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breast cancer and correlates with
tumor immune cell infiltration
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Purpose: Breast cancer (BC) is the most common malignancy and the leading
cause of cancer-related death among women worldwide. Early detection,
treatment, and metastasis monitoring are very important for the prognosis of
BC patients. Therefore, effective biomarkers need to be explored to help
monitor the prognosis of BC patients and guide treatment decisions.
Methods: In this study, the relationship between CCDC69 expression levels
and tumor clinical characteristics were analyzed using RNA-seq information
in BC samples from the TCGA database. Kaplan-Meier survival analysis was
performed to analyze the prognostic value of CCDC69 in BC patients.
Besides, gene enrichment analysis in BC samples was used to confirm the
main function of CCDC69 in BC. The correlation between the expression of
CCDC69 and the number of tumor-infiltrating lymphocytes was confirmed
by interaction analysis of TIMER and GEPIA.
Results: The results showed that CCDC69 expression was significantly lower in
cancer samples than in normal tissues, and was significantly lower in highly
invasive BC than in carcinoma in situ. Meanwhile, low levels of CCDC69
were associated with a further poor prognosis. CDCC69 expression was
positively correlated with the amount of different tumor-infiltrating
lymphocytes. Mechanically, it could be presumed that the low expression of
CCDC69 in BC might be caused by hypermethylation of the promoter region.
Conclusions: Summarily, CDCC69 could be used as a potential biomarker to
predict the prognosis of BC and the sensitivity to immunotherapy such as
PD-1/PD-L1 checkpoint inhibitors.

KEYWORDS

CCDC69, breast cancer, prognosis, immune infiltration, PD-1/PD-L1
factor receptor 2; TILs, tumor-infiltrating lymphocytes; PD-1, programmed cell-death protein 1; PD-L1,
programmed cell-death ligand 1; CCLE, cancer cell line encyclopedia; HR, hazard ratio; GO, Gene
Ontology; GSEA, gene enrichment analysis; TIMER, tumor immune estimation resource; GEPIA2, gene
expression profiling interaction analysis 2; LYM, lymphocyte-specific immune recruitment; ROC, receiver
operating characteristics; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CHOL,
cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; HNSC, head and neck
cancer; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary
carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell
carcinoma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach
adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma; KEGG, Kyoto
Encyclopedia of Genes and Genomes; NES, normalized enrichment score; FDR, false discovery rate; OS,
overall survival; DMFS, distant metatasis-free survival; RFS, relaps-free survival.
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Background

Breast cancer (BC) is one of the most common malignancies

in women, threatening the physical and mental health of

women all over the world (1). BC is a complex disease of

morphological and molecular heterogeneity, manifested by

three morphological levels and more than four different

molecular subtypes, including luminal A, luminal B, HER2-

positive, and basal-like BC (2). Early detection, treatment, and

metastasis monitoring are very important for the prognosis of

patients. Over the past decades, numerous methods have

attempted to improve the diagnostic accuracy of BC, such as

breast ultrasound imaging, x-ray mammography, and

positioning biopsy. However, these methods often cause

radioactive or invasive damage to patients, and it is difficult

to distinguish the exact molecular subtypes. The emergence of

biomarkers divides BC molecular characteristics into

subgroups with specific disease course and homogeneous

patterns that are sensitive to chemotherapy or new therapies.

Diagnostic markers based on disease-specific genes and

proteins contribute to the realization of precision medicine for

BC. Therefore, it is very important to explore new biomarkers

to help predict the clinical characteristics and prognosis of BC.

Most cancer genomic and genetic studies are conducted on

heterogeneous tumor tissue samples. Studies of various tumor

gene bank data provide valuable information about genomic

changes in tumor samples relative to normal samples. These

studies provide important tools for understanding key

information about tumor initiation, progression, and

metastasis. Coiled-coil domain-containing (CCDC) proteins

participated in diverse functions of regulating the cell cycle

and mediating apoptosis due to the highly versatile coiled-coil

motif (3, 4). In recent years, studies have shown that CCDC

proteins are closely related to a variety of tumors, such as

lung cancer and pancreatic ductal adenocarcinoma (5, 6).

CCDC69 is one of these family members, located at 5q33.1

(7). Moreover, CCDC69 was involved in controlling the

assembly of the central spindle and the recruitment of

intermediate region components, which was necessary for the

cytoplasmic division of animal cells (7). For instance, Cui

et al. confirmed that CCDC69 could enhance platinum-

induced apoptosis in ovarian cancer cells and improve the

sensitivity of combination therapy with platinum drugs (8).

