
Page 1/15

Characterization of Candidate Factors Associated With the Metastasis and
Progression of High Grade Serous Ovarian Cancer
Huiping Liu 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Ling Zhou 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Hongyan Cheng 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Shang Wang 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Wenqing Luan 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
E Cai 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Ruiqiong Ma 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Xue Ye 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Heng Cui 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
Yi Li 

Peking University Second School of Clinical Medicine: Peking University People's Hospital
xiaohong chang  (  changxiaohong@pkuph.edu.cn )

Peking University Second School of Clinical Medicine: Peking University People's Hospital

Research Article

Keywords: high grade serous ovarian cancer 1, metastasis 2, GEO 3, prognosis 4, recurrence 5, immune in�ltration6

Posted Date: May 11th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-497718/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-497718/v1
mailto:changxiaohong@pkuph.edu.cn
https://doi.org/10.21203/rs.3.rs-497718/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background. High grade serous ovarian cancer (HGSOC) is the highest cause of gynecological cancer-related mortality due to the extremely metastatic nature
of this disease. The goal of this study is to explore and evaluate the pro�les and characteristics of candidate factors associated with metastasis and
progression of HGSOC.

Methods. Transcriptomic data of HGSOC patients’ samples collected from the primary tumor and matched omental metastatic tumor were obtained from
three independent studies in the NCBI GEO database. Genes signi�cantly up-regulated and down-regulated were selected to evaluate the effects to prognosis
and progression of ovarian cancer using data of ovarian cancer patients from The Cancer Genome Atlas (TCGA) database. Enrichment analysis for biological
processes and pathways was performed using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG) analysis. Furthermore, the hub
genes immune landscapes were estimated by Tumor Immune Estimation Resource (TIMER) database.

Results. 14 candidate genes included ADIPOQ, ALPK2, BARX1, CD37, CNR2, COL5A3, FABP4, FAP, GPR68, ITGBL1, MOXD1, PODNL1, SFRP2 and TRAF3IP3
were selected as up-regulated genes in metastatic tumors in every database while CADPS, GATA4, STAR and TSPAN8 were down-regulated. These 14 genes
were signi�cantly enriched for negative regulation of Wnt signaling pathway, fat cell differentiation, extracellular matrix organization. Finally, ALPK2, FAP,
SFRP2 and GATA4, STAR, TSPAN8 were selected as hub genes that were found to be signi�cantly associated with the survival and recurrence. All hub genes
were correlated with several types of tumor microenvironmental cells in�ltration signi�cantly, especially for cancer associated �broblasts and NK cells.

Conclusions. This study indicates that screening for differentially expressed genes and pathways in HGSOC primary tumor and matched metastasis tumor
using integrated bioinformatics analyses. In sum, we identify six hub genes correlated with the progression of HGSOC in our study, which might provide
effective targets to predict prognosis and provide novel insights into immune-based therapy strategies of HGSOC well.

1 Background
As the common cause of death related to gynecological cancer, ovarian cancer(OC) is the �fth cause of cancerous death among women all over the world,
which leads to about 5% death of female cancer[1]. As the most aggressive and common histological subtype of ovarian cancer, the overall survival rate of
High grade serous ovarian cancer(HGSOC) remains very dismal with 30% survival 5 years after the diagnosis since early detection is so di�cult[2]. The main
factor contributing to the high death to incidence rate is the advanced stage of the disease at the time of diagnosis[3]. Many patients are diagnosed after the
tumor has already metastasized throughout the peritoneal cavity to other organizations, which typically occurs in the advanced HGSOC patients[4].
Commonly, HGSOC tumor cells undergo the processes of adhesion, migration, and invasion into the peritoneal cavity during metastasis and preferentially
latch onto the omentum, which is the most common site of HGSOC metastasis [5, 6]. HGSOC progression and metastasis progress are facilitated by the
networking interactions between cancer cells and various stromal components. The tumor microenvironment (TME) has been con�rmed to play an important
role in various cancer types, including OC. Worth mentioned, a vast array of factors such as immune response, metabolic pathways, intracellular signaling
molecules shape the pathogenicity of TME, which in turn affects tumor progression, prognosis and even the e�cacy of conventional treatment and
immunotherapy[7]. Although, metastasis plays a crucial role in promoting OC progression and decreasing patient survival rates, but the underlying
mechanisms of cancer cell spread have yet to be thoroughly explored and there is still a lack of comprehensive understanding of disease metastasis and
progression. Hence, there will be of great value to understand the underlying molecular mechanisms of HGSOC metastasis.

