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Abstract
Purpose: The abnormal expression of α-arrestin protein family plays a key regulatory role in the
occurrence and development of many cancers, including colorectal cancer and cervical cancer, and is
inseparable from changes in the tumor immune microenvironment. However, the role of ARRDC2, an
important member of this family, in the malignant biological process of ovarian cancer (OC) has not been
reported, and its role in the change of the immune microenvironment is also unknown.

Methods: In this study, HPA, TCGA, GEO and other databases were used to explore the role of ARRDC2 in
the diagnosis and prognosis assessment of ovarian cancer. Then, GO, KEGG analysis and GSEA analysis
of the biological processes and cell signaling pathways that ARRDC2 may be involved in activated or
inhibited. In addition, the TIMER and TISIDB database were used to conduct in-depth research on the role
of ARRDC2 in the change of the immune microenvironment of ovarian cancer. Finally, the CMAP
database explored and screened drugs that may be used for treatment.

Results: There were signi�cant differences between OC and ARRDC2 mRNA and protein levels. High
ARRDC2 expression level is associated with poor overall survival and can be used as an independent
prognostic factor. Interestingly, ARRDC2 expression is positively correlated with B cells, Neutrophils,
Dendritic cells and CD8+ T cells, signifying that ARRDC2 may be related to in�ltration of immune cells.
ARRDC2 and its co-expressed genes are enriched in cell signaling pathways related to the immune
system. Finally, we explored two possible drugs for the treatment of ovarian cancer.

Conclusion: The differentially expressed ARRDC2 may be a potential prognostic and diagnostic indicator
and can be used as a novel biomarker for exploring the immune microenvironment of ovarian cancer.

Introduction
In 2018, there were approximately 295,000 new cases of OV (ovarian cancer) and 185,000 deaths in the
world. As this tumor is asymptomatic during initial progression and there are no clear early screening
methods, it is usually diagnosed at the advanced stage, resulting in an overall 5-year survival rate of less
than 40%(1). The rapid development of high-throughput sequencing technology and transcription
research is expected to increase the early diagnosis rate. Although a large number of new proto-
oncogenes and tumor suppressor genes that can be used for diagnosis have been discovered, the
survival results of ovarian cancer have not been greatly improved. And in terms of treatment,
immunotherapy has evolved rapidly over the past 20 years, giving patients with ovarian cancer, known as
“immunogenic tumors”, more access to treatment(2). However, the response rate of ovarian cancer
patients to existing immunotherapy is not satisfactory. Obviously, the understanding of the tumor
immune microenvironment of ovarian cancer is still insu�cient, and more in-depth research on it and
�nding speci�c genes that potentially affect the tumor immune microenvironment and can be used as
immunotherapy targets can help improve this situation. In short, it is of great signi�cance to �nd
biomarkers that may be used in early diagnosis and immunotherapy and try to explore their mechanisms.



Page 3/23

The mammalian α-arrestin family consists of �ve structural domain-containing arrestin proteins
(ARRDC1-5) and TXNIP. Arrestin domain containing 2 (ARRDC2) is an enigmatic member of the arrestin
protein family that plays an important role in the regulation of G protein-coupled receptors (GPCRs)(3, 4).
Numerous recent studies have established a link between α-arrestin family and cancer. ARRDC3 and
TXNIP were considered to be tumor suppressor genes that regulate a variety of cellular processes. For
instance, ARRDC3 was decreased in prostate cancer, breast cancer and colorectal cancer(5, 6). However,
tumor relevance studies of ARRDC2 have not been reported. Given that members of the arrestin protein
family play a momentous role in the biology of tumors, the function of ARRDC2 in tumors, especially in
ovarian cancer, has attracted great interest to us.

The immune system is inextricably linked to the processes of cancer development, progression and
treatment. Cancer cells activate different checkpoints that can help cancer cells escape to regulate the
immune system. Therefore, inhibiting the immune checkpoint pathway is a promising way to induce
effective anti-cancer immunotherapy(7). The results of studies on the inhibition of single immune
checkpoints in many solid cancers (melanoma and lung cancer, etc.) are encouraging, but no substantial
progress has been made in the treatment of ovarian cancer(8). Therefore, it is of great signi�cance to
explore new biomarkers closely related to immune cell in�ltration and immune checkpoints, which may
contribute to the development of classical gene-targeted therapy and immune checkpoint inhibitor
combination therapy.

