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Background
Cancer is the leading cause of mortality worldwide and frequently displays heteroge-
neity and similarity in many morphological, biochemical, and physiological features 
[1–3]. Tumor microenvironment (TME) contains various cell types, surrounding 
stroma, and extracellular matrix (ECM), and its heterogeneity significantly influences 
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therapeutic effect and clinical outcomes [4]. ECM, the scaffold of TME, regulates the 
composition of TME and promotes the occurrence and development of tumors [5]. 
Collagen type VI family (COL6A) is a major ECM protein mainly found in the base-
ment membrane region. The major collagen VI isoforms comprise three polypeptide 
chains, α1 (VI), α2 (VI), and α3 (VI), which are designated by COL6A1, COL6A2, 
and COL6A3, respectively. In 2008, further studies identified another three additional 
collagen VI subunits encoded by COL6A4, COL6A5, and COL6A6 [6, 7]. In humans, 
COL6A4 is a non-processed pseudogene because it has been disrupted by an evo-
lutionary pericentric inversion, and COL6A4 on chromosome 3 is broken into two 
pieces COL6A4P1 and COL6A4P2 [6]. COL6A forms a discrete network of beaded 
microfilaments that interact with other ECM molecules and provide structural sup-
port for cells, thereby contributing to the properties of the local ECM microenviron-
ment [8]. Furthermore, COL6A also plays an indispensable role in binding to a range 
of cell surface receptors, and promoting the adhesion, proliferation, migration, and 
inflammatory responses of various cancer cell types [9–11]. It is clear that the signal-
ing role of COL6A is very important in tumors.

Recent studies have shown that COL6A can influence tumor progression by directly 
stimulating tumor cells. Collagen VI deficiency (col6 − / −) dramatically reduces pri-
mary mammary tumor growth in mice [12]. COL6A1 increases tumor cell prolifera-
tion in osteosarcoma [11]. Furthermore, COL6A affects tumor metastasis. For instance, 
COL6A1 promotes vascular invasion and distant metastasis in pancreatic carcinoma 
[13]. COL6A1 is highly expressed in non-small cell lung cancer tissue samples with bone 
metastases, and overexpressed COL6A1 in lung cancer cells increases the adhesion of 
these cells to osteoblasts [14]. COL6A1 and COL6A2 have been observed to be signifi-
cantly associated with invasion and metastasis by inhibiting the activities of MMP-2 
and MMP-9 in bladder cancer cells [15]. COL6A6 suppresses the metastasis of pituitary 
adenoma via blocking the PI3K-Akt pathway [16]. Moreover, COL6A is also involved 
in TME to regulate tumor vascular remodeling and to promote tumor inflammation by 
recruiting macrophages [17]. Although our understanding of the role of COL6A in tum-
origenesis has deepened over the past few years, however, a systematic understanding of 
COL6A members and their roles in prognosis, TME or therapy is still lacking.

In order to develop an integrated picture of commonalities and differences across 
tumor lineages, The Cancer Genome Atlas (TCGA) has proposed the Cancer Genome 
Atlas Pan-cancer Analysis Project in 2012 [18]. Pan-cancer analysis not only evaluates 
molecular aberrations and their functional roles in different tumor types, but also reveals 
the way to extend treatments that are effective in one cancer to another with a simi-
lar genomic profile. Therefore, we expanded our research scope to a pan-cancer anal-
ysis of COL6A members in 33 TCGA cancers. Additionally, the associations between 
COL6A gene expression and overall survival, immune subtypes, stemness scores, TME, 
drug sensitivity, DNA methylation, and miRNA-regulated network were investigated. 
Subsequently, the results obtained from TCGA data were further verified in independ-
ent colorectal cancer samples. Based on public resources and bioinformatics analyses, 
the similarities and differences in molecular feature and clinical significance of COL6A 
members, especially COL6A1/2/3, were comprehensively analyzed in pan-cancer.
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Methods
TCGA pan‑cancer data downloading