Similarly, CCDC69 overexpression activated the p14ARF/

MDM2/p53 pathway in ovarian cancer, thereby improving

cisplatin resistance (9). Interestingly, Li et al. also found that

CCDC69 expression was negatively correlated with tumor

purity in 33 TCGA tumor types (10). And CCDC69 was

closely related to the overall survival of luminal BC patients

and human epidermal growth factor receptor 2 (HER2)-

positive BC patients (11, 12). However, up to now, little is

known about the expression characteristics and mechanism of

CCDC69 in breast cancer
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Here, in the present study, we comprehensively evaluated

the correlations between CDCC69 expression and BC clinical

features and the prognosis of BC patients using public

databases. Moreover, we also investigated the main pathways

that CDCC69 participated in BC. The CDCC69 expression

was positively correlated with the status of different tumor-

infiltrating lymphocytes (TILs) and programmed death 1

(PD-1)/programmed death-ligand 1 (PD-L1) expression.

Meanwhile, we investigated the potential mechanism of the

low expression of CCDC69 in BC, which may be caused by

hypermethylation of the promoter region. Our findings shed

light on the mechanism between CDCC69 and tumor-

immune interactions, posing that CDCC69 could serve as a

novel and potential biomarker to predict BC prognosis and

sensitivity to PD-1/PD-L1 inhibitor therapy.
Materials and methods

Gene expression data

RNA-Seq filings and clinical patient data, including 1,053

cancer samples and 111 normal samples were downloaded

from the publicly available TCGA databases (https://www.

cancer.gov/tcga). And the data about CCDC69 expression and

methylation in 48 BC cell lines were retrieved from the cancer

cell line encyclopedia (CCLE). No ethical conflict is needed

because of no experimental data in this study.
CCDC69 levels and survival analysis

To assess the prognostic role of CCDC69 in BC, the Kaplan-

Meier plotter has been performed online (http://kmplot.com/

analysis/) to determine the prognostic significance (13). The

hazard ratio (HR) with 95% confidence intervals and log-rank

P-value also has been computed.
Gene enrichment analysis

The co-expression genes of CCDC69 were downloaded from

the cBioPortal database and breast invasive carcinoma (TCGA,

Firehose Legacy, 1,108 samples) cohort. The R packages

“clusterProfiler” and “enrichplot” were used to perform the Gene

Ontology (GO) project and the Kyoto Encyclopedia of Genes

and Genomes (KEGG) functional pathway enrichment analyses.

Meanwhile, the gene enrichment analysis (GSEA) was used to

identify pathways that differed significantly in the presence of

high and low CCDC69-expressing BC samples. This analysis was

performed by GSEA software 3.0 from the Broad Institute. The

terms in KEGG pathway with corrected P value < 0.05 and false

discovery rate value < 0.25 were considered significantly enriched.
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CCDC69 expression and TILs analysis

We analyzed the correlation of CCDC69 expression with 6

types of TILs (B cells, CD4+ T cells, CD8+ T cells, neutrophils,

macrophages, and dendritic cells) in BC via The tumor immune

estimation resource (TIMER) algorithm database (https://cistrome.

shinyapps.io/timer/) (14). Meanwhile, TIMER was applied to

exam PD-1 and PD-L1 expression. Then, the correlation between

CCDC69 expression and gene markers of TILs was detected by

gene expression profiling interaction analysis 2 (GEPIA2) (15).

And the lymphocyte-specific immune recruitment (LYM)

metagene signature was as previously reported (16).
Statistical analysis

The R (version 3.6.2) was used for statistical analysis (17).

Wilcox test was used to analyze the CCDC69 expression

difference between tumor and normal samples. The association

between CCDC69 expression and the BC clinical features was

analyzed by the kruskal test. The receiver operating

characteristics (ROC) curve drawn by the pROC package was

used to evaluate the capability of diagnosis as well as set the

optimal cutoff value to identify the high CCDC69 expression

group and the low CCDC69 expression group accordingly (18).
Results

The mRNA expression levels of CCDC69
in human cancers

To assess mRNA expression levels of CCDC69 in human

cancers, RNA-seq data derived from TCGA was analyzed by
FIGURE 1

The expression level of CCDC69 in different human cancers. (A) The expressio
by TIMER. *P < 0.05, **P < 0.01, ***P < 0.001.
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the TIMER database. This analysis revealed that the CCDC69

expression was significantly lower in bladder urothelial

carcinoma (BLCA), breast invasive carcinoma (BRCA),

cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD),

esophageal carcinoma (ESCA), head and neck cancer (HNSC),

kidney chromophobe (KICH), kidney renal clear cell carcinoma

(KIRC), kidney renal papillary carcinoma (KIRP), liver

hepatocellular carcinoma (LIHC), lung adenocarcinoma

(LUAD), lung squamous cell carcinoma (LUSC), prostate

adenocarcinoma (PRAD), rectum adenocarcinoma (READ),

stomach adenocarcinoma (STAD), thyroid carcinoma (THCA),

and uterine corpus endometrial carcinoma (UCEC) tissues

compared to the neighbor normal tissues, respectively (Figure 1).