We are the �rst study to investigate the important role of the ARRDC2 of the arrestin protein family in the
occurrence, development and poor prognosis of ovarian cancer. Here, we performed a deep dive into the
TCGA database and the GEO database to determine the impact of ARRDC2 on the progression and poor
prognosis of ovarian cancer. The interrelationships between ARRDC2 and immune cell in�ltration,
immune checkpoints and chemokines were also explored by the Timer database and TISIDBD database.
Subsequently, these data were correlated with the clinical regression and prognosis of OV patients. The
results showed that high expression in OV and affected the clinical prognosis of patients. Excitingly, a
close correlation was found between ARRDC2 expression and the tumor immune microenvironment of
the tumor including in�ltration of immune cells, immune checkpoint and chemokines. Finally, we sought
to explore the cellular signaling pathways associated with ARRDC2 and potential small molecule drugs.
In conclusion, this study attempts to explore potential as a new immune-related prognostic biomarker for
OV patients, which may open up a new approach for the combination of immunotherapy and gene
therapy for OV patients.

Materials And Methods
1. Data collection

The Gene Expression Omnibus database (GEO, https://www.ncbi.nlm.nih.gov/geo/) is a world-recognized
data-rich public platform, and the public sequencing data in this database have contributed signi�cantly
to oncology research. After searching and screening, three data sets (GSE29450, GSE10971 and
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GSE19829) containing gene expression data were selected. Among them, GSE19829 additionally
includes prognostic information such as overall survival time. Microarray data from the GSE29450
(OV=10, Normal=10) and GSE10971 (OV=13, Normal=24) datasets from GEO were used to study ARRDC2
gene in OV and in normal control. The GSE19829 (OV = 28) data set containing survival information was
used in a survival meta-analysis related to the expression level of ARRDC2 by combining with the survival
information of TCGA (OV = 372). The Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/)
database has a large amount of transcriptomic data such as gene expression data and DNA methylation
data. Such a powerful database of massive information has largely improved molecular research of
tumor. Therefore, transcriptome data, methylation data and corresponding clinical data of 372 OV
patients were collected from the TCGA database. These data were then used to explore the expression
level of ARRDC2 and its relationship with speci�c clinical features and prognosis. At the same time, the
relationship between ARRDC2 and changes in methylation sites was also explored.

2. Cell culture

Ovarian cancer cell lines (SKOV3 and A2780) and corresponding normal cell lines (KGN and IOSE80)
were provided by Shanghai Sun Ran HAKATA Cell Bank (http://www.xrshbio.com/). The cells were
cultured at 37°C in a 5% CO2 incubator using DMEM medium containing 10% fetal bovine serum (FBS.
Gibco), 100 U/mL penicillin and 0.1 g/L streptomycin in DMEM medium. When the cells proliferated to
about 80-90% of the bottom of the culture vessel, the cells were passaged and isolated by digestion with
0.25% trypsin.

3. RT-qPCR

Expression of ARRDC2 in human ovarian cancer cells was detected using RT-qPCR. Total RNA was
extracted from the cells using Total RNA Kit I kit (Omega Biotek). RNA reverse transcription was
performed under the guidance of NovoScript Plus All-in-one 1st Strand cDNA Synthesis SuperMix
(Novoprotein) was performed. The relative expression levels of ARRDC2 were determined by RT-qPCR
using NovoStart SYBR qPCR SuperMix Plus (Novoprotein) kit, and GAPDH was used as an internal
reference control for ARRDC2 using the 2-ΔΔCt method. The primer sequences of GAPDH and ARRDC2
were as follows: (GAPDH-F: 5'-CAAGGTCATCCATGACAACTTTG-3', GAPDH-R: 5'-
GTCCACCACCCTGTTGCTGTAG-3', ARRDC2-F: 5'- CCCGATCCTGGTACTGTAACC-3', ARRDC2-R:
5'- CGTTGTCGATCTCGGCAAAGA-3'). The thermal cycling conditions were as follows: Initial denaturation
at 95°C for 10 min, denaturation at 95°C for 10 sec, annealing and extension at 60°C for 30 sec, for a total
of 40 cycles.

4. Survival meta-analysis

A systematic search in large authoritative databases (such as PubMed and Web of Science) did not
reveal any previous studies on the carcinogenicity and poor prognosis of ARRDC2. Therefore, this study
combined data from 2 datasets (GSE19829 and TCGA RNA sequences) in a survival meta-analysis to
reveal the prognostic signi�cance of ARRDC2 on OV for the �rst time. The heterogeneity between studies
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was assessed by Q test (I2 statistics). The �xed effects model is applicable when there is no
heterogeneity or I2<50%. Otherwise, a random-effects model was applied. The random effects model was
applied to this study according to the speci�c situation.