In this study, aimed to identify the gene expression pro�les associated with the progression of HGSOC, we employed a multistep bioinformatics strategy that
used omics information and clinical data. We selected GSE30587, GSE137237, GSE98281, and GSE133296 from Gene Expression Omnibus (GEO) database
according to the retrieval strategy and analyzed the genome-wide RNA-seq of HGSOC patients’ samples collected from the primary tumor and matched
omental metastatic tumor. Firstly, we successfully obtained 14 up-regulated genes and 4 down-regulated genes associated with HGSOC metastasis. Then, we
validated the relationship between the genes and the progression of HGSOC by some clinical parameters and prognostic analysis. Finally, after a series of
bioinformatics analyses, we selected ALPK2, FAP, SFRP2 and GATA4, STAR, TSPAN8 as the hub factors associated with the progression of HGSOC.

2 Materials And Methods
GEO datasets sources and processing

To identify the key genes involved in metastasis of HGSOC, we searched the key words (((“ovarian cancer” OR “ovarian carcinoma” [all �elds] AND
“metastasis” [all �elds]) AND “Homo sapiens” [porgn]) in NCBI Gene Expression Omnibus �rstly. Then, we screened the titles and abstracts of datasets, and
the full information of the datasets of interest was further evaluated and �nally selected according to the following inclusion criteria:(1) selected datasets
should be mRNA transcriptome data; (2) only datasets containing more than 5 matched pairs of primary tumors and metastatic tumor samples from
omentum were included; (3) the pathological type of the primary tumor is high grade serous carcinoma. Finally, we retrieved the RNA-seq data from 4
independent datasets in NCBI Gene Expression Omnibus (GSE98281, GSE137237, GSE133296 and GSE30587). The details for every dataset were shown in
Table 1.
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Table 1
Details for GEO ovarian cancer data

Reference Cancer type GEO Platform Primary tumor omental metastasis

Brodsky et al (2014) HGSC GSE30587 GPL6244 9 9

Mitra et al(2019) Serous adenocarcinoma GSE137237 GPL18573 11 11

Sallinen et al(2019) HGSC GSE98281 GPL11154 10 10

Hu et al(2020) HGSC GSE133296 GPL20795 10 10

Abbreviation: HGSC: high-grade serous carcinoma

TCGA TARGET GTEx dataset analysis

UCSC Xena is an online exploration tool for multi-omic and clinical/phenotype data, which provides easy access to publicly available cancer transcriptome
data including ovarian cancer to explore correlationships between genomic and/or phenotypic variables[8]. TCGA TARGET GTEx
study(https://xenabrowser.net/) was used to compare differential genes expression among normal ovary tissues from The Genotype-Tissue
Expression(GTEx), ovarian serous cystadenocarcinoma and recurrent tumors from The Cancer Genome Atlas(TCGA) to identify the impacts of candidate up
and down-regulated DEGs on progression of ovarian cancer. We �ltered the cohort and only kept the ovary samples cohort. The search term that was used to
�lter was: Ovary. Then we clicked to add columns for every candidate genes and choose the “sample type” option to compare the expression of the hub genes.
In order to further explore the relationship of hub genes, log2 transformed RNA-sequencing data from 323 high grade serous ovarian cancer patients in TCGA
dataset were also obtained through the UCSC Xena platform for correlation analysis (https://xenabrowser.net/datapages/).

