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Abstract

Background: The situation faced by breast cancer patients, especially those with triple-negative breast cancer, is still
grave. More effective therapeutic targets are needed to optimize the clinical management of breast cancer. Although
collagen type Vlll alpha 1 chain (COL8AT1) has been shown to be downregulated in BRIP1-knockdown breast cancer
cells, its clinical role in breast cancer remains unknown.

Methods: Gene microarrays and mRNA sequencing data were downloaded and integrated into larger matrices
based on various platforms. Therefore, this is a multi-centered study, which contains 5048 breast cancer patients and
1161 controls. COL8AT mRNA expression in breast cancer was compared between molecular subtypes. In-house
immunohistochemistry staining was used to evaluate the protein expression of COL8AT in breast cancer. A diagnostic
test was performed to assess its clinical value. Furthermore, based on differentially expressed genes (DEGs) and co-
expressed genes (CEGs) positively related to COL8AT, functional enrichment analyses were performed to explore the
biological function and potential molecular mechanisms of COL8A1 underlying breast cancer.

Results: COL8A1 expression was higher in breast cancer patients than in control samples (standardized mean differ-
ence=0.79; 95% confidence interval [Cl] 0.55-1.03). Elevated expression was detected in various molecular subtypes
of breast cancer. An area under a summary receiver operating characteristic curve of 0.80 (95% Cl 0.76-0.83) with
sensitivity of 0.77 (95% Cl 0.69-0.83) and specificity of 0.70 (95% Cl 0.61-0.78) showed moderate capacity of COL8A1
in distinguishing breast cancer patients from control samples. Worse overall survival was found in the higher than

in the lower COL8A1 expression groups. Intersected DEGs and CEGs positively related to COL8A1 were significantly
clustered in the proteoglycans in cancer and ECM-receptor interaction pathways.

Conclusions: Elevated COL8AT may promote the migration of breast cancer by mediating the ECM-receptor interac-
tion and synergistically interplaying with DEGs and its positively related CEGs independently of molecular subtypes.
Several genes clustered in the proteoglycans in cancer pathway are potential targets for developing effective agents
for triple-negative breast cancer.
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deaths in women [1]. Owing to higher distal meta-
static and recurrent rates, triple-negative breast cancer
(TNBC) patients exhibit worse overall and disease-free
survival than any other type of breast cancer [2—4]. Etiol-
ogy investigations suggest that hereditary factors account
for nearly one-tenth of breast cancer cases. Other risk
factors, such as early or delayed menstruation, nul-
liparity, hormone replacement therapy, and alcohol con-
sumption, also contribute to the prevalence of breast
cancer [5]. Clinical practice guidelines recommend that
females aged 40-49 or 70-74, who are at higher risk,
screen for breast cancer [6]. Imaging examinations (such
as bilateral breast X-ray imaging, positron emission
tomography—computed tomography, and ultrasound),
histological findings, and especially molecular pathol-
ogy are the predominant methods of breast cancer diag-
nosis and assessment [7, 8]. Based on the tumor burden,
optimal treatments, namely breast-conserving surgery,
radiotherapy, chemotherapy, and endocrine therapy, are
individually designed for breast cancer patients [6]. For
TNBC patients, anthracyclines and taxanes are preferred
in the initial treatment, and neoadjuvant therapy has
been recognized as a standard strategy [9-12]. Unfortu-
nately, neither endocrine therapy nor trastuzumab treat-
ment is effective for TNBC. Targeted drugs (for example,
vascular endothelial growth factor [VEGF] antibodies,
epidermal growth factor receptor [EGFR] inhibitors,
and mammalian target of rapamycin [mTOR] inhibi-
tors) are gradually being employed in TNBC treatment,
even though their therapeutic effects are unsatisfactory
[13-16]. Therefore, the situation faced by breast cancer—
especially TNBC—patients is still grave. More effective
therapeutic targets are needed to optimize the clinical
management of breast cancer.

Molecular events occurring in breast cancer help us
better understand the onset and progression of breast
cancer. It is generally agreed that chromosome 1q
amplification, chromosome 16q deletion, and PIK3CA
mutations are the most common pathways leading
to luminal breast cancer [17, 18]. Moreover, breast
cancer gene 1 (BRCAI) and P53 mutations, EGFR
upregulation, and cytokeratin 19 downregulation have
been associated with TNBC [19, 20]. It has also been
reported that circSEPT9 promotes tumor formation
and TNBC progression [21]. Recently, ANp63 has been
found to participate in breast cancer metastasis and
dissemination [22]. On the other hand, several genes
protect patients from breast cancer progression. For
example, ZNF750, miR-574-5p, and circKDM4C can
inhibit breast cancer progression by mediating the epi-
genetic regulation of pro-metastatic genes, indirectly
suppressing SKIL/TAZ/CTGF and miR-548p/PBLD
axis regulation [23-25]. Based on these discovered
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molecular mechanisms, some progress has been made
in breast cancer treatment. Delivering dual microRNA
using CD44-targeted mesoporous silica nanoparti-
cles proved to be effective in TNBC treatment [26].
Although many studies provided in vitro and in vivo a
detailed molecular picture of TNBC cancers [27-29],
the underlying cause of breast cancer has not been fully
understood. Further research is required to elucidate
the breast cancer mechanisms and discover effective
therapeutic targets for TNBC.