5. ARRDC2 related gene enrichment analysis

Go (gene ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway enrichment
analysis is carried out using David's online tool. In short, the list of genes that are positively and
negatively related to ARRDC2 obtained through Pearson analysis based on TCGA data was uploaded to
the DAVID database for Go and KEGG pathway enrichment analysis. In addition, we applied the “cluster
Pro�ler” R package for GO enrichment analysis. We used Spearman correlation analysis to describe the
correlation between quantitative variables without normal distribution. P-values less than 0.05 were
considered statistically signi�cant. Gene Set Enrichment Analysis (GSEA) is an analytical tool for
analyzing cellular signaling pathways developed jointly by MIT and Harvard University. The RNA
sequencing data from TCGA is batch-corrected and normalized, and then divided into "H group" (ARRDC2
high expression group) or "L group" (ARRDC2 low expression group). Enrichment analysis was performed
using GSEA software (version 4.0.3). The number of changes was set to 1000 and the genomic database
was set to Kyoto Encyclopedia of Genes and Genomes (KEGG) cell signaling pathway (P<0.05 was
considered as signi�cantly enriched).

6. Immune databases (TIMER and TISIDB)

The Tumor Immunology Estimation Resource (TIMER; https://cistrome.shinyapps.io/timer) is a rich
tumor immunology and genetics database available for automated analysis and visualization of data
from the TCGA database of 10,897 pan-cancer samples. Firstly, we analyzed the correlation of ARRDC2
expression with the abundance of six immune cell types (neutrophils, CD4+ T cells, B cells, dendritic cells,
CD8+ T cells and macrophages) in OV using the TIMER algorithm. Secondly, we also explored the
prognostic value of ARRDC2 in OV patients with different immune cell abundance. In addition, we
examined the impact of ARRDC2 gene copy number alterations on immune in�ltration. Finally, we
explored the co-expression relationship of ARRDC2 with common immune checkpoint-encoding genes
including PD-1 (PDCD1), PDL1 (CD274) and PDL2 (PDCD1LG2) in tumor purity-corrected state. Then,
TISIDB (http://cis.hku.hk/TISIDB/index.php) were used for veri�cation and analysis the relationship
between ARRDC2 and immune in�ltrating cells and immune checkpoint. To further explore the
relationship between ARRDC2 and immune checkpoints, TISIDB database was mined and validated.

7. Immune-related Kaplan-Meier Survival Analysis

The Kaplan-Meier Plotter database is a prognostic analysis tool based on the sequencing information of
GEO and TCGA, which contains 2190 cases of ovarian cancer. The prognostic value of different
expression levels of ARRDC2 is analyzed through this database. Using this database, overall survival
(OS) of OV patients were analyzed at different immune cell in�ltrations. Patient samples were divided
into high and low expression groups according to ARRDC2 gene expression levels and evaluated using
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Kaplan-Meier survival plots (P value < 0.05, false positive rate < 0.05). Hazard ratio (HR) had 95%
con�dence intervals and log-rank P values.

8. Co-expression analysis and Cmap analysis

Co-expression analysis was performed by Pearson method, and 10 genes positively and negatively
correlated with ARRDC2 were obtained based on correlation coe�cients and P-values for constructing the
correlation between genes and genes. Subsequently, the obtained co-expressed genes were used for the
screening and prediction of small molecule drugs by the Connectivity Map (CMap,
https://portals.broadinstitute.org/cmap/) database constructed by Prof. Lamb et al. Finally, 2D and 3D
structural maps and chemical formulas of the drugs were obtained in the PubChem database.

9. Statistical analysis

Statistical data analysis was performed using R software (version 3.6.1). Survival and clinicopathological
characteristics data were obtained from the TCGA database and the GEO database. Then, the overall
survival of ARRDC2 was determined by Kaplan-Meier method. Univariate COX and multivariate COX
analyses were used to analyze the factors affecting the prognosis of patients with OV. (P<0.05 was
considered to be statistically signi�cant).

