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Background: Tumor immune cell infiltration is closely associated with the occurrence and development of tumors. Collagen triple
helix repeats containing 1 (CTHRCI1), a regulator of collagen expression and cell migration, is involved in the metastasis and invasion
of tumors. However, the role of CTHRCI in breast cancer remains unclear. This study aimed to investigate the prognostic value of
CTHRC1, and further explore its association with immune infiltration in breast cancer.

Methods: CTHRCI1 expression pattern and prognostic value were analyzed using ONCOMINE, PrognoScan, GEPIA, and Kaplan—
Meier Plotter databases. We then detected CTHRC1 mRNA levels in breast cancer tissues and paired normal breast tissues by Q-PCR.
Subsequently, the University of California Santa Cruz (UCSC) database was used to determine the methylation status of CTHRCI.
Furthermore, CTHRC1 mutations were investigated using the Catalogue of Somatic mutations in Cancer (COSMIC) and cBioPortal
databases. We also assessed the correlation between CTHRCI expression and immune cell infiltration using TIMER. In addition, The
relationship of CTHRC1 expression with the immune marker sets of various immune cells was evaluated using GEPIA and TIMER.
Results: CTHRC1 was highly expressed in a variety of tumors, including breast cancer. Elevated CTHRC1 expression was related to
a poor prognosis. Notably, CTHRC1 expression was significantly associated with macrophage infiltration, especially the immune
infiltration gene marker set of M2. Copy number variations, DNA mutations and methylation states might be potential mechanisms for
regulating CTHRC1 expression. Protein digestion and absorption, human papillomavirus infection, ECM-receptor interaction, focal
adhesion, and PI3K-Akt signaling pathways were identified as the potential CTHRC1-driven signaling pathways.

Conclusion: These findings suggest that CTHRCI could be a promising immune-related biomarker for the treatment of breast cancer
patients.
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Introduction

Breast cancer is the most commonly diagnosed tumor in women.! Although there have been improvements in early
clinical detection and therapy strategies, the prognosis for breast cancer patients remains unsatisfying.> With the rapid
development of high-throughput sequencing technology, researchers have identified a number of prognosis-related genes
in breast cancer, including MUCI1, COLI2A1, CDK6, TXN, SEMA3B, and CCNB2.*> Recently, tumor immune cell
infiltration has been reported to play an important role in tumor progression and to influence the immunotherapy effect.’
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Researchers also found an adaptive immune response against breast tumors in either the patient’s peripheral blood or the
tumor.” Accurate biomarkers for the early clinical diagnosis and prognosis evaluation in breast cancer patients could
improve the efficiency of current treatments and provide potential molecular markers for targeted therapies. Thus,
identification of immune-related biomarkers plays a crucial role in the immunotherapy of breast cancers.

Collagen-containing triple helix repeat-1 (CTHRC1), a secreted 28-kDa protein, was first discovered in balloon-
injured arteries of rats.”®* CTHRC]1 is expressed by fibroblasts, which reshapes the adventitia, and by smooth muscle cells
of the neointima, which inhibits collagen expression, and increases cell migration.” Subsequent studies found that
CTHRCI is anchored in the cell surface by the physical interaction between Wnt ligands and coiled receptors, and
that these anchors also activated the planar cell polarity pathway in Wnt signaling to regulate cell motility and gliding.’
CTHRCI is abnormally upregulated in a variety of tumor types (eg, lung, breast, thyroid, ovarian, cervical, liver, and
pancreatic cancers), and it is associated with the tumor progression.'®'* Furthermore, CTHRC1 plays an important role
in the regulation of the tumor microenvironment such as M2-like macrophage recruitment, and invasion in endometrial
carcinoma.'® Although a significant correlation between CTHRC1 overexpression and poor prognosis has been reported
in breast invasive ductal carcinomas,'® the mechanism of CTHRCI overexpression and the relationship between
CTHRCI1 expression and immune infiltration remain unclear.