The correlation of CCDC69 expression
with clinical features of BC

To evaluate the relationship between CCDC69 expression

levels and BC clinical features, RNA-seq data from TCGA was

analyzed. As shown in Figure 2A, the expression level of

CCDC69 in 1,053 BC samples was significantly lower than

that in 111 normal samples (P = 7.252e-53). The expression of

CCDC69 in 111 BC tissues was significantly reduced than in

paired paracancerous samples (P = 4.497e-30) (Figure 2B).

Meanwhile, compared with small size in BC (T1–3) and

pathologic stages (Stage II-IV) in BC patients, the expression

of CCDC69 was obviously below in large size (T4) and

advanced pathological stage (Stage IV) patients (P < 0.001, P =

0.019) (Figures 2C,D). Moreover, the low expression of

CCDC69 was found to be associated with poor overall survival

(OS), relaps-free survival (RFS), and distant metatasis-free

survival (DMFS) in BC based on Affymetrix microarray in the

Kaplan-Meier plotter database (Figure 3). These results
n level of CCDC69 in different tumors in TCGA database was detected
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FIGURE 2

The expression level of CCDC69 was correlated with the BC clinical characteristics. (A) The expression level of CCDC69 in normal and BC specimens.
(B) CCDC69 expression level of BC and paracancer tissue samples. The expression level of CCDC69 was correlated with tumor size (C) and
pathological stage (D).

Yi et al. 10.3389/fsurg.2022.879921
suggested that the expression level of CCDC69 in BC was closely

related to the clinical manifestations of the patients.
The diagnostic value of CCDC69 in BC

The diagnostic value of CCDC69 was further evaluated

combined with the association between CCDC69 and the

clinical manifestations of BC. The performance of ROC curve

showed that the area under the curve (AUC) was 0.944,

indicating a strong diagnostic ability and the optimal cut-off

value was 7.387. In addition, by analyzing the four stages, the

classification based on CCDC69 expression also showed a

strong efficiency (AUC: stage I was 0.935, stage II was 0.948,

stage III was 0.939, stage IV was 0.940) (Figures 4A–E).
The association of CCDC69 with immune
response in BC

To explore the potential biological effect of CCDC69 in BC,

we obtained the co-expression genes of CCDC69 from 1,108
Frontiers in Surgery 04
samples of BC in the cBioportal database, among which 745

genes were positively correlated and no negatively correlated

genes were found. Based on GO and KEGG analysis, the

genes co-expressed with CCDC69 were mainly related to

immune pathways, such as Cytokine-cytokine receptor

interaction, Chemokine signaling pathway, Hematopoietic cell

lineage, and so on (Figure 5). Furthermore, the GSEA analysis

was performed on 1,053 BC samples, grouped according to the

expression level of CCDC69. It was found that most of the

genes in the high expression group were enriched in immune-

related signaling pathways (Table 1). Taken together, the above

results suggested that CCDC69 might play a biological role in

BC by participating in the immune response. Therefore, it was

necessary to further verify the correlation between CCDC69 and

tumor immune microenvironment.
The correlation between CCDC69
expression and TILs

The relationship between the infiltration of six common

types of TILs and the expression level of CCDC69 was
frontiersin.org
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FIGURE 3

Prognostic value of CCDC69 in BC patients. (A,D) Overall survival curve of CCDC69 for BC patients; (B,E) relapse free survival curve of CCDC69 for
BC patients; (C,F) distant metastases free survival curve of CCDC69 for BC patients.
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evaluated by TIMER. The results indicated that CCDC69

expression levels had a visibly positive correlation with

infiltrating levels of B cells (r = 0.270, P = 8.02e-18), CD8+ T

cells (r = 0.505, P = 2.05e-64), CD4+ T cells (r = 0.516, P =

1.37e-66), macrophages (r = 0.211, P = 2.27e-11), neutrophils

(r = 0.418, P = 1.88e-41), and dendritic cells (r = 0.478, P =

1.81e-55) (Figure 6). And this correlation was also consistent

across different subtypes of BC (basal-like BC, luminal BC,

and HER2+ BC). These results indicated that the CCDC69

expression could reflect the abundance of TILs in all anterior

subtypes BC.
The correlation between CCDC69
expression and TILs infiltration

Next, the correlation between CCDC69 expression and the

status of TILs marker gene expression levels in BC tissues was

confirmed using the TIMER and GEPIA databases. The

results showed that CCDC69 expression in BC tissues

positively correlated with marker genes expression from B cell

(r = 0.61, P = 1.1e-111), CD8+ cell (r = 0.64, P = 1.4e-126),
Frontiers in Surgery 05
TAMs (r = 0.51, P = 1.7e-74), neutrophil (r = 0.64, P = 2.5e-

128) and dendritic cell (r = 0.6, P = 2.1e-106) (Figures 7A–E).