Differential genes expression analysis

The differentially expressed genes (DEGs) were obtained by conducting differential expression analysis. The downloaded platform and series of matrix �le(s)
were converted using the R language software and annotation package. Gene differential expression analysis was performed using the limma package in the
Bioconductor package (available online: http://www.bioconductor.org/). We divided the samples into two subgroups, namely primary tumor group(PT),
metastasis tumor group(MT). By employing absolute |log2 fold change (FC)|> 1 and p-value < 0.05, the DEGs including signi�cantly upregulated and
downregulated genes between HGSOC primary tumor versus matched metastasis tissues in every GSE datasets were identi�ed.

GO Term and KEGG Pathway Enrichment data analysis

With the screened DEGs, Metascape (http://www.metascape.org) was used to assess Gene Ontology(GO) functional annotation of DEGs and candidate genes
in biological networks. GO chord was made by R language software. Kyoto Encyclopedia of Genes and Genomes (KEGG pathway) analyses of candidate
genes were performed by KOBAS 3.0 online analysis database (http://kobas.cbi.pku.edu.cn/kobas3) to predict their underlying molecular functions. We set p 
< 0.05 as a signi�cant criterion.

Kaplan-Meier plotter analysis

Kaplan-Meier plotter (https://kmplot.com) included ovarian cancer transcriptomic datasets in GEO and TCGA[9]. The overall survival analyses and
progression-free survival analyses for up and down-regulated candidate genes were performed using Kaplan-Meier plotter with a hazard ratio (HR) with 95%
con�dence intervals and log-rank p value cutoff for each gene at 0.05. And only patients diagnosed with serous histology were used for analysis.

TIMER2.0 database analysis

The Tumor Immune Estimation Resource (TIMER2.0) tool was a comprehensive online resource for analysis of immune cell in�ltration among diverse cancers
[10]. TIMER2.0 was used to analyze the correlation of hub genes with the in�ltration level of several TME cells, including CD8 + T cell, CD4 + T cell, B cell,
myeloid dendritic cell, natural killer(NK) cell, macrophage, cancer associated �broblast(CAF).

Statistical analysis

Student's t-tests were used to compare the expression level of PT group and MT group in GEO dataset. One way-ANOVA test was used for statistical
comparison between multiple groups of boxplot. The log-rank test was used to calculate the HR and log-rank p value to compare the survival curves. The
correlation of hub genes expression and its relationship with TME cell in�ltration levels was determined by Spearman's correlation. p-values < 0.05 were
considered statistically signi�cant.

3 Results
Screening of differentially expression genes associated with metastasis of HGSOC

To identify the key genes involved in metastasis and progression of HGSOC, we selected four GEO datasets, as GSE30587, GSE137237, GSE98281 and
GSE133296 respectively according to our work �ow as showed in Fig. 1 and Table 1. Every expression datasets were analyzed by the limma package and
expression data were standardized, as the results were shown in Additional Figure S1. A total of 63 and 2 DEGs were signi�cantly up and down-regulated in
MT group compared with PT group in GSE30587 (Additional Table S1). Furthermore, 1884 DEGs were obtained from GSE137237 data, including 763 and
1121 DEGs were signi�cantly up and down-regulated in MT group compared with PT group (Additional Table S2, Fig. 2a). Additionally, 465 DEGs were
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screened from GSE98281 data. Among them, 193 and 272 DEGs were signi�cantly up and down-regulated in MT group compared with PT group in (Additional
Table S3, Fig. 2b). Besides, 1284 up-regulated genes and 1359 down-regulated genes were identi�ed in GSE133296 according to the same principles of data
processing as mentioned before (Additional Table S4, Fig. 2c). Considering that there were only 2 DEGs down-regulated in MT group in GSE30587, which
would affect the overall data processing, the datasets we �nally included were GSE137237, GSE90281, GSE133296.