 

Results
1. Correlation between ARRDC2 expression and clinical characteristics of OV

ARRDC2 has abnormally high expression in a variety of human malignant tumors. (Figure 1A). The
analysis of a total of 34 normal ovarian tissues and 23 ovarian cancer tissues from two GEO datasets
(GSE29450 and GSE10971), revealed that the ARRDC2 expression was high and statistically signi�cant
in tumor tissues (Figure 1B-C). RT-qPCR was performed to verify the results of the above analysis. The
results showed that ARRDC2 was highly expressed in ovarian cancer cell lines compared with normal
ovarian cells, as shown in Figure 1D. In addition, the relationship between ARRDC2 expression and
clinical characteristics in 361 tumor samples from TCGA in the UALCAN database was explored.
Correlation analysis showed that the expression of ARRDC2 was mainly positively correlated with FIGO
stage and race (Figure 1E-F). It can be seen that ARRDC2 expression was higher in patients with
advanced FIGO stages (III and IV) than early FIGO stages (I and II), detailed clinical features are shown in
Figure S1. In addition, we also explored the differences in ARRDC2 mRNA levels expression between
different race groups, and ARRDC2 expression was signi�cantly higher in Asian race than in African
American race. In conclusion, our study explored up that ARRDC2 was extremely high expressed in
ovarian cancer tumor in TCGA and GEO databases and was closely related to important clinical factors
such as FIGO stage. Therefore, further studies on ARRDC2 are needed to explore its value in OV.

2. The prognostic value of ARRDC2 in OV patients
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To further explore the prognostic value of ARRDC2 for patients, Kaplan-Meier survival analysis was used
to assess the relationship between ARRDC2 expression levels and OS. The KM survival analysis of 372
samples from TCGA showed that high ARRDC2 expression was associated with shorter overall survival in
OV patients, p = 0.02 (Figure 2B). The GEO data also obtained the same results (Figure 2A). Univariate
Cox analysis showed that the high expression of ARRDC2 (HR = 1.036; 95% CI = 1.015-1.058; P < 0.001),
age (HR = 1.389; 95% CI = 1.070-1.803; P = 0.014) and person neoplasm cancer status (HR = 2.803; 95%
CI = 2.207-3.558; P < 0.001) were high risk factors (Figure 2D). Multivariate Cox analysis showed that the
high expression of ARRDC2 (HR = 1.043; 95% CI = 1.022-1.063; P < 0.001), age (HR = 1.435; 95% CI =
1.101-1.870; P = 0.008) and person neoplasm cancer status (HR = 3.117; 95% CI = 2.410-4.032; P < 0.001)
were high risk factors (Figure 2E). Overall, it is not di�cult to see that ARRDC2 as an independent
prognostic risk factor is abnormally high in OV patients.

3. Survival meta-analysis

Although we have explored the impact of ARRDC2 on the survival outcome of OV patients, to increase the
credibility and scienti�c validity of this study, we collected different mRNA expression data (GSE19829
and TCGA RNA-Seq) for meta-analysis from two datasets, which contained a total of 400 samples. The
results showed that high expression of ARRDC2 was a risk factor in patients with OV (HR = 1.93; 95% CI =
0.45-8.24, P = 0.02) (Figure 2C). In summary, it can be seen that ARRDC2 can be used as a good
biomarker for predicting the overall survival of OV patients.

4. Functional annotation and signaling pathway enrichment analysis of ARRDC2

To further explore the potential molecular mechanisms of ARRDC2 in tumorigenesis of OV, we attempted
to screen a series of pathways and biological functions by co-expressed genes of ARRDC2. The results of
Go function annotation analysis are shown in Figure 3A. Among them, those enriched in biological
processes included neutrophil degranulation and neutrophil-mediated immunity; those enriched in cellular
components included ribosomal subunits, mitochondrial protein complexes, ribosomes and large ribose
subunits; those enriched in cellular components included ribosomes, cadherin binding and transcription
cofactor binding. The major enriched signaling pathways include B cell, T cell, Human T-cell leukemia
virus 1 infection, NOD-Like receptor and Th17 cell differentiation. Importantly, we found that both
ARRDC2 enriched functions and signaling pathways are closely related to immunity. In order to further
verify the enrichment of ARRDC2 in the immune-related signaling pathways of ovarian cancer, GSEA was
used to analyze the data of two groups of OV patients from the TCGA database (ARRDC2 high
expression group and ARRDC2 low expression group). The result showed that B cell receptor signaling
pathway and T cell signaling pathway were the most important enriched signaling pathways (FDR<0.25,
P<0.05) (Figure 3B). In conclusion, ARRDC2 may affect the malignant progression and poor survival
outcomes of patients with ovarian cancer through immunomodulatory effects.