Meanwhile, the LYM, a signature of BC prognosis, also

showed a strong positive correlation with CCDC69 (r = 0.66,

P = 2.3e-135) (Figure 7F). These results strongly suggested

that CCDC69 expression reflected the level of TILs infiltration

in BC.
The correlation between CCDC69 and
PD-1/PD-L1 expression levels

PD-1, belonging to the B7 family of immunostimulatory/

inhibitory molecules, is commonly expressed on the surface of

TILs (19). PD-L1 is one of the ligands for PD-1 (20). Studies

have shown that the application of immune checkpoint

inhibitors targeting the PD1/PD-L1 axis could observably

improve the prognosis of cancer patients (21). Furthermore,

the anti-PD-1 antibody atezolizumab has been approved by

the U.S. Food and Drug Administration for use in

combination with nab-paclitaxel for the treatment of

metastatic TNBC (22, 23). Based on these theories, the
frontiersin.org
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FIGURE 4

Diagnosis value of CCDC69. The ROC curve of normal tissues and BC (A), and subgroup analysis of stage I (B), II (C), III (D), and IV (E).
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correlation between CCDC69 and PD-1/PD-L1 axis was

explored by TIMER, which showed that the expression level

of CCDC69 was positively correlated with the expression of

PD-1 and PD-L1 in all subtypes of BC (Figure 8). Therefore,

CCDC69 could reflect the expression of immune checkpoints

to some extent, and patients with low CCDC69 expression

might have a lower response rate to PD-1 and PD-L1 inhibitors.
The methylation level in the promoter
region affected CCDC69 expression

The CCDC69 expression was relatively highly expressed in

B-cell_ALL, multiple myeloma, CML, AML, T-cell_ALL,

upper aerodigestive, pancreas, colorectal, and esophagus. On

the contrary, the CCDC69 expression was relatively low

expressed in the endometrium, glioma, lymphoma Hodgkin,
Frontiers in Surgery 06
mesothelioma, osteosarcoma, melanoma, Ewings sarcoma,

kidney, lung small cell, neuroblastoma (Figure 9A). We also

analyzed the levels of DNA methylation in each cell line.

Compared with CCDC69 expression, DNA methylation was

an important factor affecting CCDC69 expression. More

specifically, the higher the degree of methylation, indicated

the lower the expression of CCDC69 (Figure 9B). Spearman’s

Correlation analysis of 48 BC cells showed that DNA

methylation was negatively correlated with the expression

level of CCDC69 (Figure 9C). According to the UALCAN

database, the promoter methylation level of CCDC69 in BC

samples was higher than that in normal tissues (Figure 9D).

Moreover, the cBioPortal data indicated that the CCDC69

expression level was negatively correlated with the promoter

region methylation level (Figure 9E). Taken together, these

results suggested that the CCDC69 low expression in BC may

be possibly caused by hypermethylation of the promoter region.
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FIGURE 5

CCDC69 was involved in BC immune response. GO (A) and KEGG (B) analysis of 1,108 BC samples with CCDC69 expression levels showed that the
genes positively co-expressed with CCDC69 were mainly related to immune pathways.

Yi et al. 10.3389/fsurg.2022.879921
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Discussion

This study supported that CCDC69 served as a prognostic

biomarker in BC. CCDC69 mRNA levels were obviously

lower in invasive breast carcinoma tissues compared with

adjacent normal tissues. CCDC69 mRNA levels were inversely
TABLE 1 GSEA indicated that CCDC69 participated in the immune
response in BC.

KEGG NES P-value FDR

Cytokine_cytokine_receptor_interaction 2.3312 0 0

Cell_adhesion_molecules_cams 2.2486 0 0

Chemokine_signaling_pathway 2.2094 0 0

Neuroactive_ligand_receptor_interaction 2.1933 0 0.0003

JAK_STAT_signaling_pathway 2.1000 0 0.0021

Hematopoietic_cell_lineage 2.0054 0.0020 0.0056

Calcium_signaling_pathway 1.9302 0 0.0108

Leukocyte_transendothelial_migration 1.9244 0.0042 0.0104

Adipocytokine_signaling_pathway 1.8800 0.0020 0.0171

Endocytosis 1.8631 0.0041 0.0190

GSEA, gene enrichment analysis; BC, breast cancer; KEGG, Kyoto Encyclopedia

of Genes and Genomes; NES, normalized enrichment score; FDR, false

discovery rate.