In this paper, we systematically analyzed the correlation between CTHRC1 expression and the prognosis of breast cancer
patients based on ONCOMINE, PrognoScan, GEPIA, and Kaplan-Meier Plotter databases. Then, the methylation status and
mutations of CTHRC1 were investigated using UCSC Cancer Genomics Browser as well as COSMIC and cBioPortal
databases. Moreover, the association between CTHRCI expression and immune cell infiltration in the tumor microenviron-
ment was evaluated by TIMER and GEPIA, and potential CTHRC1-driven signaling pathways were analyzed by KEGG.

Materials and Methods

Oncomine Database Analysis
CTHRCI expression levels in the different types of cancers were obtained from the Oncomine database (https:/www.
oncomine.org/resource/login.html).'> Parameters used were: P-value of 0.001, fold change of 1.5, and gene ranking of all.

UCSC Cancer Genomics Browser Analysis

The heat map of CTHRC1 expression was analyzed using the UCSC Cancer Genomics Browser (http://xena.ucsc.edu/).
The regulatory mechanism of CTHRC1 expression was detected using TCGA Breast Cancer (dataset ID: TCGA.BRCA.
sampleMap/HumanMethylation450).

16-18

COSMIC Analysis

To analyze CTHRC1 mutations in breast cancer, the percentage of CTHRC1 mutations and the alteration frequency of
CTHRCI mutations were investigated by the COSMIC database (http://cancer.sanger.ac.uk) and cBioPortal database.'?*°

RNA Extraction and Q-PCR

Breast cancer patients with distant metastases, and with a history of other solid tumors, radiotherapy, chemotherapy, or
neoadjuvant chemotherapy, were excluded. A total of 24 samples (including 12 tumor tissues and 12 adjacent normal
tissues) were acquired from 12 breast cancer patients. The study was conducted according to the criteria set in the
Declaration of Helsinki and all patients provided informed consent. The study protocol was approved by the Ethics
Committee of Guizhou Medical University [reference number 2022(105)].

Trizol (Takara, 9108, Japan) was used to extract total RNA from breast cancer and normal breast tissues. Then, CTHRC1
mRNA expression was analyzed by 2X Super SYBR Green qPCR Master Mix (ES Science, QP220, China). The primer
sequences for CTHRCI1 were: forward, 5’-GCGGAGTGTACATTTACAAAGATGCG-3’; reverse, 5’-GAAATACCAACT
CTGACAGCATGC-3’; The primer sequences for GAPDH were: forward, 5°>-GACCTGACCTGCCGTCTA-3’; reverse, 5°-
AGGAGTGGGTGTCGCTGT-3".
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Kaplan-Meier Plotter Database Analysis
Kaplan-Meier curves (http://kmplot.com/analysis/) were plotted to distinguish the low- or high-risk of breast cancer patients

based on the relationship between CTHRC1 expression and survival.?' The Log rank test was used. The hazard ratios (HR)
were calculated with 95% confidence intervals, P-values were two-sided, and analyses were conducted using R/Bioconductor.

TIMER Database Analysis

To evaluate the association between CTHRC]1 expression and tumor immune cell infiltration, the TIMER database was
used (https://cistrome.shinyapps.io/timer/).> According to the gene expression profiles, tumor infiltration immune cell
can be identified via the deconvolution statistical method using The Cancer Genome Atlas (TCGA).>*** We used the
TIMER database to explore CTHRC1 expression in different types of cancers and the relationship between CTHRCI1

expression and tumor immune cell infiltration. These immune cells contained dendritic cells, CD4" T cells, CD8" T cells,
macrophages, B cells, and neutrophils. We also analyzed the association between CTHRCI1 expression and tumor
immune cell infiltration gene markers by correlation modules based on the TIMER database. These gene markers
included markers of dendritic cells, M1 macrophages, M2 macrophages, T cells (general), monocytes, CD8" T cells,
TAMs, B cells, and neutrophils.”>~® In the expression scatter plots, Spearman correlation was used to evaluate statistical
significance. Gene expression levels were presented in log2 TRM.