5. Relationships of ARRDC2 with tumor immune in�ltration
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In this study, eight types of in�ltrating immune cells in the TIMER database were used to evaluate the
relationship between ARRDC2 expression and immunity. The expression level of ARRDC2 was positively
related to the in�ltration of CD8+ T cells, neutrophils, B cells and dendritic cells (Figure 4 A and B).
However, there was no signi�cant correlation between ARRDC2 expression and CD4+ T cells and
Macrophage. In addition, the SCNA module was chosen to analyze the relationship between the somatic
copy number alteration of ARRDC2 and different immune cell in�ltrations. As shown in Figure 4C, the
somatic copy number alteration of ARRDC2 correlated with in�ltration of CD8+ T cells, neutrophils, B cells
and dendritic cells. Meanwhile, numerous studies have con�rmed that inhibition of the immune
checkpoint pathway is an auspicious therapeutic pathway for the induction of effective anti-cancer
immunity. Therefore, we analyzed the correlation between the expression levels of ARRDC2 and genes
encoding immune checkpoints (Figure 4D), such as PD1 (PDCD1), PDL1 (CD274), PDL2 (PDCD1LG2) and
CTLA4. The results showed that the expression levels of ARRDC2 were positively correlated with PD1,
PDL1, PDL2 and CTLA4. As mentioned previously, the expression of ARRDC2 was closely correlated with
the level of immune in�ltration and positively correlated with immune checkpoint.

To further verify our speculation, the correlation between ARRDC2 expression and immune in�ltration was
explored by the TISIDB immune database, and the results were consistent with the TIMER database
(Figure 5A). In addition to exploring the relationship between the ARRDC2 gene and immune cell
in�ltration as well as immune checkpoint using the TISIDB database, we also investigated MHC and
chemokines. The results showed (Figure 5B-C) that the ARRDC2 was positively associated with MHC-
related genes (B2M, HLA-DMA, HLA-DPA1, HLA-DRA, HLA-DRB1 and HLA-E) and chemokine-related genes
(CCL17, CCL13, CCL5, CCL3, CCL4 and CX3CL1). Previous part of this study has shown that ARRDC2 was
an independent in�uence on poor prognosis in OV patients. Thence, we hypothesized that ARRDC2 may
affect the prognosis of OV patients partly due to immunological aspects. The Kaplan-Meier plotter
database was used to verify the results of the study that the high expression of ARRDC2 during immune
cell in�ltration leads to a reduction in the overall survival of patients with ovarian cancer. As seen in
Figure 6A-I, in the presence of different immune cell in�ltration (B Cell, BASOPHILS, CD4+T Cell, CD8+T
Cell, Eosinophils, Neutrophil, Macrophage, Mesenchymal stem cell, Natural killer T-cell and Th1cell
in�ltration), patients with high expression of ARRDC2 had shorter OS than those in the low expression
group (P<0.05).

6. Co-expression analysis and drug prediction of ARRDC2

To better understand the function of ARRDC2, we used co-expression analysis to determine the
association of ARRDC2 with other genes. The top �ve positively and negatively associated genes with
ARRDC2 were calculated as shown in the circular plot (Figure 7A). The results showed that ARRDC2 was
negatively associated with ZNF22, HDGFL3, H2AFY2, SPINDOC and MSI1, while positively correlated with
TRPM2, FCGR2C, FCGR1CP, MIR3671 and RGS1 (Figure 7B). Subsequently, the co-expressed gene data
was used to screen potential gene therapy drugs through the CMap and Pubchem databases. We
predicted two possible gene therapy drugs for ARRDC2: Mercaptopurine and Apigenin (Figure 7C-D).
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7. Expression of ARRDC2 was negatively regulated by DNA methylation 

DNA methylation is one of the most intensively studied epigenetic modi�cations in mammals, and the
importance of altered DNA methylation in tumor formation continues to be revealed. Therefore, we
utilized RNA-seq data and DNA methylation data to explore the relationship between DNA CpG site
methylation levels and ARRDC2 mRNA expression based on the TCGA data. As shown in Figure S2A,
ovarian cancer tissues showed low levels of ARRDC2 gene methylation. Two sites were subsequently
found to be aberrantly hypermethylated (cg23548920 and cg07374145, Figure S2B), the two methylated
CpG sites were negatively correlated with ARRDC2 expression (Figure S2C-D). In conclusion, DNA
methylation of ARRDC2 may be responsible for the difference in ARRDC2 expression levels in normal and
tumor tissues.