TCGA pan-cancer data are publicly available and they were downloaded from the UCSC 
Xena database (http://​xena.​ucsc.​edu/). Gene expression RNA-seq (HTSeq-FPKM), pheno-
type information, and survival data were derived from GDC TCGA sets. Besides, immune 
subtypes and stemness scores based on DNA methylation (DNAss) and mRNA (RNAss) 
were collected from TCGA pan-cancer sets. We analyzed a total of 11,057 samples from 
33 tumors in TCGA, including ACC, BLCA, BRCA, CHOL, CESC, COAD, DLBC, ESCA, 
GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, 
PCPG, PRAD, READ, SARC, SKCM, STAD, TGCT, THCA, THYM, UCEC, UCS, and 
UVM. The detail of tumors and their corresponding normal samples and for the cancer 
type abbreviations please refer to Additional file 1: Table S1.

Expression and coexpression analyses

For each tumor in TCGA, R-related packages were used to transform and integrate raw 
datasets of COL6A gene transcription Next, the normal group data were deleted and 
mRNA expression of COL6A members in 33 TCGA cancer types was visualized by box 
plots. Furthermore, “Wilcoxon test” was applied to analyze the differential gene expres-
sion of COL6A between the tumor group and the normal group using linear mixed effects 
models, and only 18 cancers with more than 5 associated adjacent normal tissue samples 
were included. Genes with a threshold of |log2 fold change (FC)|≥ 1 and p-value < 0.05 were 
identified as differentially expressed genes. Eventually, the correlation of COL6A members 
were performed by the R package “corrplot”, and Spearman’s correlation analysis was used 
as the statistical approach.

The Human Protein Atlas (HPA) database (https://​www.​prote​inatl​as.​org/) was used 
to explore the mRNA expression profile distribution of COL6A in normal tissues and 
their protein expression patterns in tumor tissues [19]. The Cancer Cell Line Encyclope-
dia (CCLE) database (https://​porta​ls.​broad​insti​tute.​org/​ccle) was used to investigate the 
mRNA expression profile of COL6A in cancer cell lines [20].

Overall survival analysis

To explore whether the expression of COL6A was associated with patients’ overall survival 
in pan-cancer, the Cox proportional-hazards regression models were applied to examine 
hazard ratio (HR) of each COL6A member in 33 tumor types, and then the forest plot was 
delineated using the R packages “survival” and “forestplot”. COX p-value less than 0.05 was 
set as a threshold. In addition, patients were divided into high and low expression groups 
based on the median expression level of each COL6A member, and Kaplan–Meier survival 
curve was drawn using the R-package “survminer” and “survival” according to high and low 
risk values. The log-rank test was applied to analyze the differences in survival between the 
two groups. Statistical significance was defined as a p-value < 0.05.

Correlation analysis of COL6A gene expression with immune subtypes, TME, and stemness 

scores

For 33 TCGA tumors, we accessed differential expression of COL6A members in 
the six immune subtypes, including C1 (wound healing), C2 (IFN-γ dominant), C3 

http://xena.ucsc.edu/
https://www.proteinatlas.org/
https://portals.broadinstitute.org/ccle
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(inflammatory), C4 (lymphocyte depleted), C5 (immunologically quiet), and C6 (TGF-β 
dominant) [21]. The R packages “limma”, “reshape2”, and “ggplot2” with the Kristal test 
were used to conduct analyses of immune subtypes. Then, we explored the infiltration 
levels of stromal cells and immune cells in 33 TCGA cancers, and R packages “esti-
mate” and “limma” were applied to calculate stromal scores, immune scores, and esti-
mate scores [22]. Finally, stemness scores including RNA stemness scores (RNAss) and 
DNA stemness scores (DNAss) were calculated by one-class logistic regression (OCLR) 
algorithm [23]. The correlation between the expression of COL6A members and scores 
was analyzed by the Spearman’s method. The p-value < 0.05 was considered statistically 
significant.

Drug sensitivity analysis

The data including the mRNA expression of COL6A members and z scores for drug sen-
sitivity were retrieved from the same sample of the NCI-60 cell line from nine different 
cancers. All data were downloaded from the CellMiner database (https://​disco​ver.​nci.​
nih.​gov/​cellm​iner/) [24]. Then, we filtered drugs approved by FDA or used for validation 
in clinical trials. R packages “limma”, “ggplot2”, and “ggpubr” were used to process and 
visualize data. The association between gene expression and drug sensitivity was con-
ducted by Pearson’s correlation test. The p-value < 0.05 indicated statistical significance.