In order to clarify the major characteristics of tumor metastasis process, we selected the up and down regulated DEGs of every dataset with |log2FC|> 1.5 to
assess GO function enrichment. In GSE137237, the top highly enriched GO terms of up-regulated DEGs in MT group were extracellular matrix organization,
vasculature development, connective tissue development and leukocyte migration (Fig. 2d,2f) speci�cally while cilium pathways were chie�y enriched for
down-regulated DEGs (Fig. 2e-2g). In GSE98281, the top 5 enriched GO terms of up-regulated DEGs included lymphocyte activation, response to bacterium,
regulation of cytokine production, negative regulation of immune system process, leukocyte differentiation (Fig. 2h-2j) while chemical synaptic transmission
was enriched obviously for down-regulated DEGs (Fig. 2i-2k). In GSE133296, corni�cation and adaptive immune response were enriched distinctly (Fig. 2l-2n).
Brie�y, we found the pathways commonly enriched in up-regulated genes were focused on extracellular matrix and immune-related response programs.

Identi�cation of candidate genes and function enrichment analysis

This study aims to �nd those candidate genes associated with metastasis and progression of HGSOC. Therefore, as Fig. 3a, 3b shown, Venn diagrams
showed 18 candidate genes which consisted of 14 up-regulated genes and 4 down-regulated genes in MT group that were commonly appeared in three
comparison sets. Generally speaking, highly expressed genes in MT group might act as a carcinogenic effect. So, we concentrated on the characteristics
of 14 up-regulated genes. The enriched GO terms of these genes were shown in Fig. 3c and Additional table S5, containing negative regulation of Wnt
signaling pathway, fat cell differentiation, extracellular matrix organization, negative regulation of response to external stimulus. Furthermore, the
enriched KEGG pathways were presented in Fig. 3d and Additional table S5 which included PPAR signaling pathway and multiple substances metabolism
pathways like steroid and lipid. These enrichment pathways reminded us that the exchange of materials between tumor cells and the microenvironment
might be frequent

Effects of individual candidate genes on OS and PFS

To explore the potential roles of the 18 candidate DEGs in overall survival(OS) and progression-free survival(PFS), Kaplan-Meier survival curves were used to
establish the potential relationship between the prognostic roles and gene expression levels. Among the 18 DEGs, a total of 14 DEGs were found to be
signi�cantly related to OS in the log-rank test while 16 of 18 DEGs were linked with PFS. As shown in Fig. 4, among the 14 up-regulated candidate genes, we
found that expression of 10 DEGs (ADIPOQ, ALPK2, BARX1, COL5A3, FABP4, FAP, GPR68, ITGBL1, MOXD1, SFRP2) was associated with OS of patients.
Notably, except GPR68, the high expression of other 9 genes indicated a poor prognosis of ovarian patients. In this study, we mainly focused on the up-
regulated genes with high expression in MT group which might be correlated with unfavorable prognosis. So, the 9 genes (ADIPOQ, ALPK2, BARX1, COL5A3,
FABP4, FAP, ITGBL1, MOXD1, SFRP2) were worthy of more attention.

For PFS, except CNR2 and TRAF3IP3, all other 12 up-regulated candidate genes were associated with short PFS of serous ovarian cancer patients as shown in
Fig. 5a-5n. Additionally, the 4 low expressed genes (CADPS, GATA4, STAR, TSPAN8) in MT group were indicated good prognosis of patients not only with OS
but also with PFS obviously.

Expression validation and recurrence evaluation of candidate genes in TCGA TARGET GTEx study

As we all known, HGSOC patients usually developed tumor recurrence which was the main reason for the poor prognosis. We compared the expression among
normal-primary-recurrent tissues used TCGA TARGET GTEx dataset and found 15 of 18 candidate genes expression were signi�cantly different. More
importantly, our results showed that the expression of ALPK2, CD37, CNR2, FAP, GPR68, SFRP2 were re�ected increased during tumor recurrence while GATA4,
STAR and TSPAN8 were decreased.