 

Discussion
The survival outcome of ovarian cancer patients is not promising due to the lack of early screening
markers and multiple alternative treatment options. The key role of ARRDC2, an important member of the
arrestin protein family related to immunity, in OV needs to be studied urgently. In this study, we tried to
use a variety of databases to explore and verify the expression level of ARRDC2, the relationship between
ARRDC2 and clinical features and prognosis, potential molecular mechanisms and impact on tumor
immune microenvironment.

The expression level of ARRDC2 in OV was �rstly explored. As shown in Figure 1A, ARRDC2 was found to
be signi�cantly overexpressed in a variety of malignancies using the TIMER database (Figure 1A). In view
of the above pan-cancer results, we tried to verify the expression level of ARRDC2 in OV by other means.
Firstly, verify it in the GSE data set related to ovarian cancer. Two GEO datasets (GSE29450 and
GSE10970) revealed that ARRDC2 showed signi�cantly higher expression in OV compared to normal
controls (Figure 1B-C). In parallel, we performed experimental PCR to validate the mRNA expression level
of ARRDC2 (Figure 1D). Secondly, our study also revealed that the abnormally high expression of
ARRDC2 may be associated with abnormal hypomethylation of DNA, as shown in Figure S2 (A-D).
Numerous studies have con�rmed that DNA methylation in epigenetics plays an important role in the
malignancy, metastasis and recurrence of ovarian cancer(9, 10). Epigenetic regulation, represented by
DNA methylation, is essential for the regulation of oncogenes(11). The above results indicated that
ARRDC2 was highly expressed in OV, suggesting that ARRDC2 is a potential oncogene and is affected by
methylation.

After discovering that ARRDC2 was a potential oncogene, we tried to explore its impact on the prognosis
of OV patients through retrospective studies based on gene expression and clinical information based on
TCGA data and GSE19829 data. The results of the correlation analysis of clinical features showed that
the expression level of ARRDC2 in OV increased with increasing FIGO stage and was highly expressed in
Asian race groups (Figure 1E-F). And numerous studies have con�rmed that the higher the FIGO stage,
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the worse the prognosis(12). In view of the above phenomena, it was of interest to us whether ARRDC2
might contribute to the poor prognosis of OV patients. Immediately after, the Kaplan-Meier survival
analysis and survival meta-analysis of this study showed that the overall survival of patients in the high-
expression group of ARRDC2 was shorter than that of the low-expression group. (Figure 2A-C). In
addition, survival meta-analysis further improved the scienti�c validity and rigor of Kaplan-Meier survival
analysis. However, to exclude the effect of chance factors, univariate cox and multivariate cox analyses
were used to con�rm that ARRDC2 could serve as an independent risk factor for poor prognosis in
patients with OV (Figure 2D and E). A great many studies have shown that genes in the ARRDC family
contributed to the progression of various malignancies such as gastric, cervical and colorectal cancers,
and were strongly associated with poor prognosis(13-15). For instance, ARRDC3, a member of the ARRDC
family, served as a biomarker for the diagnosis and prognosis of epithelial ovarian cancer(16). From this,
it can be boldly speculated that ARRDC2 may likewise act as an oncogene in ovarian cancer and lead to
poor prognosis, but its possible oncogenic mechanisms need to be further explored.

To further understand the pathological mechanism of poor prognosis of OV due to ARRDC2, we
performed GO annotation analysis and enrichment analysis of KEGG cell signaling pathway. As shown in
Figure 4A and B, ARRDC2 may be involved in immune response regulatory signaling pathway, B cell
receptor signaling pathway, T cell signaling pathway, Th17 cell differentiation and other immune-related
biological pathways and processes. Meanwhile, using GSEA, we again con�rmed that ARRDC2 was
highly and consistently enriched in immune-related signaling pathways. Studies have shown that
ARRDC3, an important member of the ARRDC family, was closely related to immunity in epithelial ovarian
cancer, which supports our research(16). The above enrichment analysis suggested that ARRDC2 may
play an oncogenic role in ovarian cancer by in�uencing immune factors in the tumor microenvironment.