DNA methylation and miRNA‑regulated network analysis

DNA methylation plays a vital role in gene expression and prognostic assessment. We 
used GSCALite (http://​bioin​fo.​life.​hust.​edu.​cn/​web/​GSCAL​ite/) to determine the differ-
ential methylation expression and prognostic patterns of COL6A in pan-cancer [25]. In 
addition, we used TargetScan (http://​www.​targe​tscan.​org/) to investigate the potential 
regulatory miRNAs of COL6A, and Cytoscape was used to construct a miRNA-regu-
lated network of COL6A [26].

Results
Expression of COL6A in pan‑cancer

Based on published data, a total of seven COL6A members, including COL6A1, 
COL6A2, COL6A3, COL6A4P1, COL6A4P2, COL6A5, and COL6A6, were analyzed in 
the present study. To explore the intrinsic expression profiles of COL6A, we first exam-
ined gene expression levels in all 33 TCGA tumor tissues. Our results indicated striking 
inter-cancer heterogeneity in the expression levels of COL6A1/2/3 in pan-cancer. Fur-
ther analysis found that COL6A1 and COL6A2 were relatively highly expressed in all 
cancer types compared with other COL6A members. By contrast, COL6A3 was mod-
erately expressed, and COL6A4P1/4P2/5/6 had lower expression levels (Fig. 1A).Using 
the HPA database, we subsequently tested mRNA expression in normal tissues. The 
results showed that the mRNA expression levels of COL6A1/2/3 were generally higher 
in normal tissues compared to COL6A5/6, which were mainly enriched in the lung tis-
sues (Additional file 2). In addition, coexpression analysis revealed significantly positive 
correlations between COL6A1 and COL6A2 (R = 0.86), followed by COL6A2-COL6A3 
(R = 0.82), COL6A1-COL6A3 (R = 0.72), and COL6A5-COL6A6 (R = 0.51) (Fig. 1B).

https://discover.nci.nih.gov/cellminer/
https://discover.nci.nih.gov/cellminer/
http://bioinfo.life.hust.edu.cn/web/GSCALite/
http://www.targetscan.org/


Page 5 of 15Li et al. BMC Bioinformatics          (2022) 23:390 	

We also analyzed RNA-seq data from the TCGA database to detect the differential 
expression of COL6A between tumor tissues and normal tissues in 18 tumors. The fold 
change (log FC) of COL6A members in different cancer types is summarized in detail in 
Additional file 1: Table S3. Our results revealed that COL6A was abnormally expressed in 
a variety of tumor types, either down-expressed or up-expressed in different tumors. For 
instance, COL6A1 was overexpressed in some specific tumors, including BRCA, CHOL, 
ESCA, GBM, HNSC, KICH, and KIRC, while the lower expression of COL6A1 was dis-
covered in BLCA, PRAD, THCA, and UCEC. The other COL6A members showed dif-
ferent expression trends in 18 tested cancer types, depending on the specific tumor type. 
Interestingly, we also noticed that there were significantly opposite expression trends 

Fig. 1  Expression of collagen VI family in pan-cancer. A The box plot of the distribution of COL6A gene 
expression in 33 cancer types. B The correlation of COL6A gene expression in 33 cancer types. The blue 
and red dots indicate a positive and negative relationship, respectively. C The heatmap of the differential 
transcription levels of COL6A members in comparison tumor to adjacent normal tissues based on log2 (fold 
change) in 18 tumor types with more than five adjacent normal samples. Red represents high expression in 
tumor tissue and green represents low expression in tumor tissues
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of different COL6A members in the same tumor. For pan-lung: LUAD and LUSC, low 
expression levels of COL6A5 and COL6A6 were observed, which was opposite to the 
expression levels of COL6A3, COL6A4P1 and COL6A4P2, and the expression levels 
of COL6A1 and COL6A2 had no significant changes. The significant overexpression of 
COL6A5 and downregulation of COL6A6 were observed in BRCA (Fig. 1C).

