shen et al.

(23); Jalali et al. (27);

Deng et al. (28)

−2.51 [−4.19,−0.84] 82% 0.003

2× 10E6 2 Elfayomy et al. (25);

Song et al.–in situ (29)

−4.96 [−11.50, 1.59] 95% 0.14

Transplantation time

2 weeks or 15 days 5 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23); Deng

et al. (28)

−2.10 [−3.71,−0.50] 79% 0.01

4 weeks or 30 days 5 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23); Deng

et al. (28)

−3.28 [−5.54,−1.01] 86% 0.005

(Continued)
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TABLE 3 (Continued)

Comparison Result

Subgroup name Study number Included study SMD [95%CI] I2 P

6 weeks or 45 days 4 Elfayomy et al. (25);

Song et al.–in situ (29);

Song et al.–tail vein (29);

Shen et al. (23)

−4.03 [−7.09,−0.97] 87% 0.01

60 days 1 Shen et al. (23) −7.28 [−11.56,−3.00] Not applicable 0.0009

LH Subgroup name Study number Included study SMD [95%CI] I2 P

Calculate unit

mIU/mL 1 Jie et al. (24) −1.46 [−2.47,−0.45] Not applicable 0.005

pg/mL 1 Zhang et al. (26) −2.94 [−3.86,−2.02] Not applicable <0.00001

Injection location

Tail vein 1 Jie et al. (24) −1.46 [−2.47,−0.45] Not applicable 0.005

In situ 1 Zhang et al. (26) −2.94 [−3.86,−2.02] Not applicable <0.00001

Stem cell concentration

1× 10E5 1 Zhang et al. (26) −2.94 [−3.86,−2.02] Not applicable <0.00001

1× 10E6 1 Jie et al. (24) −1.46 [−2.47,−0.45] Not applicable 0.005

4. Discussions

In the year 1942, POI was initially described as a mysterious

ailment that perplexed medical practitioners. As the medical

community’s focus began to shift toward unraveling its elusive

nature, POI gradually gained notoriety and its prevalence surged

to an alarming 1% (35). Chemical injury is a common method to

establish POI model and a main cause of POI clinically apart from

genetic disorders (12, 36). But the pathophysiological change of

POI is similar regardless of etiology. According to our results, the

reduced ovarian function and elevated gonadotropins is reversed

by hUCMSC therapy. Follicles are stimulated as well. Therefore,

we think the therapeutic effect of hUCMSC is adaptable to all

causes. The traditional treatment for POI is HRT, but it only relieves

symptoms. The ovarian function remains poor and bring many

clinical adverse events about in many patients. In a retrospective

cohort study, only 3 of 20 patients achieved pregnancy by assisted

reproductive technology (ART) (37). Besides, patients with HRT

are more likely to develop sleep problems (38). Given these

limitations, stem cell therapy has gained considerable attention

recently. Currently, hUCMSC has two other different forms to

apply, that is, the microvesicles (34) and extracellular vesicles (39)

derived from such cells. Stem cells in the umbilical cord are easy

to acquire and do not cause extra donor injury compared with

the other stem cell types. Considering their proliferative ability,

multidifferentiation and safety, hUCMSC has been researched in

the treatment of respiratory (40), cardiovascular (41), liver (42),

central nervous system (43, 44) and autoimmune (45) diseases

as well as diabetes (46). AMH is crucial in POI diagnosis. In

our search on POI, AMH research has gained a large proportion.

Physiologically, AMH is secreted by primary ovarian follicles and

can negatively regulate the progression of earlier resting follicles

into active and progressive ones (47). Considering that AMH

secretion slightly varies in menstrual cycle and only healthy follicles

secrete it, AMH is considered as a stable marker of ovarian reserve

and POI. Our results showed a significant increase of AMH in

the hUCMSC group, possibly because of the cytokine secreted by

hUCMSC. However, the follicle number increased after stem cell

transplantation; the proliferation of healthy follicles may be the

cause of the AMH increase. Further research is needed to elucidate

the underlying mechanism.

Many factors contribute to the development of infertility.