Collagen type VIII alpha 1 chain (COLBA1), also
named C3orf7, is located at chromosome 3 and encodes
alpha 1 chain in collagen type VIII, which is an essential
component of extracellular matrix (ECM) [30]. Previous
studies mainly addressed the relevance between COL8A1
and age-related macular degeneration (ADM), as well
as cell proliferation [31-33]. Recently, limited stud-
ies demonstrate the de-regulation of COL8A1 in vari-
ous cancers. Elevated COL8A1 expression was found in
gastric cancer patients and higher COL8A1 correlated
with advanced tumor stages and worse overall survival
condition; and COL8A1 was selected as a candidate
diagnostic biomarker in gastric cancer [34—36]. Addi-
tionally, upregulation of COL8A1 was also reported in
adamantinomatous craniopharyngioma [37]. Further-
more, COL8A1 proved to participate in the progression
of colon adenocarcinoma possibly by mediating focal
adhesion-related pathways [38]. COL8A1 upregulation
induced by TGF-B1 was found in renal cell carcinoma
carcinogenesis and also correlated with poor progno-
sis [39]. Moreover, elevated COL8A1 in hepatocellular
carcinoma promoted tumor cells proliferation, invasion,
and in vivo tumorigenicity [40]. Thus far, only few studies
mentioned COL8A1 in breast cancer. COL8A1 was one
of the key genes restored by epigallocatechin-3-gallate
in a murine breast cancer model [41]. COL8A1 proved
downregulated in both BRIP1-knockdown breast can-
cer cells and MCF10A CDH1-/- non-cancer breast cells
[42, 43]. However, the role of COL8A1 in breast cancer
remains unknown.

Considering this knowledge gap, our study aimed to
explore the role of COL8ALI in breast cancer. We were
focused on investigating the expression of COL8A1 mes-
senger RNA (mRNA) in various molecular subtypes of
breast cancer by analyzing gene microarray and RNA
sequencing data sets. The COL8A1 protein expression
level was validated by immunohistochemistry staining.
We also aimed to determine prognostic value of COL8A1
in breast cancer to pave the way for future clinical appli-
cations. Moreover, we explored the molecular mecha-
nisms of COL8A1 underlying breast cancer to improve
our knowledge of breast cancer carcinogenesis and
progression.
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Methods

Expression of COL8A1 mRNA in breast cancer

We integrated gene microarrays and mRNA sequencing
data downloaded from Gene Expression Omnibus, The
Cancer Genome Atlas (TCGA), the Genotype-Tissue
Expression, the Sequence Read Archive, ArrayExpress,
and Oncomine. The search formula, based on MESH
terms, was as follows: ((Breast OR mammary) AND
(neoplasm OR cancer OR adenoma OR carcinoma OR
tumor OR BRCA OR neoplasia OR malignant OR malig-
nancy)). Studies were screened according to the fol-
lowing criteria: (i) the studied species should be Homo
sapiens; (ii) the studied specimens should be tissue dis-
sected from patients or healthy individuals rather than
cell lines. In the case of duplicated studies or samples,
the most recent version was retained. The exclusion cri-
teria were as follows: (i) expression profiles not including
COLS8A1; (ii) breast cancer patients receiving hormone
therapy or chemotherapy; (iii) stromal rather than epi-
thelial tumors; and (iv) metastatic rather than primary
tumors. The included data sets were carefully checked
and a log2 transformation was performed if any matrices
had not been normalized. Additionally, the data sets were
integrated into larger matrices according to various plat-
forms, and batch effects between studies were removed
using the limma-voom package in R v3.6.1. Subsequently,
COLS8AL1 expression values were extracted and grouped
according to specimen types. Standardized mean differ-
ence (SMD) were calculated to compare the expression of
COL8A1 mRNA between breast cancer patients and con-
trol samples using STATA v12.0. Heterogeneity between
the included studies was assessed with the I* statis-
tic. Statistical significance was set to an I? value greater
than 50% with a P-value less than 0.05. A random effects
model was used in the case of significant heterogeneity.
Sensitivity analysis was performed to probe the potential
source of heterogeneity, and a publication bias test was
used to evaluate the stability of the SMD results. Sub-
group analysis was performed to compare the COL8A1
expression levels between molecular subtypes (luminal
A, luminal B, human epidermal growth factor receptor
2-positive [HER-2 +], and TNBC).