FIGURE 6

The expression of CCDC69 in the TIMER database was correlated with the in
positively correlated with infiltration of B cells, CD8+ T cells, CD4+ T cells, ma
level and CCDC69 expression level in (B) basal subtype, (C) HER2 subtype an
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correlated with tumor size, pathological stage of BC patients.

Furthermore, CCDC69 expression correlated with the

numbers of TILs based on the levels of markers for different

immune cell types in BC. Thus, our study puts insights into

understanding the potential role of CCDC69 in tumor

immunology and its potential as a BC biomarker.

At present, some preliminary studies on CCDC69 in BC

suggest that CCDC69 may be associated with overall survival

in BC patients (11, 12). But these studies have some

limitations. Firstly, in the above reports, the studies on the

relationship between CCDC69 and patient prognosis mainly

focused on luminal and HER2+ BC, which did not have the

generality of all BC subtypes. Then, only the correlation

between CCDC69 and overall survival was investigated

without delving into the potential biological function. Thus,

there is a need to further explore the role of CCDC69 in BC.

In our study, we investigated the potential biological functions

and mechanisms of CCDC69. CCDC69 was decreased in BC

and 16 other types of cancer tissues than in corresponding

normal tissues. And the low expression level of CCDC69 in

advanced stages suggested that the expression level of

CCDC69 was reduced in invasive disease. Moreover, we found

that in BC cell lines, the expression level of CCDC69 was

inversely proportional to the methylation level, suggesting that
filtration level of TILs. (A) In BC, CCDC69 expression was significantly
crophages, neutrophils, and dendritic cells. Analysis of TILS infiltration
d (D) luminal subtype in TIMER database.
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FIGURE 7

CDCC69 was positively correlated with TILs marker expression in BC. GEPIA2 was used to assess the association of CCDC69 expression levels with
(A) CD8+ T cells, (B) B cells, (C) TAM, (D) neutrophils, (E) DC and (F) LYM metagenetic characteristics.

FIGURE 8

The expression levels of PD-1 and PD-L1 were decreased in BC with low expression of CDCC69. The relationship between CCDC69 expression and
PD-1 and PD-L1 expression in various BC subtypes was evaluated by TIMER.

Yi et al. 10.3389/fsurg.2022.879921
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FIGURE 9

The expression level of CCDC69 was affected by the methylation level of its promoter region. (A) The expression of CCDC69 in various cancer cell
lines. (B) Levels of DNA methylation in various cancer cell lines. (C) DNA methylation was negatively correlated with CCDC69 expression in 48 BC cell
lines. (D) In the UALCAN database, the promoter methylation level of the breast cancer sample CCDC69 was higher than that of normal tissues. (E)
Analysis of Bioportal data indicated that the expression level of CCDC69 was negatively correlated with the methylation level of the promoter region.

Yi et al. 10.3389/fsurg.2022.879921
the hypermethylation of the CCDC69 promoter may lead to the

reduction of mRNA level.

Using GSEA analysis, we found that CCDC69 was involved

in immune response in BC, and this was a previously

unreported function. In the past few years, immunotherapy

has been identified as an important cancer treatment (24–26),

with remarkable activity and therapeutic potential for

combating multiple tumor types (27). BC with different

degrees of TILs infiltration has different efficacy in

chemotherapy, radiotherapy, or immunotherapy. For example,

high TILs infiltration was associated with a lower risk of

recurrence in BC patients (28, 29). In addition, the assessment

of immune environment regulation after neoadjuvant

chemotherapy in BC patients showed that in some patients,

the infiltration of immune microenvironment TILs was

significantly increased (30, 31). These results suggested that

risk stratification with appropriate immune markers could be

used to effectively determine the risk of recurrence in early

disease setting. Here, we evaluated the relationship between

CCDC69 and TILs in BC. In all BC subtypes, the expression
Frontiers in Surgery 10
of CCDC69 was positively correlated with TILs indicating that

CCDC69 could reflect the infiltration of TILs.

In addition, the same results were found in CCDC69 and

PD-L1/PD-1. With the application of PD-1/PD-L1 inhibitor

therapy, the biomarkers to predict BC’s reaction to ICB agents

also deserve attention. With the application of PD-1/PD-L1

antibodies therapy, biomarkers that predict the drug response of

BC to PD-1/PD-L1 antibodies also deserve attention. Moreover,

the PD-L1 expression detected by immunohistochemical has

been proved to be an effective biomarker for selecting patients

who benefit from anti-PD-1 and anti-PD-L1 antibodies (32, 33).