And the gene expressions of different cases are various according

to the diseases as a bioinformatic analysis showed (48). As a

result, there are only some general treatments of infertility like

IVF-ET and artificial insemination. Etiology based therapy of

infertility is rare. Infertility therapies are mainly ART, aiming

at gaining embryo directly (49). Our meta-analysis confirms

folliculogenesis of hUCMSC in animal models, providing an

etiology-specific therapy of POI. Apart from efficacy, safety

is another important factors under evaluation. Although our

result does not cover safety concerns, several phase 1/2 trials

have been conducted for hUCMSC in other diseases. General

outcomes for safety consideration include immediate infusion

related adverse events, blood test like hepatic and renal function

and blood cell count, inflammatory cytokine level, hypersensitive,

infection, tumorigenesis (50–52). No adverse event is observed in

these studies.

Although many studies tried to determine the mechanism of

hUCMSC, the specific target remains unclear. Apoptosis regulation

was often observed in many animal studies. This result may

be derived from some signaling pathways. In a previous study,

the expression of CK 8/18, TGF-ß and PCNA increased, while

that of CASP-3 decreased (25). Other candidate molecular signals

include Bcl-2 (53) and PI3K-Akt (54). Some researchers also

hypothesized that angiogenesis can explain the anti-apopotic

effect of hUCMSC (32). Further studies should be conducted to

determine the exact mechanism and guide the clinical application

of hUCMSC. However, hUCMSC can definitely promote ovarian

function. Not only AMH but also E2, FSH and LH showed
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FIGURE 3

Forest plot of animals’ serum hormone level and follicle number in the hUCMSC group vs. the POI model group. (A) Serum E2 concentrations

significantly increased in the hUCMSC group compared with those in the POI model group (SMD: 5.34, 95% CI: [3.11, 7.57], I2 = 93%, P < 0.00001).

(B) Serum AMH concentrations significantly increased in the hUCMSC group compared with those in the POI model group (SMD: 1.92, 95% CI: [0.60,

3.25], I2 = 68%, P = 0.004). (C) Serum FSH concentrations significantly decreased in the hUCMSC group compared with those in the POI model

group (SMD: −3.02, 95% CI: [−4.88, −1.16], I2 = 93%, P = 0.001). (D) Serum LH concentrations significantly decreased in the hUCMSC group

compared with those in the POI model group (SMD: −2.22, 95% CI: [−3.67, −0.76], I2 = 78%, P = 0.003). (E) Ovarian follicle count comparison

between the hUCMSC group versus the POI model group. Antral follicles (SMD: 4.64, 95% CI: [2.89, 6.39], I2 = 87%, P < 0.00001), pre-antral follicles

(SMD: 1.73, 95% CI: [0.37, 3.10], I2 = 70%, P = 0.01), secondary follicles (SMD: 2.14, 95% CI: [1.07, 3.21], I2 = 84%, P < 0.0001), primary follicle (SMD:

2.23, 95% CI: [1.10, 3.35], I2 = 85%, P = 0.0001), primordial follicle (SMD: 1.68, 95% CI: [0.26, 3.09], I2 = 89%, P = 0.02) and all follicles (SMD: 4.90, 95%

CI: [3.92, 5.88], I2 = 0%, P < 0.00001) increased significantly in the hUCMSC group compared with those in the POI model group.

significant changes. Estrogen is mainly produced in the ovarian

follicle, and LH and FSH play a crucial role. In addition, GCs

and their aromatase convert androgen into estrogen (55). Our

results proved the therapeutic effect of hUCMSC on E2, FSH

and LH. We also found some pioneering clinical trials, and their

results are optimistic. They investigate antral follicle number and

sex hormone of patients to evaluate their ovary function. After

UCMSC transplantation, patients showed significant recovery of

sex hormone, with decreased level of FSH and increased number

of antral follicle (16, 17). Further pregnancy follow up showed

that UCMSC transplantation does not affect genetic source of fetus

(16). Ovarian volume increases after hUCMSC transplantation

with significance, but no significance was observed in collagen

scaffold group (17). Nevertheless, compared with animal studies,

number of high-quality randomized controlled trials (RCTs) is

little. Considering the differences between animals and humans,

our meta-analysis result cannot fully support stem cell therapy in

POI in human, but can provide a preclinical evidence. However,

given that hUCMSC is proven to be effective in POI animals,

researchers may pay more attention to RCTs. With abundant

and valid RCT evidence, further application of stem cells can

be discussed in the future. According to quality assessment table

(Table 2), major problems are insufficient randomization and

blinding. Thus, it is necessary for researchers to exactly illustrate

their randomization settings and blinding measures to prove the

function of hUCMSC especially in clinical stage. Traditionally,

ovarian follicle number is thought to be fixed and decreases

by age (56). So folliculogenesis is traditionally thought as an
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TABLE 4 Sensitivity analysis of the results.