Prognostic role of COL6A in pan‑cancer

The dysregulated COL6A members were found in pan-cancer, but their prognostic 
value remained unclear. Therefore, we further explored the association of expression 
levels of COL6A members with overall survival by Cox regression models, and HR > 1 
was considered as a poor prognostic factor. The results revealed that COL6A1/2/3 were 
prognostic risk factors with HR > 1 in multiple cancer types (Fig. 2 and Additional file 1: 
Table S4). Specifically, these three genes were predicted poor prognosis in patients with 
BLCA, GBM, KIRC, KIRP, LGG, and MESO. Notably, COL6A4P1 was associated with 

Fig. 2  Survival analysis of collagen VI family in pan-cancer. The forest plots show the correlation between 
COL6A gene expression and overall survival rate by the Cox method. HR < 1 represents low risk, while HR > 1 
represents high risk. The details are described in the Additional file 1: Table S4. HR: Hazard ratio
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lower survival in BRCA, LGG, and LIHC, while it was predicted to have a better progno-
sis for KICH and PCPG. COL6A5 correlated with poor prognosis of PCPG and UCEC, 
but favored survival of patients with HNSC and LUAD. In addition, increased COL6A6 
expression was predicted poor prognosis for KIRP, READ, KICH, and UCEC, and a bet-
ter survival rate in LUAD. We further used Kaplan–Meier survival curve to evaluate the 
prognosis risk of COL6A in 33 cancer types. The results showed that COL6A members 
were still significantly associated with patients’ overall survival in most tumor types. It is 
also worth noting that all COL6A members played adverse prognostic roles in patients 
with KIRC (Additional file 3).

Association of COL6A with immune subtypes, TME, and stemness scores in pan‑cancer

After that, we focused on three major collagen VI isoforms, including COL6A1, 
COL6A2, and COL6A3, as a further research object. To understand their association 
with immune components, we analyzed the expression levels of COL6A1/2/3 in six 
immune subtypes from 33 tumors. The results indicated that COL6A1/2/3 were asso-
ciated with immune subtypes (all p < 0.001), and had similar expression profiles in six 
immune subtypes. More specifically, they had the highest expression in C6, followed by 
C1, C2, and C3, while the lowest expression in C4 and C5 (Fig. 3A). These results sug-
gested that the role of COL6A1/2/3 in inhibiting or promoting cancers may be associ-
ated with their immune effects.

We further investigated the relationship between the expression levels of COL6A1/2/3 
and infiltrating stromal cells and immune cells in 33 cancers. ESTIMATE program 
was used to calculate stromal scores and immune scores. The results indicated that 
COL6A1/2/3 expression had a strong positive association with stromal scores and 
immune scores in multiple tumor types (Fig. 3B and C), but had a negative correlation 
with immune scores in TGCT and THCY, indicating that elevated expression levels of 
three genes were correlated with lower tumor purity.

Furthermore, we explored the relationship between COL6A1/2/3 and stem cell-like 
characteristics of 33 cancer types based on mRNA expression and stemness scores. The 
results indicated that COL6A1/2/3 had strong negative correlations with RNAss in most 
tumors. However, we also noticed that there was no significant association between 
COL6A1 expression and RNAss in KICH (Fig. 3D). Moreover, we found that there were 
differences between expression levels of COL6A1/2/3 and DNAss in various cancer 
types. Specifically, they were negatively associated with DNAss in BLCA, LIHC, and 
TGCT, while positively correlated with DNAss in CHOL, THCA, and THYM (Fig. 3E).