The results showed that CCDC69 was positively correlated with

PD-L1/PD-1 expression, suggesting that CCDC69 could be

considered as a predictor of the benefit of anti-PD-1/anti-PD-L1

antibody treatment in BC patients.

In order to avoid the bias of experimental conclusions, we

adopted the method of combining multiple databases and

multiple analyses, which supported our conclusion from the

clinical characteristics of the tumor to the potential molecular

mechanism. Admittedly, there are some limitations to our
frontiersin.org
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study. For example, we should collect information on BC patients

diagnosed in the last 10 years or longer, which can be used to

verify the relationship between survival and CCDC69.

Regrettably, due to some difficulties in sample resources and

collection, we did not collect appropriate clinical samples for

verification. Further, hematoxylin and eosin staining and

immunohistochemistry can be used to determine the type of

TILs in later studies. Moreover, due to the limitation of

bioinformatics technology and data in the database, there has

not been a comparative analysis of CCDC69 expression levels in

various breast cancer subtypes in this study. Lastly, this study

mainly discussed the role of CCDC69. Although single-gene

diagnosis is simple and convenient, its accuracy and sensitivity

are not as good as multi-gene diagnosis. Therefore, subsequent

study verification is required which will make our conclusion

more credible. Totally, CCDC69 expression is expected not only

to be a diagnostic and prognostic marker, but also to help

predict the drug response of patients to immunotherapy.
Conclusions

Together, our study demonstrated that the CCDC69 expression

was closely related to BC clinical features and the low expression

level of CCDC69 was associated with an unfavorable prognosis.

Importantly, CCDC69 expression was positively connected to

TILs quantities and PD-L1/PD-1 expression. CCDC69 might be

a potential biomarker to help identify BC patients who would

benefit more from anti-PD-L1/anti-PD-1 antibodies.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and
Frontiers in Surgery 11
accession number(s) can be found in the article/Suplementary

Material.
Author contributions

YY and TX performed data analysis and wrote the

manuscript. YW and QZ conceived the project and revised

the manuscript. TX, YT, WL, CZ and MW edited the

manuscript. All authors reviewed the manuscript and all

approved of the final version.
Funding

This work was supported by China Guanghua Science and

Technology Foundation (grant number 2019JZXM001) and

Wuhan Science and Technology Bureau (grant 2020020601012241).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/
caac.21492

2. Aleskandarany MA, Vandenberghe ME, Marchiò C, Ellis IO, Sapino A, Rakha
EA. Tumour heterogeneity of breast cancer: from morphology to personalised
medicine. Pathobiology. (2018) 85:23–34. doi: 10.1159/000477851

3. Peralta S, Clemente P, Sánchez-Martínez Á, Calleja M, Hernández-Sierra R,
Matsushima Y, et al. Coiled coil domain-containing protein 56 (CCDC56) is a
novel mitochondrial protein essential for cytochrome c oxidase function. J Biol
Chem. (2012) 287:24174–85. doi: 10.1074/jbc.M112.343764

4. Yin D-T, Xu J, Lei M, Li H, Wang Y, Liu Z, et al. Characterization of the novel
tumor-suppressor gene CCDC67 in papillary thyroid carcinoma. Oncotarget.
(2016) 7:5830–41. doi: 10.18632/oncotarget.6709

5. Jiang G-Y, Zhang X-P, Zhang Y, Xu H-T, Wang L, Li Q-C, et al. Coiled-coil
domain-containing protein 8 inhibits the invasiveness and migration of non–small
cell lung cancer cells.Hum Pathol. (2016) 56:64–73. doi: 10.1016/j.humpath.2016.06.001
6. Radulovich N, Leung L, Ibrahimov E, Navab R, Sakashita S, Zhu C-Q, et al.
Coiled-coil domain containing 68 (CCDC68) demonstrates a tumor-suppressive
role in pancreatic ductal adenocarcinoma. Oncogene. (2015) 34:4238–47.
doi: 10.1038/onc.2014.357

7. Pal D, Wu D, Haruta A, Matsumura F, Wei Q. Role of a novel coiled-coil
domain-containing protein CCDC69 in regulating central spindle assembly. Cell
Cycle. (2010) 9:4117–29. doi: 10.4161/cc.9.20.13387

8. Cui L, Liang B, Yang Y, Zhu M, Kwong J, Zheng H, et al. Inhibition of coiled
coil domain containing protein 69 enhances platinum-induced apoptosis in
ovarian cancer cells. Oncotarget. (2017) 8:101634–48. doi: 10.18632/oncotarget.
21356