Gene Correlation Analysis in GEPIA
Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/index.html) was used to further

identify CTHRCI1 related genes. Survival curves were obtained from GEPIA based on gene expression with the Log rank
test and the Mantel-Cox test for tumors. Correlation analysis of gene expression was performed on the given TCGA
expression data set. The correlation coefficient was analyzed by the Spearman method.

Functional Enrichment Analysis
The genes coexpressed with CTHRC1 were obtained from cBioPortal for Cancer Genomics (http://www.cbioportal.org/)

based on |[Spearman’s r| > 0.642. The enrichment analysis of these coexpressed genes included Gene Ontology (GO)
terms and Kyoto Encyclopedia of Genes and Genomes (KEGGQG) pathways with the false discovery rate (FDR) < 0.05.

Statistical Analysis

CTHRCI1 expression differences between breast cancer and normal groups were evaluated using unpaired Welch’s #-test.
The correlations between CTHRC]1 expression and prognosis, CTHRC1 expression and tumor immune cell infiltration,
and CTHRCI expression and tumor immune cell infiltration gene markers were detected by Pearson’s correlation
analysis. Gene expression levels were presented as log2 TRM. P-values < 0.05 were considered statistically significant.

Results
CTHRCI Expression Levels in Cancers

CTHRCI1 expression was detected using the Oncomine database, and higher CTHRC1 expression was shown in tumor
tissues compared to normal tissues for brain, breast, cervical, colorectal, esophageal, gastric, head and neck, kidney,
leukemia, liver, lung, lymphoma, melanoma, pancreatic, and prostate cancers, respectively (Figure 1A).

To further explore CTHRCI1 expression levels, CTHRC1 RNA sequence data from the tumors with their adjacent
normal tissues in TCGA database were compared (Figure 1B). We discovered significantly high expression of CTHRC1
in many tumor types, including bladder urothelial carcinoma, BRCA (breast invasive carcinoma), CHOL (cholangio-
carcinoma), COAD (colon adenocarcinoma), ECSA (Esophageal carcinoma), HNSC (head and neck cancer), KIRC
(kidney renal clear cell carcinoma), KIRP (Kidney renal papillary cell carcinoma), LIHC (liver hepatocellular carci-
noma), LUAD (lung adenocarcinoma), LUSC (Lung squamous cell carcinoma), PRAD (prostate adenocarcinoma),
READ (rectum adenocarcinoma), STAD (stomach adenocarcinoma), STAD (Stomach adenocarcinoma), THCA (thyroid
carcinoma), and uterine corpus endometrial carcinoma.
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Figure I CTHRCI expression status in various cancers. (A and B) CTHRCI expression levels were assessed using the Oncomine (A), and TCGA databases (B). (C) The
difference in CTHRCI expression between breast cancer and normal tissues (n=12). (*P < 0.05, **P < 0.0, **P < 0.001).

Moreover, we collected 12 paired cancer tissues and adjacent breast tissues, and verified that CTHRC1 expression
was remarkably higher in cancer tissues than in adjacent nontumor tissues (Figure 1C).

Interestingly, multiple breast cancer types showed increased CTHRC1 expression (P < 1x10™%), including invasive lobular
breast carcinoma (P = 8.47E—15) (Figure 2A), invasive ductal breast carcinoma (P = 1.33E-20) (Figure 2B), mixed lobular
and ductal breast carcinoma (P = 5.06E—4) (Figure 2C), and invasive breast carcinoma (P = 2.68E—26) (Figure 2D).
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Figure 2 CTHRCI expression status in different types of breast cancer. (A) Invasive lobular breast carcinoma, (B) invasive ductal breast carcinoma, (C) mixed lobular and
ductal breast carcinoma, (D) invasive breast carcinoma.
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Methylation State, Mutation, and Copy Number Variation of CTHRCI in Breast