Outcome Excluded study Number of
observation

I
2 SMD/RR [95%CI] P value of

overall e�ect

Normal estrous cycle

proportion

– 4 0% 3.32 [1.80, 6.12] 0.0001

Shen et al. (23) 3 0% 3.11 [1.66, 5.82] 0.0004

Wang–High et al. (30) 3 0% 2.85 [1.32, 6.13] 0.008

Wang–Low et al. (30) 3 0% 4.08 [1.99, 8.37] 0.0001

Wang–Medium et al. (30) 3 0% 3.31 [1.57, 6.97] 0.002

Duration of estrous cycle – 3 0% −1.97 [−2.58,−1.36] <0.00001

Zhang et al. (18) 2 43% −1.99 [−2.98,−1.00] <0.0001

Yang et al. (32) 2 0% −1.84 [−2.48,−1.20] <0.00001

Deng et al. (28) 2 13% −2.12 [−2.83,−1.41] <0.00001

E2 – 9 93% 5.34 [3.11, 7.57] <0.00001

Shen et al. (23) 8 93% 4.95 [2.69, 7.20] <0.0001

Elfayomy et al. (25) 8 90% 3.89 [2.00, 5.79] <0.0001

Song–in situ et al. (29) 8 94% 5.93 [3.42, 8.44] <0.00001

Song–tail vein et al. (29) 8 94% 5.96 [3.44, 8.48] <0.00001

Jie et al. (24) 8 93% 5.47 [3.06, 7.89] <0.00001

Jalalie et al. (27) 8 92% 4.35 [2.26, 6.44] <0.0001

Zhang et al. (26) 8 93% 6.51 [3.48, 9.54] <0.0001

Deng et al. (28) 8 93% 6.49 [3.60, 9.38] <0.0001

Yang et al. (32) 8 93% 5.13 [2.83, 7.43] <0.0001

FSH – 9 93% −3.02 [−4.88,−1.16] 0.001

Shen et al. (23) 8 93% −2.67 [−4.57,−0.77] 0.006

Elfayomy et al. (25) 8 91% −2.35 [−4.09,−0.62] 0.008

Song–in situ et al. (29) 8 94% −3.22 [−5.29,−1.15] 0.002

Song–tail vein et al. (29) 8 94% −3.21 [−5.27,−1.15] 0.002

Jie et al. (24) 8 94% −3.35 [−5.61,−1.09] 0.004

Jalalie et al. (27) 8 93% −2.76 [−4.71,−0.82] 0.005

Deng et al. (28) 8 93% −3.39 [−5.60,−1.18] 0.003

Yang et al. (32) 8 90% −3.60 [−5.39,−1.81] <0.0001

Zhang et al. (26) 8 91% −2.68 [−4.51,−0.84] 0.004

AMH – 4 68% 1.92 [0.60, 3.25] 0.004

Jie et al. (24) 3 0% 1.14 [0.37, 1.92] 0.004

Song–in situ et al. (29) 3 79% 2.04 [0.25, 3.84] 0.03

Song–tail vein et al. (29) 3 79% 1.97 [0.21, 3.72] 0.03

Yang et al. (32) 3 43% 2.46 [1.14, 3.78] 0.0003

irreversible procedure. Besides, traditional therapy such as HRT

can only relieve symptoms. Fertility preservation is indeed hard

to achieve. But recently, the discovery of stem cell in ovary

gives a new hope for ovarian regeneration. Germline stem cell

(GSC) is identified and isolated from human ovarian cortex. The

property of isolated stem cell is proved to be stable after cell

culture. DDX4, OCT4. IFITM3 and BLIMP-1 are confirmed to

be expressed by the GSC (57). Moreover, it can promote ovarian

function recovery in sterile animals and achieve pregnancy (58).