Drug sensitivity analysis of COL6A in pan‑cancer

In order to explore the effects of COL6A1/2/3 on drug treatment, we analyzed their 
expression in NCI-60 cell lines, and conducted the Pearson’s correlation test to 
investigate the association between gene expression and drug sensitivity. The results 
showed that increased expression of COL6A1/2/3 was associated with drug sensitiv-
ity of distinct cell lines to multiple chemotherapeutic drugs (Fig.  4 and Additional 
file  1: Table  S5). For instance, COL6A2 was related to cell sensitivity to bleomycin, 
zoledronate, taurosporine and simvastatin. COL6A3 was positively associated with 
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zoledronate. However, COL6A1/2/3 were also associated with the resistance to sev-
eral drugs. Moreover, we also noticed that different genes had similar associations 
with the same drug. For example, COL6A1/2/3 were all positively associated with 

Fig. 3  Association of collagen VI Family associated with immune subtypes, tumor microenvironment, and 
stemness scores in pan-cancer. A COL6A gene expression levels in C1-C6 immune subtypes. C1, wound 
healing; C2, IFN-γ dominant; C3, inflammatory; C4, lymphocyte depleted; C5, immunologically quiet; C6, 
TGF-β dominant. *p < 0.05; **p < 0.01; ***p < 0.001. B–C The two heatmaps of the association of COL6A gene 
expression with stromal scores and immune scores in different cancers, respectively. D–E The two heatmaps 
of the association of COL6A gene expression with RNAss and DNAss in different cancers, respectively. Red 
dots represent positive correlation, while blue dots represent negative correlation, and the darker the 
color, the greater the absolute value of the correlation coefficient. The size of the dots represents statistical 
significance. RNAss: RNA-based stemness scores; DNAss: DNA methylation-based stemness scores
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staurosporine, while negatively correlated with by-products of CUDC-305. These 
findings indicated that COL6A1/2/3 could serve as potential treatment targets.

Underlying molecular mechanism analysis of COL6A

To further understand the potential molecular mechanism of COL6A1/2/3 in cancers, 
we first identified the effects of methylation patterns of COL6A1/2/3 in pan-cancer by 
GSCALite. Our results showed that the methylation levels of COL6A1/2/3 in tumor 
tissues were significantly lower than in normal tissues, as follows: COL6A1 in ESCA, 
BRCA, UCEC, and PRAD; COL6A2 in LIHC, HNSC, KIRP, and BLCA; COL6A3 in 
HNSC, BRCA, UCEC, COAD, and PRAD. However, these genes had higher methylation 
levels in tumor tissues, including COL6A1 in KIRC, HNSC, THCA, KIRP, and COAD; 
COL6A2 in KIRC, LUSC, and BRCA; COL6A3 in LIHC and KIRC (Fig. 5A). In addi-
tion, the expression of COL6A1/2/3 was mainly negatively correlated with methylation, 
except for COL6A3 in LIHC (Fig. 5B). Survival analyses revealed that the hypermethyla-
tion levels of COL6A1/2/3 were risk factors to predict prognosis in most cancer types, 
but the hypermethylation level was identified as a better prognostic factor for COL6A3 
in DLBC and COL6A1 in SARC (Fig. 5C).We further constructed the miRNA-to-gene 
network of COL6A1/2/3. Our results showed that COL6A members were regulated by 
more than one miRNA. To be specific, COL6A1 was regulated by 67 miRNAs, COL6A2 
was regulated by 21 miRNAs, while COL6A3 was regulated by 67 miRNAs. In addition, 
we also observed that the same miRNA could regulate multiple genes, such as hsa-miR-
29-3p, which regulated COL6A1 and COL6A2 (Additional file 4).

Fig. 4  Drug sensitivity analysis of collagen VI family in pan-cancer. The scatter plots of the correlation 
between drug sensitivity and COL6A1/2/3 in NCI-60 cell lines. The scatter plots are ranked by p-value. Cor, 
correlation coefficient
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Role of COL6A in colorectal cancer

Considering the heterogeneity of tumors from the same origin, we further investi-
gated the role of COL6A1/2/3 in COAD and READ. Based on the immunohistochemi-
cal results from the HPA database, we studied the protein expression of COL6A1/2/3 
in colorectal cancer tissues (Additional file 5). Besides, the CCLE database was used to 
show the expression of COL6A1/2/3 in colorectal cancer cell lines (Additional file  5). 
The expression patterns of COL6A1/2/3 were similar in six immune subtypes of COAD. 