Diagnostic value of COL8AT1 in breast cancer

A diagnostic test was performed to assess the clinical
significance of COL8A1 in breast cancer. Based on the
expression value of COL8AL, a receiver operating char-
acteristic (ROC) curve was plotted to compute the area
under the curve (AUC) using IBM SPSS Statistics v19.0.
AUC values of less than 0.7, between 0.7 and 0.9, and
greater than 0.9 represented weak, moderate, and strong
discriminatory capability of COL8AIL, respectively,
between breast cancer patients and control samples. The
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true positives, false positives, true negatives, and false
negatives rates were calculated, and the cutoff values
were identified. A summary receiver operating charac-
teristic (sSROC) curve was drawn using STATA v12.0 to
assess the general discriminatory capability of COL8A1
between breast cancer patients and control samples. The
significance of the area under the SROC curve was con-
sistent with that of the ROC curve. The diagnostic odds
ratio (DOR), sensitivity, specificity, positive diagnostic
likelihood ratio (DLR P), and negative diagnostic like-
lihood ratio (DLR N) were also calculated to precisely
determine the accuracy and validity of COL8A1 in dis-
tinguishing breast cancer patients from control samples.

Prognostic value of COL8A1 in breast cancer

To explore the relation between COL8A1 mRNA expres-
sion and prognosis of breast cancer patients, informa-
tion on clinicopathological parameters was collected.
The independent samples t-test or one-way analysis of
variance was used to identify statistically significant dif-
ferences in COL8A1 expression between two or more
groups. A P-value of<0.05 was considered statistically
significant. Kaplan—Meier curves were used to compare
high and low COL8A1 expression groups in terms of sur-
vival. The log-rank test was used to determine whether
the prognostic difference was statistically significant.

Investigation of COL8A1 protein expression in breast
cancer by immunohistochemistry staining

A total of 115 non-specific invasive breast carcinoma and
65 normal breast tissue specimens were obtained from
the First Affiliated Hospital of Guangxi Medical Uni-
versity, PR.CHINA. All patients had previously signed
informed consent forms, and our research was approved
by the Ethics Committee of the First Affiliated Hospital
of Guangxi Medical University. The breast cancer and
normal breast tissue specimens were fixed with forma-
lin. The two steps immunohistochemistry method was
used to determine the protein expression of COL8AL.
The primary antibody was polyclonal Antibody to
COLB8A1 (concentrated 1:150 dilution) purchased from
Wuhan Pujian CO.LTD. Supervision TM Mouse/Rabbit-
HRP Broad Spectrum Detection System (Product No.
D-3004-15) was purchased from Shanghai Long Island.
The experimental procedure conformed to the manu-
facturer’s instructions. The patients’ clinicopathological
information was analyzed to determine the relationship
between COL8A1 protein expression and prognosis.

Evaluation of genetic alteration and mutation landscapes

The cBioPortal for Cancer Genomics (http://cbioportal
.org) proved to be a powerful tool and facilitated our
online search and cancer genomics data analysis. Using
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cBioPortal, we gained insight into the genetic alterations
of COL8A1 in breast cancer patients and obtained infor-
mation on the association between COL8A1 alterations
and breast cancer patient survival. We selected the Breast
Invasive Carcinoma (TCGA, Firehose Legacy) cohort,
which contains 1,108 patients, and used a method of
mRNA expression z-scores relative to diploid samples
(RNASeqV2 RSEM). We also considered the mutation
types of COL8A1 in breast cancer patients using the
Catalogue of Somatic Mutations in Cancer (COSMIC),
which has been recognized as the most detailed resource
for somatic mutations in cancer.

Identification of differentially expressed genes

and COL8A1 co-expressed genes in breast cancer

To gain insight into the role of COL8A1 in breast can-
cer, we identified DEGs and COL8A1 CEGs using the
limma-voom package. The DEG criteria were as follows:
(i)|log2FoldChange |>1 and (ii) adjusted P-value<0.05.
The CEG criteria were as follows: (i)|relation coefficient
|>0.3 and (ii) P-value<0.05. Upregulated DEGs and
CEGs positively related to COL8A1 were intersected.
Similarly, downregulated DEGs and CEGs negatively
related to COL8A1 were intersected.

Molecular mechanisms of COL8A1 underlying breast
cancer

Overlapping genes were used to perform function
enrichment to shed light on the potential mechanisms
of COL8AL1 underlying breast cancer. The R clusterPro-
filer package was used to conduct Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG),
Disease Ontology (DO), and Reactome pathway analyses.
Protein-to-protein interaction (PPI) network was con-
structed using STRING (https://string-db.org) to inves-
tigate protein interactions. Hub genes and functional
modules were identified using Cytoscape v3.6.1. Based
on 1,020 breast cancer patients, the mutation landscapes
of genes clustered in essential pathways were visualized
using the TCGAmutations package in R v3.6.1.