Cancer

In order to explore the regulatory mechanisms of AGR2 expression, CTHRC1 methylation states, mutations, and copy number
variations were analyzed. We first found that DNA methylation of the promoter CTHRC1 was correlated with gene expression
across PAMS50 breast cancer subtypes (Figure 3A). Compared with normal tissues, methylation levels of CTHRCI1 were
significantly decreased in tumor tissues (P < 2.22E—16) (Figure 3B). Moreover, the mutant types are shown in Figure 4A,
revealing that missense substitutions dominated (12.50%). Each C>G, G>A, and T>G mutation accounted for 33% of the
CTHRCI1 coding strand (Figure 4B). Finally, the amplified copy number of CTHRCI (the alteration frequency of CTHRC1
was more than 7%) was observed in a variety of breast cancer cohorts, including Breast (METABRIC), Breast Invasive
Carcinoma (TCGA; 2015 and Firehose Legacy), Metastatic Breast Cancer (INSERM), The metastatic Breast Cancer Project
(Provisional), and Breast Invasive Carcinoma (TCGA; PanCaner Atlas and 2012). Together, these results suggest that DNA
methylation and gene copy number variation were the potential mechanism for regulating the CTHRCI expression.

CTHRCI Alterations and Clinicopathological Parameters in Breast Cancer Patients

Based on different clinicopathological indicators, the expression patterns of CTHRC1 were evaluated across PAMS50 breast
cancer subtypes. As shown in Figure 5, tumor patients with age < 51 years had significantly high expression of CTHRC1 (P =
0.0481). CTHRCI1 expression was also remarkably increased in the human epidermal growth factor receptor 2 (HER 2) (+)
group (P <0.0001). However, there was no significant differences between the statuses of estrogen receptors (ER) (+) and ER
(-), the statuses of progesterone receptors (PR) (+) and PR (-), the statuses of non-TNBC and TNBC, and the statuses of non-
basal-like and basal-like. It is worth notice that high CTHRC1 expression displayed in P53-mutant patients (P = 0.0023). In
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Figure 3 Association between CTHRCI| methylation status and its expression in breast cancer. (A) CTHRCI expression heatmap and its DNA methylation status across
PAMS50 breast cancer subtypes. (B) Promoter methylation level of CTHRCI.
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Figure 4 CTHRCI mutations in breast cancer. (A and B) The percentage of CTHRCI mutations based on COSMIC database. (C) The alteration frequency of CTHRCI
mutations based on cBioPortal.

addition, the prognostic value of CTHRCI1 expression was assessed by the Kaplan-Meier plotter database and UALCAN
database, respectively. Patients with high CTHRCI1 expression exhibited the decreased distant metastasis-free survival
(DMEFS) (Figure 6A), relapse-free survival (RFS) (Figure 6B), and overall survival (OS) time (Figure 6C). These findings
indicate that CTHRCI1 could be a potential prognostic biomarker for patients with breast cancer.

CTHRCI Expression Related with Tumor Immune Cell Infiltration in Breast Cancers
Tumor immune cell infiltration plays an important role in modulating tumorigenesis, development, and cancer’s response
to immunotherapy. Thus, we studied whether CTHRC1 expression was associated with tumor immune cell infiltration in
breast cancer. The results showed that macrophage infiltration levels were significantly associated with CTHRCI
expression levels (Figure 7) (Partial.cor = 0.480, 0.386, 0.683, and 0.522 showed in BRCA, BRCA-Basal, BRCA-
Her2, and BRCA-Luminal, respectively), which suggests that CTHRC1 might play an important role in inducing
macrophage infiltration in breast cancer.

CHTCRI Expression Associated with Immune Marker Sets

To further investigate the association between CTHRC1 expression and macrophage infiltration, the relationship between
CTHRCI expression and immune marker sets of immune cells (Monocyte, tumor-associated macrophage (TAM), M1
macrophage, and M2 macrophage) was assessed using the TIMER and GEPIA databases. The results revealed that
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Figure 6 Prognostic signatures of CTHRCI for breast cancer patients. (A) DMFS, (B) RFS, (C) OS.