As our result shows a recovery of ovarian follicle after hUCMSC

transplantation. Given the genetic origin of offspring is not from

hUCMSC donor as clinical trial proves (16), new experiments can

pay some attentions to the effect of hUCMSC on ovarian GSC to

explore the mechanism. Many genes can regulate folliculogenesis.

Genes, cells or molecules such as SP1, mTOR, Ube2i, YAP1,

C1QTNF3, GPR173, ovarian fat pad factors, α-SNAP, CD11c+ cells,
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FIGURE 4

Funnel plots of the (A) normal estrous cycle, (B) estrous cycle length, (C) serum E2, (D) serum FSH, (E) serum AMH, (F) serum LH and (G) follicle count.

M1 MΦs and DCs all play a role in folliculogenesis (59). Some

studies have tried to find the association between these genes and

the hUCMSC treatment effect. For example, Lu Xueyan et al. found

that hUCMSC can inhibit the autophagy of theca-interstitial cells
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via the AMPK/mTOR signaling pathway (60). Depending on our

results, folliculogenesis is a promising direction. Considering that

folliculogenesis is tightly connected to anti-apoptosis in GCs (61),

some cytokines that can affect GCs may be the target of future

mechanism research.

Finally, this study has some limitations that should not be

ignored. Clinical study of hUCMSC is rare, and this is also one

reason for us to conduct this meta-analysis. Preclinical study is an

important part of scientific experiment. Because of limited number

of clinical data, it is not the optimal time to conduct a clinical meta-

analysis. Themeta-analysis of preclinical animal study can promote

the development of clinical trails. The relatively insufficient

included study, medium quality, high diversity and heterogeneity

restrict the application of conclusion. Though random effects

model was applied in the analysis, the impact cannot be fully

eliminated. All included studies are of medium-quality studies, and

higher-quality studies are needed in future research. Due to the

limited number of studies, publication bias likely exists in this

meta-analysis. However, according to current results, hUCMSC

is able to recover ovarian function of POI animals. The result is

not affected by limitation. The mentioned limitation should be

considered when our conclusion serves as an evidence for clinical

study. Thus, we hold a conservative but optimistic view and think

more studies are needed in the future to further support the results.

Considering the characteristic table, we can observe that a standard

animal study procedure has not been formed yet. Future research

may focus on a suitable stem cell concentration and transplantation

time to eliminate heterogeneity.

5. Conclusions

The transplantation of hUCMSC has the potential to restore

the estrous cycle, increase E2 and AMH levels, decrease FSH and

LH levels, and promote folliculogenesis in female rodent models.

The results strongly support the use of this therapeutic strategy

with a promising outlook. It is important to evaluate the safety and

effectiveness of hUCMSC in clinical trials. Randomized controlled

trials should also be approached with caution, and safety and

adverse effects of hUCMSC should be thoroughly examined in

future studies.
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Patients with advanced breast cancer are difficult to treat and have poor

prognosis. At present, the commonly used methods to monitor the disease

progression of breast cancer are imaging examinations such as breast

ultrasound, mammography and peripheral blood tumor markers such as

carcinoembryonic antigen (CEA) and carbohydrate antigen 15-3 (CA15-3).

However, none of them can detect tumor progression at an early stage. Serum

immunoinflammation-related protein complexes (IIRPCs) showed potential to

indicate cancer progression. Therefore, we attempted to monitor the level of

IIRPCs in peripheral blood of patients with metastatic breast cancer and compare

it with patients’ treatment and disease progression, and here we performed case

reports of two of them.

KEYWORDS

immunoinflammation-related protein complexes, breast cancer, serum, biomarker,
disease surveillance
Introduction

In recent years, the breast cancer has become the second leading cause of cancer death

among women after lung cancer in the United States (1). It is also the most common cancer

and the sixth leading cause of cancer death in Chinese women (2). Recurrent and

metastatic breast cancer is currently the most difficult part to diagnosis and treatment.