Results

Upregulation of COL8A1 mRNA in breast cancer
Additional file 1: Figure S1 shows the flow diagram of
the study inclusion process. A total of 53 studies were
included and integrated into 20 larger platform matrices
covering 5048 breast cancer patients and 1161 controls
(Table 1). COL8A1 was generally upregulated in breast
cancer compared to normal breast tissue. Thirteen of the
twenty platforms showed much higher COL8A1 expres-
sion in breast cancer patients than in control samples
(Additional file 2: Figure S2). Because of significant het-
erogeneity (?=89%, P=0.000), a random effects model
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was used. An SMD value of 0.79 (95% confidence inter-
val [CI]: 0.55-1.03) showed that COL8A1 expression was
significantly higher in breast cancer than in non-breast
cancer tissue (Fig. 1). Sensitivity analysis indicated that
the included studies could not explain the source of het-
erogeneity (Additional file 3: Figure S3a). No publication
bias existed (Additional file 3: Figure S3b). Subsequently,
we compared COL8A1 expression levels between differ-
ent subtypes of breast cancer. COL8A1 expression was
universally higher in luminal A, luminal B, HER-2+, and
TNBC patients than in control samples (Additional file 4:
Figure S4, Additional file 5: Figure S5, and Additional
file 6: Figure S6a). Furthermore, three platforms showed
significantly higher COL8A1 expression in non-TNBC
than TNBC, while only one showed lower expression in
non-TNBC than TNBC (Additional file 6: Figure S6b).
However, an SMD of —0.06 (95% CI —0.24—0.12) showed
no difference in COL8A1 expression between TNBC
and non-TNBC patients (Additional file 7: Figure S7).
Subgroup analysis of four molecular subtypes of breast
cancer showed no significant differences in COL8A1
expression levels between them (Fig. 2).

Diagnostic and prognostic value of COL8AT mRNA

in breast cancer

The clinical value of COL8A1 in breast cancer was found
to be promising. Among the thirteen platforms show-
ing high COL8A1 expression, twelve platforms indicated
the ability of COL8A1L in differentiating breast can-
cer patients and control samples, where four platforms
showed strong discriminatory capability of COL8A1
between breast cancer patients and control samples
(Additional file 8: Figure S8). An area under the sROC
curve of 0.80 (95% CI 0.76-0.83) with sensitivity of
0.77 (95% CI 0.69-0.83) and specificity of 0.70 (95% CI
0.61-0.78) displayed moderate capacity in distinguishing
breast cancer patients from control samples (Fig. 3a). A
DOR of 6.38 (95% CI 4.52-9.02) also highlighted the dis-
criminatory ability of COL8AL1 in breast cancer (Fig. 3b).
The DLR P and DLR N were 2.56 (95% CI 1.96-3.33) and
0.33 (95% CI 0.25-0.44), respectively (Additional file 9:
Figure S9). As shown in Additional file 10: Figure S10 and
Additional file 11: Table S1, elevated COL8A1 expression
correlated with race (white >black), molecular subtypes
of breast cancer (luminal B>luminal A>TNBC), ER,
PR, and HER-2 status. Moreover, Kaplan—Meier curves
indicated worse overall survival in high compared to low
COLB8AL expression groups (Fig. 4).

Expression levels and clinical significance of COL8A1
protein in breast cancer

Clinical data of breast cancer samples used to per-
form immunohistochemistry was summarized in
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Study ID SMD (95% Cl) Weight %
GPL1390 -’—0-;— 0.49 (-0.08,1.06) 4.96
GPL13607 - i 0.05(-0.16,0.25) 6.56
GPL14550 —— 1.04 (0.52,1.55) 5.19
GPL17586 —- 0.57(0.28,0.87) 6.23
GPL5175 — -0.17 (-0.64, 0.30) 542
GPL96 - -0.04 (-0.32,0.24) 6.29
GSE103512 —i—*— 1.10(041,1.79) 4.36
GSE10797 T 0.64 (-0.33,1.60) 3.23
GSE92252 . * 1.62(-0.00,3.25) 1.63
GSE29174 | —— 1.80(1.10,2.50) 4.31
GSES50428 —:r-*— 1.05(0.05,2.04) 3.12
GPL570 I-O- 0.94 (0.82,1.05) 6.78
GPL887 - | 0.20(-0.15,0.56) 5.98
GPL6244 - 0.78 (0.54,1.02) 644
GPL8269 —— 0.97 (0.63,1.31) 6.03
GPL8264 ——4:-— 0.72(-0.18,1.61) 349
GPL8274 — 0.90(0.28,1.51) 4.73
GPL6848 : ——> 258(1.40,3.77) 254
GPL6480 | == 1.36(1.02,1.71)  6.00
TCGA-GTEX | = 117 (1.01,1.33) 6.69
Overall (l-squared =89.0%, p = 0.000) Q 0.79 (0.55, 1.03) 100.00
NOTE: Weights are from random effects analysis i
| | I
-3.77 0 3.77
Fig. 1 General expression status of COL8AT in breast cancer (BRCA) compared to non-BRCA tissues. A standardized mean difference (SMD)
value >0 and 95%CI with no overlap of zero indicated COL8A1 was significantly upregulated in BRCA compared to non-BRCA tissues