9. Cui L, Zhou F, Chen C, Wang CC. Overexpression of CCDC69 activates
p14ARF/MDM2/p53 pathway and confers cisplatin sensitivity. J Ovarian Res.
(2019) 12:4. doi: 10.1186/s13048-019-0479-3

10. Li Y, Umbach DM, Bingham A, Li Q-J, Zhuang Y, Li L. Putative biomarkers
for predicting tumor sample purity based on gene expression data. BMC
Genomics. (2019) 20:1021. doi: 10.1186/s12864-019-6412-8
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1159/000477851
https://doi.org/10.1074/jbc.M112.343764
https://doi.org/10.18632/oncotarget.6709
https://doi.org/10.1016/j.humpath.2016.06.001
https://doi.org/10.1038/onc.2014.357
https://doi.org/10.4161/cc.9.20.13387
https://doi.org/10.18632/oncotarget.21356
https://doi.org/10.18632/oncotarget.21356
https://doi.org/10.1186/s13048-019-0479-3
https://doi.org/10.1186/s12864-019-6412-8
https://doi.org/10.3389/fsurg.2022.879921
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Yi et al. 10.3389/fsurg.2022.879921
11. Wang Y, Zhu M, Guo F, Song Y, Fan X, Qin G. Identification of tumor
microenvironment-related prognostic biomarkers in luminal breast cancer.
Front Genet. (2020) 11:555865. doi: 10.3389/fgene.2020.555865

12. Gao C, Zhuang J, Li H, Liu C, Zhou C, Liu L, et al. Development of a risk
scoring system for evaluating the prognosis of patients with Her2-positive breast
cancer. Cancer Cell Int. (2020) 20:121. doi: 10.1186/s12935-020-01175-1

13. Nagy Á, Lánczky A, Menyhárt O, Győrffy B. Validation of miRNA
prognostic power in hepatocellular carcinoma using expression data of
independent datasets. Sci Rep. (2018) 8:9227. doi: 10.1038/s41598-018-27521-y

14. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: a web server
for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. (2017)
77:e108–10. doi: 10.1158/0008-5472.CAN-17-0307

15. Siemers NO, Holloway JL, Chang H, Chasalow SD, Ross-MacDonald PB,
Voliva CF, et al. Genome-wide association analysis identifies genetic correlates
of immune infiltrates in solid tumors. PLoS One. (2017) 12:e0179726. doi: 10.
1371/journal.pone.0179726

16. Cheng W-Y, Yang T-HO, Anastassiou D. Development of a prognostic
model for breast cancer survival in an open challenge environment. Sci Transl
Med. (2013) 5:181ra50-181ra50. doi: 10.1126/scitranslmed.3005974

17. Xing J, Tian Y, Ji W, Wang X. Comprehensive evaluation of SPATS2
expression and its prognostic potential in liver cancer. Medicine (Baltimore).
(2020) 99:e19230. doi: 10.1097/MD.0000000000019230

18. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez J-C, et al.
pROC: an open-source package for R and S+ to analyze and compare ROC
curves. BMC Bioinformatics. (2011) 12:77. doi: 10.1186/1471-2105-12-77

19. Chen S, Crabill GA, Pritchard TS, McMiller TL, Wei P, Pardoll DM, et al.
Mechanisms regulating PD-L1 expression on tumor and immune cells.
J Immunother Cancer. (2019) 7:305. doi: 10.1186/s40425-019-0770-2

20. Yamazaki T, Akiba H, Iwai H, Matsuda H, Aoki M, Tanno Y, et al.
Expression of programmed death 1 ligands by murine T cells and APC.
J Immunol. (2002) 169:5538–45. doi: 10.4049/jimmunol.169.10.5538

21. Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, et al. Association of
PD-1, PD-1 ligands, and other features of the tumor immune microenvironment
with response to anti–PD-1 therapy. Clin Cancer Res. (2014) 20:5064–74. doi: 10.
1158/1078-0432.CCR-13-3271

22. Adams S, Gatti-Mays ME, Kalinsky K, Korde LA, Sharon E, Amiri-
Kordestani L, et al. Current landscape of immunotherapy in breast cancer.
JAMA Oncol. (2019) 5:1205. doi: 10.1001/jamaoncol.2018.7147
Frontiers in Surgery 12
23. Esteva FJ, Hubbard-Lucey VM, Tang J, Pusztai L. Immunotherapy and
targeted therapy combinations in metastatic breast cancer. Lancet Oncol. (2019)
20:e175–86. doi: 10.1016/S1470-2045(19)30026-9

24. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined nivolumab and ipilimumab or monotherapy in untreated melanoma.
N Engl J Med. (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

25. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott
DF, et al. Safety, activity, and immune correlates of anti–PD-1 antibody in
cancer. N Engl J Med. (2012) 366:2443–54. doi: 10.1056/NEJMoa1200690

26. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB,
et al. Improved survival with ipilimumab in patients with metastatic melanoma.
N Engl J Med. (2010) 363:711–23. doi: 10.1056/NEJMoa1003466

27. Rosenberg SA. Raising the bar: the curative potential of human cancer
immunotherapy. Sci Transl Med. (2012) 4:127ps8-127ps8. doi: 10.1126/
scitranslmed.3003634

28. Aaltomaa S, Lipponen P, Eskelinen M, Kosma V-M, Marin S, Alhava E, et al.
Lymphocyte infiltrates as a prognostic variable in female breast cancer. Eur
J Cancer. (1992) 28:859–64. doi: 10.1016/0959-8049(92)90134-N

29. Black MM, Speer FD, Opler SR. Structural representations of tumor-host
relationships in mammary carcinoma: biologic and prognostic significance. Am
J Clin Pathol. (1956) 26:250–65. doi: 10.1093/ajcp/26.3.250

30. Kang TH, Mao C-P, Lee SY, Chen A, Lee J-H, Kim TW, et al. Chemotherapy
acts as an adjuvant to convert the tumor microenvironment into a highly
permissive state for vaccination-induced antitumor immunity. Cancer Res.
(2013) 73:2493–504. doi: 10.1158/0008-5472.CAN-12-4241

31. Dieci MV, Mathieu MC, Guarneri V, Conte P, Delaloge S, Andre F, et al.
Prognostic and predictive value of tumor-infiltrating lymphocytes in two phase
III randomized adjuvant breast cancer trials. Ann Oncol. (2015) 26:1698–704.
doi: 10.1093/annonc/mdv239

32. Emens LA, Cruz C, Eder JP, Braiteh F, Chung C, Tolaney SM, et al. Long-
term clinical outcomes and biomarker analyses of atezolizumab therapy for
patients with metastatic triple-negative breast cancer. JAMA Oncol. (2019) 5:74.
doi: 10.1001/jamaoncol.2018.4224

33. Dirix LY, Takacs I, Jerusalem G, Nikolinakos P, Arkenau H-T, Forero-
Torres A, et al. Avelumab, an anti-PD-L1 antibody, in patients with
locally advanced or metastatic breast cancer: a phase 1b JAVELIN Solid
Tumor study. Breast Cancer Res Treat. (2018) 167:671–86. doi: 10.1007/
s10549-017-4537-5
frontiersin.org

https://doi.org/10.3389/fgene.2020.555865
https://doi.org/10.1186/s12935-020-01175-1
https://doi.org/10.1038/s41598-018-27521-y
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1371/journal.pone.0179726
https://doi.org/10.1371/journal.pone.0179726
https://doi.org/10.1126/scitranslmed.3005974
https://doi.org/10.1097/MD.0000000000019230
https://doi.org/10.1186/1471-2105-12-77
https://doi.org/10.1186/s40425-019-0770-2
https://doi.org/10.4049/jimmunol.169.10.5538
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1001/jamaoncol.2018.7147
https://doi.org/10.1016/S1470-2045(19)30026-9
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1126/scitranslmed.3003634
https://doi.org/10.1126/scitranslmed.3003634
https://doi.org/10.1016/0959-8049(92)90134-N
https://doi.org/10.1093/ajcp/26.3.250
https://doi.org/10.1158/0008-5472.CAN-12-4241
https://doi.org/10.1093/annonc/mdv239
https://doi.org/10.1001/jamaoncol.2018.4224
https://doi.org/10.1007/s10549-017-4537-5
https://doi.org/10.1007/s10549-017-4537-5
https://doi.org/10.3389/fsurg.2022.879921
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	CCDC69 is a prognostic marker of breast cancer and correlates with tumor immune cell infiltration
	Background
	Materials and methods
	Gene expression data
	CCDC69 levels and survival analysis
	Gene enrichment analysis
	CCDC69 expression and TILs analysis
	Statistical analysis

	Results
	The mRNA expression levels of CCDC69 in human cancers
	The correlation of CCDC69 expression with clinical features of BC
	The diagnostic value of CCDC69 in BC
	The association of CCDC69 with immune response in BC
	The correlation between CCDC69 expression and TILs
	The correlation between CCDC69 expression and TILs infiltration
	The correlation between CCDC69 and PD-1/PD-L1 expression levels
	The methylation level in the promoter region affected CCDC69 expression

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