Exploration of hub genes according to OS, PFS and recurrence

In our perspective, some key factors involved in metastatic process would have changed among normal-primary-recurrent progress. Meanwhile, it was well
known that differentially gene expression patterns of metastasis are more likely to play key roles in the progression and prognosis of cancer. To dig up the hub
genes precisely, we combined the effects of the candidate genes on OS, PFS and recurrence as shown in Table 2,3. We �gured out the hub genes from 14 up-
regulated candidate genes in MT group with poor OS and PFS, and the expression of these genes in recurrent tumor was higher than that in primary tumors
and normal tissues. The down-regulated genes were selected with good prognosis and lower expression level in the same way. In conclude, ALPK2, FAP,
SFRP2 and GATA4, STAR, TSPAN8 were identi�ed markedly. Moreover, Human Protein Atlas database was used to validate the protein expression of these hub
genes as shown in Additional Figure S2a-e. ALPK2 and FAP was expressed membranous and cytosolic compartments in HGSOC tissues. In the same time, the
association between the expression levels of the six genes from HGSOC patients in TCGA dataset was explored in Additional Figure S2f. The expression
among ALPK2, FAP and SFRP2 was positively correlated, on the contrary, negatively correlated with the expression of GATA4, STAR and TSPAN8.
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Table 2
Summary for survival analysis and expression analysis of the 14 up-regulated genes

in metastasis tumors of OC patients
Gene OS(P 0.05) PFS(P 0.05) expression(normal primary recurrent)

ADIPOQ ✓ ✓

ALPK2 ✓ ✓ ✓

BARX1 ✓ ✓

CD37 ✓ ✓

CNR2 ✓

COL5A3 ✓ ✓

FABP4 ✓ ✓

FAP ✓ ✓ ✓

GPR68 ✓ ✓

ITGBL1 ✓ ✓

MOXD1 ✓ ✓

PODNL1 ✓

SFRP2 ✓ ✓ ✓

TRAF3IP3

Table 3
Summary for survival analysis and expression analysis of the 4 down-regulated

genes in metastasis tumors of OC patients.
Gene OS(P 0.05) PFS(P 0.05) expression(normal primary recurrent)

CADPS ✓ ✓

GATA4 ✓ ✓ ✓

STAR ✓ ✓ ✓

TSPAN8 ✓ ✓ ✓

Relationship between the expression of hub genes and tumor microenvironmental cells in�ltration level

As mentioned before, the interplay among metastatic tumor cells and different cell types within the TME was very close in the process of tumor metastasis.
So, we examined the correlation between the expression of hub genes and the differential abundance of tumor microenvironmental cells in�ltration, especially
for six types of immune cells and cancer associated �broblast in�ltration by TIMER2.0 database. As Additional Figure S3 and Table 4 presented, every of the
hub genes was correlated with tumor purity in OC tissues. Notably, we observed that three up-regulated hub genes (ALPK2, FAP, SFRP2) presented positive
associations signi�cantly with in�ltrating levels of CD8 + T cells, B cells, macrophages, NK cells and CAFs, out of which these genes most strongly correlated
with CAFs [correlation coe�cient (COR), 0.736 to 0.83; p < 0.001], NK cells (COR, 0.238 to 0.325; p < 0.001), and macrophages (COR 0.238 to 0.244; p < 0.001).
On the contrary, down-regulated hub genes (GATA4, STAR, TSPAN8) were negatively correlated with the in�ltration of NK cells (-0.29 to -0.33; p < 0.001) and
CAFs (COR, -0.237 to -0.324; p < 0.001) (Fig. 7). That indicated that these hub genes were speci�cally related to cancer-associated NKs and CAFs in the OC
microenvironment.
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Table 4
The relationship between the expression of 6 hub genes and tumor microenvironmental cells in�ltration level