Additional file 12: Table S2. Protein expression con-
firmed the upregulation of COL8A1 in breast can-
cer. The breast cancer patients whose specimens were
analyzed in this study were aged between 29 and 72
(mean=47.3), and their follow-up durations ranged
from 116 to 2163 days. Immunohistochemistry stain-
ing showed varying coloration intensity of COL8ALI in
breast cancer and normal breast tissue. COL8A1 was
negatively, weakly, moderately, or strongly stained in
normal breast epithelium (Fig. 5a—d) and breast cancer
tissue (Fig. 5e—h). According to the staining intensity
and color range percentages, 45.2% of breast cancer tis-
sue specimens exhibited low and 54.8% exhibited high
COLB8A1 expression, whereas 67.7% of normal breast
tissue specimens exhibited low and 32.3% exhibited
high COL8A1 expression. A Chi square test confirmed
the significantly higher expression of COL8A1 in breast
cancer than normal breast tissue (y’=8.428, P=0.004).
Moreover, elevated COL8A1 expression correlated with
estrogen-negative (ER-) breast cancer (P=0.018).

Genetic alterations and mutation kinds of COL8A1

in breast cancer

Alterations and mutations of COL8A1 in breast cancer
were relatively frequent. Based on cBioPortal, COL8A1
was altered in 7% of 1108 breast cancer patients (Addi-
tional file 13: Figure S11). Amplification and high and low
mRNA were the main alterations. No statistically signifi-
cant difference in overall and disease-free survival was
found between high and low COL8A1 expression breast
cancer groups (P>0.05). Furthermore, according to COS-
MIC, substitution missense mutations were the most fre-
quent types (Additional file 14: Table S3).

DEGs and COL8A1 CEGs in breast cancer

A total of 20 platform matrices were collected to
determine the DEGs. The approach has been afore-
mentioned. Initially, 3556 upregulated DEGs, 4114
downregulated DEGs, 14,467 CEGs positively related
to COL8A1, and 2660 CEGs negatively related to
COLB8A1 were identified. Additional file 15: Figure S12
shows partial DEGs and CEGs. After being intersected,
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Study ID SMD (95% Cl) Weight %
Luminal A !
GPL1390 T 0.43 (-0.17, 1.04) 243
GPL13607 — 0.55 (0.18, 0.93) 3.1
GSE29174 e 2.32 (1.13,3.51) 1.22
GSE50428 -—:-0— 1.27 (-0.12, 2.65) 0.98
GPL570 | > 1.57 (1.38,1.77) 3.57
GPL887 —_— 0.20 (-0.43, 0.82) 2.39
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NOTE: Weights are 1I'rom random effects analysis : I
-5 0 5
Fig. 2 Subgroup analysis based on the subtypes of breast cancer. The result indicated that the elevated COL8A1 expression shared no significant
difference among Luminal A, Luminal B, HER-2 4, and Three Negative Breast Cancer (TNBC) subgroups

the DEGs and CEGs were divided into two gene sets:
1779 overlapping upregulated DEGs and CEGs posi-
tively related to COL8A1 (all genes appeared in no
fewer than three data sets) and 322 overlapping
downregulated DEGs and CEGs negatively related to
COLB8AL.

Potential mechanisms of COL8A1 underlying breast cancer
The GO, KEGG, DO, and Reactome pathway analyses
based on the intersected genes are shown in Additional
file 16: Table S4. Regarding the 1779 overlapping upregu-
lated DEGs and CEGs positively related to COL8A1, the
following KEGG pathways were significantly aggregated
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Fig. 3 Diagnostic value of COL8AT1 in breast cancer (BRCA). a Summary receiver operating characteristic (sSROC) curve. b Forest plot of diagnostic
odd ratio (DOR). An AUC value >0.70 and a DOR> 1 signified COL8AT possessed moderate capability in distinguishing BRCA from non-BRCA

patients. AUC, area under the curve
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(See figure on next page.)

Fig. 5 Protein expression levels of COL8AT in breast cancer (BRCA) and normal breast tissues. a-d normal breast tissues; e-h BRCA tissues
(Magnification x 200). COL8AT was negatively stained in normal breast epithelium (a) and BRCA (e). COL8AT was weakly stained in normal breast
epithelium (b) and BRCA (f). COL8AT was moderately stained in normal breast epithelium (c) and BRCA (g). COL8AT was strongly stained in normal
breast epithelium (d) and BRCA (h). According to staining intensity and percentage of color range, 45.2% BRCA tissues exhibited low COL8A1
expression and 54.8% BRCA tissues exhibited high COL8A1 expression. While 67.7% normal breast tissues exhibited low COL8A1 expression and