CTHRCI1 expression levels were significantly correlated with most of the tested immune marker sets in breast cancer,
including CSF1R and CD86 of monocyte, CD68 and IL10 of TAMs, and CD163 and MS4A4A of the M2 phenotype
(P < 0.001; Figure 8).

Functional Enrichment Analysis of the Genes Co-Expressed with CTHRCI

The 100 genes were identified as co-expressed genes with CTHRCI1 by using cBioPortal for Cancer Genomics in
breast cancer with |[Spearman’s 1| > 0.642. The GO analysis results showed that in biological processes (BP) these
genes were mainly enriched in extracellular matrix organization, extracellular structure organization, and ossification;
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Figure 7 Association with CTHRCI expression and immune cell infiltration in breast cancer.

in cellular components (CC) these genes were mainly enriched in collagen-containing extracellular matrix, endoplas-
mic reticulum lumen, and collagen trimer; in molecular functions (MF) these genes were mainly enriched in
extracellular matrix structural constituent, glycosaminoglycan binding, and collagen binding (Figure 9A). The path-
way analysis using the KEGG pathway database showed these genes were mainly enriched in protein digestion and
absorption, human papillomavirus infection, ECM-receptor interaction, focal adhesion, and PI3K-Akt signaling path-
way (Figure 9B).
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Figure 8 Correlation of CTHRCI expression with macrophage polarization in breast cancer. Marker genes of monocytes (CD86 and CSFIR), TAMs (tumor-associated
macrophages) (CD68 and IL10), M| macrophages (IRF5 and PTGS2), M2 macrophages (CD 163 and MS4A4A).
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Discussion

CTHRCI is a secretory glycoprotein that was discovered while differentially expressed genes were screened after severe
arterial injury in rats.®” Subsequently, researchers reported that CTHRC]1 is abnormally expressed in various tumor types,
including breast cancer, and it is associated with tumor invasion and metastasis.'**’>° Furthermore, CTHRC]1 plays
important roles in promoting M2-like macrophage recruitment, and invasion in endometrial carcinoma.'® Although the
correlation between CTHRCI1 expression and prognosis has been identified in the invasive ductal carcinoma of the
breast,14 the role of CTHRCI1 in breast cancer remains unclear.

In this study, CTHRCI expression levels were evaluated using independent datasets from Oncomine, and 33 types of
cancers with TCGA data in GEPIA. We found that CTHRC1 was highly expressed in various cancers. The high
expression was confirmed by detecting the relative RNA expression of CTHRCI in paired breast cancer and nontumor
samples. The CTHRCI1 transcriptional levels were obviously upregulated in invasive breast carcinoma, invasive lobular
breast carcinoma, invasive ductal and mixed lobular, and ductal breast cancer. In addition, the overexpression of
CTHRCI1 was associated with increasing age and HER2 (+). These results suggest that high CTHRC1 expression
might play a significant role in the development of breast cancer. The results of the survival analysis further revealed that
the high CTHRC1 expression levels were related with bad prognosis, which was consistent with previous studies.'* Such
poor prognosis have also been found in colorectal cancer and renal cell carcinomas.?'** Thus, CTHRC1 could be used as
a prognostic biomarker for breast cancer.

The infiltration of immune cells in tumors is closely related to the clinical results of tumor patients.” Tumor-
associated macrophages (TAMs) promote cell proliferation and invasion, which is associated with the poor prognosis
of patients, including breast cancer.>*** Thus, we analyzed the relationship between CTHRC1 expression and immuno-
cyte infiltration. After cell purity correction, the macrophage infiltration was correlated with CTHRC1 expression and its
subtypes (BRCA-Basal, BRCA-Her2, and BRCA-Luminal). The evaluation of CTHRCI1 expression correlation with
macrophage marker genes showed that CD68 and IL10 of TAM were positively associated with CTHRC1 expression.
The results further supported that CTHRC1 was related with macrophage infiltration in breast cancer. Thus, high
expression of CTHRCI could play an important role in modulating macrophage infiltration, resulting in a poor prognosis.