The sensitivity of imaging tests (such as ultrasound, mammography, MRI, and PET/CT)

and peripheral blood tumor markers currently used in clinical practice is not high enough

(3–5). Early detection of disease progression is also a hot topic of current research. Blood

components such as free DNA and RNA, proteins, peptides, circulating tumor cells, and

metabolites, are indicators of health status as well as disease status (6). And protein

complexes assembled by non-covalent bond interactions have already showed potentials in
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differentiation of disease in different status (7–9). Disease-

specific immune response-related protein complexes in the

blood are associated with disease conditions, especially for cancer

(10). Previous study has revealed that inflammation regulated

by immunoglobulin and immune complexes might be a

functionally significant factor in cancer progression (11). Serum

immunoinflammation-related protein complexes (IIRPCs) were

found significantly different between cancer patients and healthy

control, which including immune-related proteins, inflammation-

related proteins, and complement-related proteins (12). The levels

of IIRPCs in non-small cell lung cancer patients had been found to

vary with cancer progression (13). And monitoring IIRPCs may

help guide therapeutic management (13). We therefore attempted

to monitor IIRPCs in patients with metastatic breast cancer to

explore whether it could reflect disease changes.
Case description

Case 1

The first case was a 54-year-old woman who underwent a

modified radical mastectomy for left breast cancer in May 2018

with a postoperative pathology of invasive ductal carcinoma (IDC).

The maximum diameter of her tumor was 4 cm and the axillary

lymph node had metastasis (2/18). Immunohistochemical results

were ER negative, PR negative, HER-2 positive and ki67 40%.

Postoperatively, the patient did not undergo further radiotherapy,
Frontiers in Oncology 02118
chemotherapy or targeted therapy for personal reasons. The patient

had no significant abnormalities on postoperative review until

January 2020, when the imaging revealed left chest wall

recurrence and multiple lymph node metastases in the left

supraclavicular area, left axilla, and left internal mammary artery.

She came to our hospital in April of the same year. At the time of the

patient’s visit, we retained a specimen of her peripheral blood for

monitoring of IIRPCs, and blood samples were retained at each

subsequent visit for blood testing. Serum protein complexes were

isolated using native polyacrylamide gel electrophoresis (PAGE),

which was described in detail in our previous article (12). The

quality control (QC) sample was a mixture of serum from 5 random

patients. An UMAX PowerLook 2100XL scanner (Techville, Inc.,

USA) was used to scan the stained gel for quantification based on

optical density. The gray value of each band was calculated using

Quantity One software (version 4.6.3, Bio-Rad). The levels of bands

in each gel were exported into Microsoft Excel after the gel

background had been subtracted. Previous research had shown

that the transferrin-related protein complex (TRPC) had no

statistical differences in patients with different sex, age, patterns of

the IIRPCs, or health status (12), so the TRPC can be as an internal

reference for quantifying the IIRPCs. We quantified the gray value

of TRPC in each sample relative to the TRPC of the QC sample to

ensure consistency, and then normalized it to 100. After that the

amounts of serum IIRPCs relative to serum TRPC in each gel were

quantified and calculated. We recommended chemotherapy in

combination with targeted therapy to her. And she began

treatment in June 2020 after careful consideration. Figure 1A
B

C

A

FIGURE 1

(A) Change trends in the levels of the IIRPCs, CEA, and CA15-3 during follow-up of case 1. The left vertical coordinate applied to the values of IIRPCs,
the right vertical coordinate applied to the values of CEA (ng/ml) and CA15-3 (U/ml). (B) Change trends in the levels of the IIRPCs, CEA, and CA15-3
during follow-up of case 2. The left vertical coordinate applied to the values of IIRPCs and CA15-3 (U/ml), the right vertical coordinate applied to the
values of CEA (ng/ml). (C) Examples of serum IIRPCs with or without tumor metastasis. The amount of serum IIRPCs relative to serum TRPC in each gel
was quantified. The gray value of IIRPCs in metastasis patients (A and B) is substantially higher than in disease-free patients (C and D).
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demonstrates the changes in IIRPCs levels at each monitoring visit

and the changes in peripheral blood tumor markers over the

corresponding time period. The level of IIRPCs rose to peak

before treatment and then dramatically fell. The patient’s

condition significantly relieved after treatment. Subsequent

ultrasound review revealed that the metastatic lymph nodes were

significantly reduced and almost invisible. Both carcinoembryonic

antigen (CEA) and carbohydrate antigen 15-3 (CA15-3) were at

normal levels during the same period and did not change

with disease.
Case 2

The second case was a 48-year-old woman who underwent a

modified radical mastectomy for right breast cancer in 2014. The

postoperative pathology was invasive micropapillary carcinoma

(5*3.5*2.5cm) with axillary lymph node metastasis (7/36).