32.3% normal breast tissues exhibited high COL8A1 expression

(Fig. 6a): proteoglycans in cancer (Additional file 17: Fig-
ure S13), ECM-receptor interaction (Additional file 18:
Figure S14), and several cancer pathways (such as thy-
roid cancer, colorectal cancer, and hepatocellular car-
cinoma). Interestingly, 14 genes (WNT2, GADDA45B,
FZD2, CDKNI1A, KRAS, LEF1, WNT7B, BAK1, BRCA2,
CDK4, GRB2, HRAS, PIK3R3, and POLK) were associ-
ated with the breast cancer pathway (ID: hsa05224), even
though is not in the top 30 KEGG pathways. Moreover,
DO analysis indicated that these genes are closely associ-
ated with myeloma and bone marrow cancer (Fig. 6b), as
well as renal cell carcinoma, ovarian cancer, renal carci-
noma, and other types of cancer. Furthermore, Reactome
pathway analysis revealed extracellular matrix organiza-
tion, ECM proteoglycans, integrin cell surface interac-
tions, and degradation of the extracellular matrix as the
top four metabolic pathways (Fig. 6¢). Regarding GO
enrichment, extracellular matrix organization, extracel-
lular matrix, and extracellular matrix structural con-
stituent were the most clustered Biological Process (BP),
Cellular Component (CC), and Molecular Function (MF)
terms, respectively (Fig. 7a). The proteoglycans in cancer
and ECM-receptor interaction pathways were selected to
construct PPI networks (Fig. 7b, ¢). FN1 and ITGB1 were
identified as the hub genes in the two networks, respec-
tively. The mutation landscapes of the genes in these
two important pathways are shown in Fig. 8. In particu-
lar, FN1 was altered in 14 of 1020 breast cancer samples,
where missense mutations accounted for 64%. The regu-
latory networks of COL8A1 and enriched genes in the
proteoglycans in cancer and ECM-receptor interaction
pathways, as well as the top two functional modules, are
displayed in Additional file 19: Figure S15. On the other
hand, the enrichment results regarding the 322 overlap-
ping CEGs negatively related to COL8A1 and downregu-
lated DEGs showed no statistical significance; these data
are therefore not shown (Additional file 16: Table S5).

Discussion

The highlight of this study is that it comprehensively
explored the upregulation of COL8A1 mRNA in breast
cancer from multiple aspects based on 5048 breast
cancer patients and 1161 controls. Our study is multi-
centered because we collected breast cancer patients
from Asia, American, Europe, and Oceania, covering

16 different countries. This is the first study to investi-
gate the protein expression of COL8A1 in breast cancer
using immunohistochemistry staining. Moreover, this
study is the first to assess the clinical prognostic value of
COLBAL in breast cancer. Furthermore, our study sheds
light on the biological function and potential molecular
mechanisms of COL8A1 underlying breast cancer.

This study demonstrates the upregulation of COL8A1
in breast cancer. We found higher COL8A1 expression
in breast cancer than normal breast tissue based on 20
large platform matrices integrated from 53 data sets.
Subgroup analysis based on four molecular subtypes of
breast cancer showed that elevated COL8A1 expression
is independent of subtypes. Further analysis also revealed
universally higher COL8A1 expression levels in lumi-
nal A, luminal B, HER-2+, and TNBC patients than in
control samples. A comparison of COL8A1 expression
between non-TNBC and TNBC patients showed no sta-
tistically significant difference. Immunohistochemistry
staining confirmed the upregulation of COL8A1 pro-
tein in breast cancer. We thus concluded that COL8A1
expression is higher in breast cancer patients than in
control samples and that upregulation is independent of
molecular subtypes of breast cancer. Though the expres-
sion of COL8AL in tissue cannot reflect the early diag-
nostic value in breast cancer, we assume that if COL8A1
is also differentially expressed in the bodily fluid of
patients, it will be possible to serve as a potential diag-
nostic marker for breast cancer. Nevertheless, no previ-
ous studies have demonstrated the expression level of
COLB8AL in the bodily fluid of breast cancer patients until
now.

We determined the clinical value of COL8A1 in breast
cancer for the first time. Our diagnostic test showed a
moderate discriminatory capability of COL8A1 between
breast cancer and normal breast tissue. Higher COL8A1
expression levels in breast cancer patients correlated
with worse survival outcomes. Additionally, COL8A1
expression was much higher in patients of the white than
of the black race. Our TCGA cohort analysis showed
lower COL8A1 upregulation levels in TNBC than in the
luminal A and B subtypes. Furthermore, high COL8A1
protein levels were related to ER- breast cancer. Thus,
COLBA1 might serve as a prognostic marker for breast
cancer.
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More importantly, our study provides important clues  several cancer pathways (such as thyroid cancer, colorec-
about the role of COL8AL in breast cancer for the first tal cancer, and hepatocellular carcinoma). Interestingly,
time. The intersected CEGs positively related to COL8A1  we noticed that 14 genes related to COL8A1 (WNT?2,
and upregulated DEGs were significantly aggregated in GADD45B, FZD2, CDKN1A, KRAS, LEF1, WNT7B,
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Altered in 91 (8.92%) of 1020 samples.
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BAK1, BRCA2, CDK4, GRB2, HRAS, PIK3R3, and
POLK) were associated with the breast cancer pathway
(ID: hsa05224), even though this pathway is not in the
top 30 KEGG signaling pathways. Eight of these genes
(except WNT2, GADD45B, FZD2, WNT7B, POLK, and
PIK3R3) have been extensively studied in breast cancer
[44—49]. Our DO analysis indicated that these genes are
closely associated with myeloma, bone marrow cancer,
renal cell carcinoma, ovarian cancer, and other cancer
types. Therefore, searching for KEGG pathways with DO
analysis, we established that COL8A1, DEGs, and posi-
tively related CEGs are associated with various cancers.
Our Reactome pathway analysis showed that extracel-
lular matrix organization, ECM proteoglycans, integrin
cell surface interactions, and degradation of the extracel-
lular matrix are the top four metabolic pathways. Extra-
cellular matrix organization, extracellular matrix, and
extracellular matrix structural constituent are the most
clustered BP, CC, and MF terms, respectively. Based on
these results, we selected the KEGG ECM-receptor inter-
action and proteoglycans in cancer pathways to construct
PPI networks. ITGB1 and FN1 were identified as the hub
genes, respectively. We studied the mutation landscapes
of enriched genes in the proteoglycans in cancer and
ECM-receptor interaction pathways. The results showed
that FN1 was altered in 14 of 1020 breast cancer sam-
ples, where missense mutations accounted for 64%. The
ECM is primarily composed of collagen, proteoglycans,