Previous studies have shown that the recruitment of macrophages and M2 macrophage polarization correlate with
a poor prognosis in breast cancer patients.”” TAMs inhibit the infiltration and function of anti-tumor CD8" T cells (CTL),
stimulate angiogenesis in the tumor, and promote the proliferation, and metastasis of tumor cells.**?° M0 macrophages
display strong plasticity and can change their phenotype based on environmental signals.?”-*® Macrophage populations
within tumors can be divided into M1 and M2 macrophages according to functional scales.’>~° M1-like macrophages are
called classic activated macrophages, which show anti-tumor abilities by releasing pro-inflammatory cytokines (such as
TNF and interleukin IL-2), active nitrogen, and oxygen intermediates.>>*7 In contrast, M2-like macrophages, also known
as alternative activated macrophages, promote tumor proliferation, and metastasis by producing tumor cytokines.>® *
CTHRCI expression correlation with macrophage marker genes showed that CD86 and CSFIR of monocytes, CD68 and
IL10 of TMAs, CD163 and MS4A4A genes of M2 macrophages were positively associated with CTHRCI1 expression,
respectively. Significantly, PTGS2 and IRF5 of the M1 macrophages were not correlated with CTHRC1 expression.
These results revealed that high CTHRC1 expression might lead to poor prognosis by promoting the polarization role of
the recruited macrophages to M2 macrophages.

Gene mutation plays an essential role in the onset and progression of cancer. Breast cancer had a missense mutation in
CTHRCI1 and a low frequency of CTHRCI1 changes. In addition, CTHRC1 expression showed a strong association with
DNA methylation status and copy number variations. DNA methylation is the main form of epigenetics, which acts as
a transcriptional repressor regulating gene expression and playing an important role in tumorigenesis and development.
Previous studies reported that CTHRC1 was downregulated by hypermethylation in hepatocellular carcinoma and renal
carcinoma, but up-regulated by promoter demethylation in gastric cancer.'’?”** DNA copy number variations refer to the
deletion, insertion, duplication, and complex multi locus variations (from 1000 bp to millions of bp). This variation causes
the activation of oncogenes and the inactivation of tumor suppressor genes, which eventually leads to tumorigenesis. Thus,
DNA hymomethylation and copy number variation could be important causes of CTHRC]1 upregulation in breast cancer.

5710  rees International Journal of General Medicine 2022:15
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

Although recent researches have reported that CTHRC1 upregulation in breast cancer promoting cell proliferation,
invasion and migration could be through activating GSK-3p/B-catenin signaling,*' the exact mechanisms of CTHRCI
involvement in breast cancer remains unclear. Therefore, high expression of CTHRC1 might promoting the polarization
role of recruited macrophages to M2 macrophages, resulting in poor prognosis. The KEGG analysis of CTHRCI1
coexpressed genes showed that signaling pathway candidates were driven by CTHRCI, including protein digestion
and absorption, human papillomavirus infection, ECM-receptor interaction, focal adhesion, and PI3K-Akt signaling
pathways. CTHRC1 promotes macrophage recruitment in endometrial carcinoma by integrin-AKT signaling pathway.'?
Furthermore, several studies have revealed activating the PI3K/AKT signaling pathway induced M2 macrophage
polarization in a variety of tumors, including colorectal cancer, esophageal squamous cell carcinoma and gastric
cancer.***> Thus, CTHRC1 may induce macrophage recruitment and M2 macrophage polarization by regulating the
PI3K-Akt signaling pathway.

Conclusion

In summary, we found that CTHRCI expression was upregulated in breast cancer, and it was associated with increased
immune infiltration, the polarization of macrophages to M2, and poor prognosis. Protein digestion and absorption, human
papillomavirus infection, ECM-receptor interaction, focal adhesion, and PI3K-Akt signaling pathway were the potential
CTHRCI1-driven signaling pathways. Thus, this work could provide insights for understanding the role of CTHRCI in
influencing the prognosis of breast cancer patient’s tumor immunology, and the potential application of CTHRCI as an
immunotherapy biomarker.
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