Hub
genes

Purity CD8 + T cell CD4 + T cell B cell DC cell NK cell Marcrophage CAF

COR P COR P COR P COR P COR P COR P COR P COR

ALPK2 -0.519 1.24e 
− 18

0.203 1.26e 
− 03

−0.055 0.391 −0.187 3.12e 
− 03

−0.005 0.936 0.302 1.23e 
− 06

0.243 1.08e 
− 04

0.80

FAP −0.595 2.77e 
− 25

0.196 1.85e 
− 03

−0.045 0.479 −0.222 4.05e 
− 04

0.035 0.583 0.325 1.62e 
− 07

0.238 1.50e 
− 04

0.83

SFRP2 −0.5 3.04e 
− 17

0.19 2.64e 
− 03

−0.094 0.137 −0.245 9.50e 
− 05

−0.064 0.313 0.238 1.55e 
− 04

0.244 1.02e 
− 04

0.73

GATA4 0.138 0.0289 −0.125 0.0494 0.044 0.489 0.025 0.691 −0.14 0.027 −0.29 3.32e 
− 06

−0.208 9.45e 
− 04

−0.2

STAR 0.281 6.61e 
− 06

−0.179 4.65e 
− 03

0.091 0.151 0.04 0.526 −0.138 0.0298 −0.297 1.88e 
− 06

−0.2 1.52e 
− 03

−0.3

TSPAN8 0.224 3.57e 
− 04

−0.115 0.0698 0.011 0.862 0.001 0.993 −0.105 0.0984 −0.33 1.02e 
− 07

0.007 0.917 −0.3

4 Discussion
HGSOC is the most common histologic subtype of OC, with a poor 5-year survival rate of 35–40% and accounting for 70–80% of OC deaths[1]. Although
surgery and other treatment methods have been improved, the treatment effect and prognosis of HGSOC patients are very poor due to the late diagnosis [11].
Because about 70% of OC cases are diagnosed at a late stage, when cancer cells are actively metastasizing, understanding ovarian cancer pathogenesis and
the mechanism of its metastasis is crucial for the management of this deadly, highly metastatic disease[5, 12]. Although multiple level studies have been
carried out, they are not yet mature. Thus, there is still a need to screen novel metastasis associated factors to better understand the mechanism.

We conducted this study to identify more useful metastatic factors in HGSOC used bioinformatical methods on the basis of three pro�le datasets
(GSE137237, GSE98281 and GSE133296). We compared the differential gene expression of metastatic tumors and primary tumors in every dataset. Our
results showed that the main prominent features of up-regulated DEG were extracellular matrix, regulation of immune response and angiogenesis, etc. Many
researchers have demonstrated that ovarian cancer metastasis from the primary site to the omental metastatic tumor site are facilitated by the interaction
between cancer cells and various microenvironmental components [13, 14]. After ovarian cancer cell implantation, the resultant in�ammation and injury
stimulate the peritoneal cells and their associated immune and stromal cells to release cytokines which further leads to tumor progression [15].