Therefore, we further explored the relevance of ARRDC2 to immune cells and immune checkpoints in the
tumor immune microenvironment of ovarian cancer using the TIMER and TISIDB databases(17). Figure
4A and 4B showed that the mRNA expression levels of ARRDC2 positively correlated with the in�ltration
of immune cells, including CD8+ T cells, B cells, neutrophils and dendritic cells. Numerous studies have
con�rmed that immune in�ltration is considered as one of the hallmarks of cancer. Considering the
importance of immune cell in�ltration in tumors, TISIDB further evaluated the abundance ratio of
different immune cells in ovarian cancer (Figure 5A)(18). In addition to this, the TISIDB database also
showed a signi�cant positive association of the ARRDC2 gene with immunomodulators, major
histocompatibility complex molecules (MHC) and chemokines (Figure 5B and 5C). Previous studies have
shown that if upregulation of the MHC-I complex is present, then NK cells can target these cells to send
inhibitory signals, leading to long-term survival of tumor cells(19). It also corroborated our study that
ARRDC2 was positively correlated with the MHC gene and could act as an oncogene in ovarian cancer.
Interestingly, we also found a signi�cant positive correlation between ARRDC2 expression and four
immune checkpoints (Figure 4D). With advances in immunotherapy, particularly antibodies against the
immune checkpoints cytotoxic, such as T lymphocyte-associated protein 4 (CTLA-4), programmed death
protein 1 (PD-1) and programmed death ligand 1 (PD-L1), have shown clinical e�cacy in ovarian
cancer(20, 21). The degree of immune cell in�ltration can be determined by gene expression pro�les of
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immune-related genes, which may help estimate the prognosis of patients(22). In this regard, this
research showed that the overall survival of patients with high ARRDC2 expression was shortened as
seen by the Kaplan-Meier Plotter database under different immune cell in�ltration scenarios (Figure 6A-I).
In conclusion, this study fully con�rmed the close correlation between ARRDC2 and important tumor
immune microenvironment components such as immune cell in�ltration and immune checkpoints.
Moreover, the high expression of ARRDC2 could lead to poor prognosis such as reduced overall survival
under different immune cell in�ltration environments, which suggested that ARRDC2 may be used as a
novel immunotherapy target to improve the clinical prognosis of OV patients.

The ultimate goal of the study was to bene�t the clinic. Therefore, based on the above research part, the
CMap small molecule drug analysis was performed using co-expressed genes positively and negatively
associated with ARRDC2, and �nally two small molecule compounds with potential therapeutic effects
on ovarian cancer were predicted: Mercaptopurine and Apigenin (Figure 7). A large number of previous
studies have evaluated the reliability of the CMap small molecule drug analysis for drug prediction(23,
24). And encouragingly, previous studies have demonstrated the use of Mercaptopurine as an
immunomodulatory agent in the treatment of patients with in�ammatory bowel disease(25). In addition,
Mercaptopurine is effective in the treatment of immune modulation disorders and acute lymphoblastic
leukemia(26). For Apigenin, it has been reported that Apigenin inhibited various human cancers in vitro
and in vivo as well as stimulates immune responses through multiple biological effects(27). Besides,
Apigenin limited melanoma growth by inhibiting PD-L1 expression through modulation of tumor and
antigen(28). Notably, previous studies are highly consistent with our study that ARRDC2 may serve as a
new target for immunotherapy and may provide a new direction for subsequent immunopharmacological
treatment of ovarian cancer. 

The research focus of ovarian cancer treatment is precision immunotherapy or targeted therapy driven by
speci�c biomarkers, which will bring better survival results for patients with ovarian cancer. In addition, it
is important to explore new biomarkers not only for prognostic assessment, but also for the exploration
of the subtle mechanisms of epigenetic and immunological changes that occur in the tumor immune
microenvironment. This study brought the role of ARRDC2 as an immune-related prognostic biomarker in
ovarian cancer to the public eye for the �rst time. The discovery and in-depth study of ARRDC2 would
enable it to predict the effect of treatment, be used as a new potential therapeutic target and extend the
overall survival of patients. In conclusion, this study makes a pivotal contribution to making
immunotherapy a better treatment option for ovarian cancer.

Conclusion
Our study suggests that aberrantly expressed ARRDC2 may be a potential prognostic marker for OV. More
importantly, it may be associated with the tumor immune microenvironment. Clinically signi�cant
ARRDC2 may be used to assess the clinical prognosis of patients with OV and may also be used as a
target for immunotherapy or as a potential marker for checkpoint inhibitor-based immunotherapy.
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TCGA: The Cancer Genome Atlas; ARRDC2: Arrestin domain containing 2; TNM stage: Tumor invasion,
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Figure 1

The expression of ARRDC2 (mRNA, gene microarray and gene sequencing) in OVs. (A) Expression of
ARRDC2 in pan-cancer. (B) Box plot based on the expression level of ARRDC2 in the GSE29450 (OV=10,
Normal=10). (C) Box plot based on the expression level of ARRDC2 in the GSE10971 (OV=13,
Normal=24). (D) Our RT-qPCR experimental results showed that the expression of ARRDC2 in ovarian
cancer cells is higher than that in normal ovarian cells. The differences in ARRDC2 gene expression levels
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in OV were compared at the cell levels by Wilcoxon rank sum test. (E) The expression level of ARRDC2 in
OV based on individual FIGO stage. (F) The expression level of ARRDC2 in OV based on the race of
patient.