hyaluronan, chondroitin. It is associated with tissue
injury and repair, fibrosis, and tumors. Research has
shown that TGF-p affects the formation of the ECM
and is related to tumor cell growth and migration. For
example, collagen is increased in TGF-f signaling dele-
tion myeloid cells of mouse mammary tumor model [50].
TGE-PB1 has been reported to promote the expression of
COL8A1 and FN1, both of which are related to cell adhe-
sion and the ECM [39]. Moreover, metastatic outgrowth
is related to TGF-f signaling activation and FN1 upregu-
lation induced by TGF-f [51]. In this study, we confirmed
the role of FN1 as a hub gene. Furthermore, integrin plays
a role in transmitting information from the ECM to cells,
thus participating in cell cycle regulation and cell move-
ment [52-54]. Our study found that COL8A1 plays a role
in breast cancer. DEGs and CEGs positively related to
COLB8ALI are aggregated in the ECM-receptor interaction
and integrin cell surface interactions. Specifically, THBS
and OPN were found to be involved in cytoadhesin con-
struction in the ECM-receptor interaction pathway. As
an important component of the ECM, COL8AL1 itself
may interfere with signaling from the ECM to cells, affect
the formation of the ECM, and promote the migration of
breast cancer by synergistically interplaying with DEGs
and its positively related CEGs.

The proteoglycans in cancer pathway sheds light on
the special role of proteoglycans in carcinogenesis. Pro-
teoglycans are an important component of the ECM and



Peng et al. Cancer Cell Int (2020) 20:392

are associated with various cancers, such as liver, colon,
and lung cancer. [55-57]. This is because when proteo-
glycans change dramatically, the tumor microenviron-
ment facilitates cancer signaling and promotes tumor cell
proliferation, angiogenesis, and migration [55]. Based on
the proteoglycans in cancer pathway, we found that genes
positively related to COL8A1 participate in the VEGF
and mTOR signaling pathways, which have been identi-
fied as targets of TNBC treatments [58, 59]. For exam-
ple, PI3K has been found to promote AKT and PDK-1
and eventually activate elF4B and S6 translation, thus
inducing tumor cell proliferation and survival. The PI3K/
AKT/mTOR pathway has been suggested as a potential
target for cancer therapy [58, 59]. We found that RhoA
and PI3K are associated with ECM degradation enzyme
activation and cell growth, migration, and invasion in
breast cancer. Interestingly, PI3K has been confirmed as a
downstream target of insulin-like growth factor-1, which
promotes breast cancer cell migration [60]. Therefore,
COL8A1, DEGs, and positively related CEGs may be
potential targets for developing more effective agents for
TNBC.

Compared with other hundreds of markers already
investigated in breast cancer, COL8A1 possessed several
advantages. First, COL8A1 products belong to extracel-
lular matrix protein and serve as one of the nineteen
human collagens, which are important components of
the breast cancer stroma. It is possible that COL8A1
participates in the communication of breast cancer cells
and microenvironments [61]. Second, COL8A1 plays
important role in modulating migration, proliferation,
and adhesion of tumor cells [62]. Therefore, the biologi-
cal function of COL8A1 makes it distinctive from other
markers of breast cancer.

Certain limitations of this study should be taken into
consideration. First, the discriminatory capacity of
COLS8AL in breast cancer is moderate. Second, the prog-
nostic value of COL8ALI in breast cancer needs to be
confirmed by large-scale clinical practice. Third, the pre-
cise molecular mechanisms of COL8A1 in breast cancer
require further examination. Fourth, the expression levels
of COL8AL in the bodily fluid of breast cancer patients
need to be explored. In the future, our team may further
investigate the COL8A1 expression in the bodily fluid to
study its potential early diagnostic value. Finally, the roles
of COL8A1, DEGs, and positively related CEGs in TNBC
therapeutic strategies need to be confirmed by in vitro
and in vivo experiments.