In our study, we took the intersection of the DEGs of the above three datasets, and these datasets shared 18 common DEGs in MT group contained 14 up-
regulated genes and 4 down-regulated genes. Following this, the GO and KEGG analysis was constructed focused on up-regulated genes to describe
metastasis characteristics intensively. On one hand, we found that the GO terms of 14 candidate genes were particularly enriched in negative regulation of
Wnt signaling pathway and fat cell differentiation. As we all known, the Wnt/β-catenin signaling pathways play a crucial role in tumorigenesis, metastasis,
and therapy resistance of OC subtypes, especially for HGSOC [16–18]. Alexandra McMellen et al demonstrated that the expression of typical Wnt molecules is
dependent on anatomic/metastatic site, highlighting the importance of the TME and indicating that Wnt signaling activity in HGSOC varies depending on this
TME [19]. Recent studies highlighted the understanding of the relevance of altered lipid metabolic pathways contributing to the poor prognosis of HGSOC.
Cancer cells utilize various strategies to boost lipid uptake in order to ful�l their high energetic needs for cell growth and altered oncogenic signaling [20, 21].
Meanwhile, cancer-associated adipocytes promote the growth of cancer cells mediated by adipokines including interleukin-8 (IL-8) and provide energy for
rapid tumor growth [22, 23]. On the other hand, KEGG pathway enrichment of above genes were PPAR signaling pathway and multiple substances metabolism
especially for lipid. In current, PPAR exerts multiple regulatory functions of the metabolism of lipid, glucose, and amino acid, as well as in�ammation, cell
proliferation, and apoptosis in cancer [24]. Mukherjee, A, et al. reported that FABP4, which was mediated by PPAR, was upregulated in omental metastases and
suggested as a pro-tumorigenic role in ovarian cancer [25]. This is consistent with our results and suggests us to focus on new strategies targeting key
enzymes involved in lipid uptake or utilization in cancer cells.

To better identify the key factors of metastasis, the intersected genes among common DEGs, prognosis and recurrence-related genes sifted out particularly.
Finally, six hub genes were selected, as ALPK2, FAP, SFRP2 were upregulated in HGSOC metastatic tissues respectively while GATA4, STAR, TSPAN8 were
deregulated. It was known that ALPK2 played a vital role in cancer by regulating cell cycle and DNA repair and it was pointed out that knockdown of ALPK2
could inhibit proliferation, migration and promote apoptosis, arrested cell cycle of OC cells[26, 27]. FAP is overexpressed by �broblasts present in the
microenvironment of many tumors. Many studies have found that high expression of FAP in EOC is associated with poorer clinical outcomes [28, 29]. FAP
may have novel cell-autonomous effects suggesting that targeting FAP could have pleiotropic anti-tumor effects. Notably, SFRP2, served as a potent regulator
of Wnt signaling, can stimulate angiogenesis of cancer, accelerate tumor metastasis formation[30]. Therefore, some researchers highlight that SFRP2 has a
potential role as anti-angiogenic therapeutic target in cancer. Signi�cantly, Mariani Andrea reported that FAP and SFRP2 were both overexpressed in bowel
metastases compared with primary tumors among patients with OC [31]. It reminded us that FAP and SFRP2 should be studied as potential therapeutic
targets to decrease implantation or growth of OC cells. Interestingly, some researches con�rmed that loss of expression and epigenetic silencing of the GATA4
gene could play an important role in ovarian carcinogenesis [32, 33]. Abd-Elaziz M et al reported that STAR expression appeared to confer a better prognosis of
the patients of ovarian carcinoma [34]. And TSPAN8 could be therapeutic target in epithelial ovarian cancer invasion and metastasis[35]. But more exploration
of mechanism and function experiments of hub genes in OC were still ambiguous. In a word, these researches highlighted the value of these hub genes for the
progress of OC.
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Besides malignant transformed cells, tumors are composed of other cells including �broblasts, muscle cells, immune cells and so on, altogether generating
the TME. The TME is a remarkable complex ecosystem and components participate in numerous cancer progresses, such as tumorigenesis, metastasis [36,
37], response to chemotherapy and immune checkpoint blocking therapy[38], and prediction of clinical outcomes[39, 40]. Our results showed that six hub
genes presented associations signi�cantly with in�ltrating levels of NK cells and CAFs. Generally speaking, CAFs are the most abundant cell type in the TME
and greatly in�uenced immune cell activity and function within the TME [41, 42]. And the involvement of NK cells in OC was multifaceted as they could exert
pro-tumor or anti-tumor effects. The functional capability of NK cells may be strongly impaired by the tumor microenvironment [43]. Activated CAFs are known
to support tumor growth and secrete chemokines and cytokines like TGFβ, which can effectuate immunosuppression and inhibit cytokine secretion from NK
cells, thus decreasing its cytotoxicity[44]. Although the molecular mechanism of the NK cell-CAF interactions is still not clear and lack of previous tests in
combination, these results demonstrate us that targeting tumor-promoting CAFs and exploiting NK cells, separately, are bene�cial as therapeutic strategies. As
of so far, although there were 28 clinical trials registered in ClinicalTrials.gov about NK cells therapy and ovarian cancer, the data of ovarian cancer was still
limited yet. And it is worth exploring how to exploit NK cell cytotoxicity in tumors and how to target CAFs to enhance e�cacy of cancer therapies and cytotoxic
immune cells.