Immunohistochemistry results were ER negative, PR negative,

HER2 positive and ki67 40%. The patient underwent 6 courses

adjuvant chemotherapy (docetaxel + cyclophosphamide +

pirarubicin) and one year targeted (Herceptin) therapy after

surgery. Chemotherapy was followed by adjuvant radiotherapy.

By 2018, the patient’s review revealed chest wall recurrence,

multiple lymph node metastases (bilateral supraclavicular,

bilateral axillary, neck), and pericardial metastasis. After therapy

with docetaxel + pyrotinib, the patient’s condition stabilized. At her

visit to our hospital in June 2020 we retained her peripheral blood

sample for IIRPCs testing and dynamic monitoring. However, the

patient’s pelvic metastases progressed twomonths later and failed to

relieve even after changes in treatment regimen. The detection

method for IIRPCs and the quantification method were the same as

in case 1. Figure 1B demonstrated the dynamic changes of IIRPCs as

well as tumor markers of this patient. The quantitative detection of

IIRPCs found its level was elevated in response to disease

progression. The patient’s condition alleviated unsatisfactorily in

the subsequent treatment and the level of IIRPCs did not decrease

to the baseline(the level at the first sampling, shown in Figure 1B).

In this case, her CEA and CA15-3 levels also increased significantly

with disease progression.
Discussion

Serum IIRPCs protein complexes are composed of variable

inflammation and immunity related protein molecules through

non-covalent interactions, mainly including complement factor

H, complement C3, C4, C7 components, haptoglobin,

immunoglobulin a, g, and k components, apolipoprotein A-I and

so on (12). It has been shown that peripheral blood complement

and immunoglobulins are associated with the development and

progression of cancer (10, 14–16). And previous studies have found

significant differences in the levels of IIRPCs between tumor

patients and healthy individuals (12). In patients with advanced
Frontiers in Oncology 03119
non-small cell lung cancer, changes in the levels of IIRPCs were

associated with patient response to treatment and changes in

disease status (13). We selected some breast cancer patients to

initially explore whether the IIRPCs levels and patterns were

associated with breast cancer disease progression.

The results of our pre-experiment found that the IIRPCs bands

patterns of all breast cancer patients were classified into seven major

patterns (from a to g), which were consistent with previous studies

(12, 13, 17). And no new banding pattern was identified. The

patients in our cases had no severe infection, other primary

tumor, pregnancy, lactation, other serious medical conditions, or

other diseases known to be significantly associated with IIRPCs. The

patterns of IIRPCs in our assay did not correlate significantly with

patient age, tumor stage, grade, and whether metastasis was present.

Therefore we mainly want to monitor the changes in the levels of

IIRPCs dynamically. We initially found higher concentrations of

IIRPCs protein bands in patients with metastatic breast cancer than

in patients without metastasis (as shown in Figure 1C). As

mentioned above, IIRPCs contains many immune-inflammatory

related proteins including haptoglobin, complements. It has been

found that higher level of haptoglobin was related to pooler survival

of breast cancer (18). And haptoglobin could regulated cell cycle

progression and apoptosis in breast cancer cells (19). Lisa J had

reported the level of apolipoprotein A-I might be positively

correlated with the risk of breast cancer (20). Complement C3 also

had been researched as a predictive biomarker in breast cancer (21).

In the first patient, IIRPCs levels decreased after treatment,

consistent with the patient’s remission. In contrast, the second

patient responded poorly to treatment, failed to achieve disease

remission, and IIRPCs remained at high levels. However, tumor

markers represented by CEA and CA15-3 were consistently

elevated with disease progression only in the second patient. We

think it may be because the second patient had more metastatic

lesions and the first patient had only local recurrence and regional

lymph node metastasis. The sensitivity of CEA and CA15-3 for

detecting disease progression in breast cancer is not high (22, 23).

So personalized IIRPCs could be a potential indicator that reflects

the tumor burden in breast cancer patients, which might have good

sensitivity. We will continue to collect samples for IIRPCs assays

and will follow up with statistical analysis to further explore the role

of IIRPCs
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