Conclusion

This study shows that COL8A1 upregulation may pro-
mote the migration of breast cancer by mediating ECM-
receptor interaction and synergistically interplaying
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with DEGs and its positively related CEGs indepen-
dently of molecular subtypes. Several genes clustered in
the proteoglycans in cancer pathway are potential tar-
gets for developing effective agents for TNBC.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512935-020-01465-8.

Additional file 1: Figure S1. Flow chart of the enrolled data sets to assess
the expression of COL8AT1 in breast cancer.

Additional file 2: Figure S2. Comparison of COL8A1 expression levels
between Breast cancer (BRCA) and non-BRCA tissues.

Additional file 3: Figure S3. Heterogeneity detection based on the
enrolled data sets. a Sensitive analysis. The included studies were not
sources of heterogeneity. b Funnel plot. No significant publication bias
existed.

Additional file 4: Figure S4. Comparison of COL8A1 expression levels
between: a Luminal A subtype breast cancer and control normal or adja-
cent breast cancer tissues; b Luminal B subtype breast cancer and control
normal or adjacent breast cancer tissues.

Additional file 5: Figure S5. Comparison of COL8A1 expression levels
between HER-2 + subtype breast cancer and control tissues.

Additional file 6: Figure S6. Comparison of COL8AT expression levels
between Three Negative Breast cancer (TNBC) and non-TNBC tissues.

Additional file 7: Figure S7. Calculation of standard mean deviation
(SMD) based on COL8AT expression in Three Negative Breast cancer
(TNBC) and non-TNBC tissues.

Additional file 8: Figure S8. Receiver operating characteristic (ROC)
curves based on COL8AT expression value in breast cancer (BRCA)
patients. An AUC value >0.70 signified COL8AT possessed moderate
capability in distinguishing BRCA from non-BRCA patients. AUC ,area
under the curve

Additional file 9: Figure S9. DLR positive and negative in breast cancer
diagnostic trial based on COL8AT expression level. DLR, Diagnostic likeli-
hood ratio.

Additional file 10: Figure S10. Association between COL8A1 expression
and clinicopathological parameters in breast cancer patients. a Elevated
COL8AT1 expression correlated with races of breast cancer patients.
COL8AT expression was higher in white compared to Black or African
American. b Elevated COL8A1 expression correlated with subtypes of
breast cancer. COL8AT1 expression was lower in Three Negative Breast
Cancer compared to Luminal A or Luminal B subtypes of breast cancer.
Elevated COL8AT1 expression correlated with ER status. d Elevated COL8A1
expression correlated with PR status. e Elevated COL8AT expression cor-
related with HER-2 status.

Additional file 11: Table S1. The relevance between COL8AT expression
and clinicopathological parameters of breast cancer patients. Independ-
ent-samples t-test or one way analysis of variance (ANOVA) was used

to compare the COL8AT expression level between two groups or more
groups, respectively. "A P-value < 0.05 indicates statistically significant.

Additional file 12: Table S2. Clinical data of breast cancer samples used
to perform immunohistochemistry.

Additional file 13: Figure S11. Genetic alteration types of COL8AT in
breast cancer. a Amplification, mRNA high, and mRNA low were pre-
dominant alteration types of COL8AT in breast cancer. b, c. indicated no
significant difference between overall or disease-free survival conditions
of COL8AT altered and unaltered groups in breast cancer.

Additional file 14: Table S3. Mutation types of COL8AT1 in breast
cancer patients based on the Catalogue Of Somatic Mutations In Cancer
(COSMIQ).
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Additional file 15: Figure S12. The identification of DEGs and COL8A1
related CEGs in breast cancer. TCGA dataset was selected to partially show
A. DEGs and B. COL8A1 related CEGs. DEGs, differentially expressed genes;
CEGs, co-expressed genes.

Additional file 16: Table S4. Functional enrichment based on 632
overlapping genes of upregulated DEGs and CEGs positively related to
COL8AT1. Only the top four terms or pathways were exhibited. KEGG, Kyoto
Encyclopedia of Genes and Genomes; DO, Disease Ontology; GO, Gene
Ontology; BP, biological process; CC, cellular component; MF, molecular
function; DEGs, differentially expressed genes; CEGs, co-expressed genes.
Table S5. Functional enrichment based on 322 overlapping genes of
downregulated DEGs and CEGs negatively related to COL8AT. Only the
top two terms or pathways were exhibited. KEGG, Kyoto Encyclopedia of
Genes and Genomes, GO, Gene Ontology; BP, biological process; CC, cel-
lular component; MF, molecular function.

Additional file 17: Figure S13. Intersected DEGs and CEGs positively
related to COL8A1 clustered in the proteoglycans in cancer pathways
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway: Proteogly-
cans in cancer (ID: hsa05205).

Additional file 18: Figure S14. Intersected DEGs and CEGs positively
related to COL8A1 clustered in the ECM-receptor interaction pathways
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway: ECM-recep-
tor interaction (ID: hsa04512).

Additional file 19: Figure S15. Co-expressed network of COL8A1 in
breast cancer. Genes clustered in the top two KEGG pathways or the top
two functional modules were displayed. KEGG, Kyoto Encyclopedia of
Genes and Genomes.
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