Figure 2

The correlation between ARRDC2 and the poor prognosis of patients with OV. (A) The Kaplan-Meier
survival curve revealed that the high expression of ARRDC2 lead to a poor prognosis in OVs (GSE19829,
N=28, P=0.0083). (B) The Kaplan-Meier survival curve revealed that the high expression of ARRDC2 lead
to a poor prognosis in OVs (TCGA, N=372, P=0.02). (C) Forest plot of high ARRDC2 expression with poor



Page 18/23

OS in OV patients based on survival meta-analysis of two datasets (GSE19829 and TCGA RNA-Seq,
P=0.02). (D-E) Analysis of univariate and multivariate factors affecting the prognosis of patients with OV.
(D) Univariate cox analysis. (E) Multivariate cox analysis.

Figure 3

Go (Gene ontology) functional annotation and KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathway enrichment analysis of ARRDC2 in OV. (A) Go functional annotation. Biological Process, BP
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(neutrophil degranulation, neutrophil mediated immunity, etc). Cellular Component, CC (ribosomal
subunit, mitochondrial protein complex, ribosome, large ribosomal subunit, etc). Molecular Function, MF
(structural constituent of ribosome, cadherin binding, transcription cofactor binding, etc). (B) KEGG
pathway enrichment analysis (B cell receptor signaling pathway, T cell signaling pathway, Human T-cell
leukemia virus 1 infection signaling pathway, NOD-Like receptor signaling pathway, Th17 cell
differentiation, etc). GSEA enrichment analysis results of ARRDC2 (B cell receptor signaling pathway and
T cell signaling pathway).
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Figure 4

The relationship between the expression of ARRDC2 and proportion of immune in�ltrates in TIMER
database. (A-B) In�ltration of various immune cells. (A)Macrophage, Neutrophil, Dendritic Cell. (B) B Cell,
CD8+T Cell, CD4+T Cell. (C) Association between ARRDC2 gene copy number and immune cell in�ltration
levels in OV cohorts (* P<0.05; ** P<0.01; *** P<0.001). (D) In TIMER database, the relationship between
Immune checkpoint (CTLA4, PDCD1, CD274, PDCD1LG2) and ARRDC2 gene expression was analyzed by
Spearman correlation analysis (P<0.05). Correlation coe�cients (rho values) and p values were shown.

Figure 5
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The relationship between the expression of ARRDC2 and immune checkpoints, MHC and chemokines in
the TISIDB database. (A) The relationship between immune checkpoint (CD274, HAVCR2, IDO1, PDCD1,
PDCD1LG2, TGFB1) and ARRDC2 gene expression. (B) The relationship between MHC (B2M, HLA-DMA,
HLA-DPA1, HLA-DRA, HLA-DRB1, HLA-E) and ARRDC2 gene expression. (C) The relationship between
Chemokines (CCL17, CCL13, CCL5, CCL3, CCL4, CX3CL1) and ARRDC2 gene expression. Spearman
correlation analysis was applied (P<0.05).

Figure 6

Relationship between overall survival and immune cell in�ltration and ARRDC2 gene expression in OV
patients. (A)B Cell in�ltration. (B) Basophils in�ltration. (C) CD4+T Cell in�ltration. (D) CD8+T Cell
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in�ltration. (E) Eosinophils in�ltration Neutrophil. (F) Macrophage in�ltration. (G) Mesenchymal stem cell
in�ltration. (H)Natural killer T-cell in�ltration. (I) Th1cell in�ltration.

Figure 7

Co-expression analysis of ARRDC2. (A) The ten most signi�cant genes of positive and negative
correlating with ARRDC2. (B) The Correlation coe�cients and P values of the ten most signi�cant genes
of positive and negative correlating with ARRDC2. (C-D) Screening of gene therapy drugs for ARRDC2
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based on the CMap and Pubchem database (Drug name, chemical structure, 2D structure and 3D
structure). (C) Mercaptopurine. (D) Apigenin.
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