However, several limitations in our study should be acknowledged. Our study provides the evidence that six novel genes are signi�cantly related to the
progression of HGSOC patients and possibly become therapeutic targets for precision medicine in the future, which was analyzed through data mining merely.
Further functional experiment for revealing their roles in cancers is valuable and crucial.

5 Conclusions
In conclusion, HGSOC is undoubtedly a challenge for patients, medical practitioners, and researchers because of its lethality. In this study, we identi�ed six hub
genes (ALPK2, FAP, SFRP2, GATA4, STAR, TSPAN8) associated with metastasis and progression of HGSOC and also explored the relationship between the
genes and TME cells in�ltration. This study will help us understand the underlying mechanisms involved in HGSOC and develop a clinical assay for guiding
therapeutic selection and individualized treatment.
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genes; HR: hazard ratio; NK: natural killer; CAF: cancer associated �broblast; OS: overall survival; PFS: progression-free survival.
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Figures

Figure 1

The work �ow diagram of whole study design and analysis
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Figure 2

GO enrichment analysis of DEGs about every GEO data. (a) Volcano plot showing the DEGs between PT samples (n=11) and MT samples (n=11) in GSE
137237 data. (b) Volcano plot showing the DEGs between PT samples (n=10) and MT samples (n=10) in GSE98281 data. (c) Volcano pl ot showing the DEGs
between PT samples (n=10) and MT samples (n=10) in GSE133296 data. (d-g) The top 5 GO terms and distribution of up-regulated and down-regulated genes
of MT group compared with PT group in GSE137237 data. (h-k) The top 5 GO terms and distribution of up-regulated and down-regulated genes of MT group
compared with PT group in GES98281 data. (l-o) The top 5 GO terms and distribution of up-regulated and down-regulated genes of MT group compared with
PT group in GSE133296 data.
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Figure 3

Identi�cation of candidate genes between primary ovarian cancer and matched metastatic omentum tumor. (a, b) Venn diagram of overlapping 14 up-
regulated genes and 4 down-regulated genes based on the three GEO datasets. (c, d) GO analysis and KEGG analysis of 14 up-regulated genes.
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Figure 4

Overall survival (OS) analysis curves of hub genes. (a-n) The overall survival analysis of up-regulated genes (ADIPOQ, ALPK2, BARX1, CD37, CNR2, COL5A3,
FABP4, FAP, GPR68 ITGBL1, MOXD1, PODNL1, SFRP2 and TRAF3IP3) in metastatic tumors. (o-r) The overall survival analysis of down-regulated genes
(CADPS, GATA4, STAR and TSPAN8) in metastatic tumors.
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Figure 5

progression-free survival(PFS) analysis curves of hub genes. (a-n) The progression-free survival analysis of up-regulated genes in metastatic tumors. (o-r) The
progression-free survival analysis of down-regulated genes in metastatic tumors.
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Figure 6

Evaluation of hub genes expression among normal ovary, primary tumors and recurrent tumors. (a-n) The different expression of up-regulated genes. (o-r) The
different expression of down-regulated genes.
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Figure 7

Correlation analysis between the expression of 6 hub genes and tumor microenvironmental cells in�ltration level. (a)ALPK2, (b)FAP, (c)SFRP2, (d)GATA4,
(e)STAR, (f)TSPAN8.
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