Fig. 5  Methylation analysis of collagen VI family in pan-cancer. A Differential methylation levels 
of COL6A1/2/3 between TCGA cancers and adjacent normal tissues. Blue and red dots represent 
down-regulation and up-regulation of methylation in tumors, and the darker the dots, the greater the 
differences. The size of the dots indicates statistical significance. B Correlation between methylation levels 
and expression levels of COL6A. Blue and red represent negative correlation and positive correlation, 
respectively. C Effects of hypermethylation of COL6A on the overall survival risk. Red dots represent high risk, 
while blue dots represent low risk. The size of the dots indicates statistical significance
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More specifically, COL6A1/2/3 expression was relatively high in C6 while low in C4 
(Fig. 6A). COL6A2 expression varied in six immune subtypes of READ and was higher 
in C4 (p < 0.05) (Fig.  6B). Very interestingly, there was no C5 subtype of COAD and 
READ. Figure 6C shows that the expression of COL6A1/2/3 in patients with COAD was 
significantly negatively associated with the RNAss and DNAss (p < 0.05), while positively 
correlated with stromal scores, immune scores, and estimate scores, and similar results 
were observed in READ (Fig. 6D).

Discussion
In this study, we conducted a systematic and comprehensive description analysis of the 
features of COL6A. We first performed intrinsic expression analysis, and our results 
demonstrated that the gene expression levels of COL6A1/2/3 were relatively higher 
than 2, whereas the expression levels of other COL6A members (COL6A4/5/6) were 
less than 1 in pan-cancer, indicating that the expression levels among different COL6A 
members showed a remarkably heterogeneous distribution. The reason for the relatively 
lower expression of COL6A4/5/6 chains compared to regular chains may be related to 
a large pericentric inversion on chromosome 3, leading to inactivation of COL6A4 and 
inhibition of COL6A5/6 transcription [7]. We further conducted coexpression analysis 
of COL6A members in pan-cancer, and found that COL6A1, COL6A2 and COL6A3 
were highly positively correlated. Indeed, previous research has shown that collagen VI 
assembles into a triple-helical monomer made up of three main chains (α1, α2 and α3) 

Fig. 6  The role of collagen VI family in colorectal cancer. A–B COL6A gene expression levels in C1-C6 
immune subtype in COAD and READ, respectively. C1, wound healing; C2, IFN-γ dominant; C3, inflammatory; 
C4, lymphocyte depleted; C5, immunologically quiet; C6, TGF-β dominant. *p < 0.05; **p < 0.01; ***p < 0.001. 
C–D The correlation between COL6A gene expression and RNAss, DNAss, stromal scores, immune score, 
and estimate scores in COAD and READ, respectively. R means correlation coefficient. P represents statistical 
significance. RNAss: RNA-based stemness scores; DNAss: DNA methylation-based stemness scores; COAD: 
Colon adenocarcinoma; READ: Rectum adenocarcinoma
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with a 1:1:1 stoichiometric ratio [8]. Therefore, these results suggested that COL6A1/2/3 
might work together and share some common functions. Unexpectedly, our study also 
revealed the great heterogeneity in the expression of COL6A members in the same 
tumor. Consistent with the above findings, previous studies have reported that COL6A1 
and COL6A2 expression levels are downregulated in both non-muscle invasive bladder 
cancer (NMIBC) and MIBC tissue samples [15]. In contrast, COL6A3 has been proved 
to be highly expressed in bladder cancer tissues and cells [27]. Moreover, we confirmed 
that the same COL6A member had different expression levels in different cancers, even 
in tumor with the similar tissue origin. Based on previous studies and our findings, this 
may be due to the restricted tissue distribution of COL6A [7], and COL6A4/5/6 share 
homology with the COL6A3 chain, as these chains are often expressed complementa-
rily on certain basement membranes [6]. In addition, in this study, aberrant methylation 
of COL6A1/2/3 was observed in some cancers, suggesting that abnormal expression of 
COL6A1/2/3 may be regulated by methylation modification in specific tumors. How-
ever, our findings were obtained from bioinformatics analysis based on public databases, 
and more laboratory studies are needed to confirm our conclusions in the future.

Another essential finding has suggested that COL6A gene expression levels were 
correlated with immune subtypes in pan-cancer, and COL6A1/2/3 all have the high-
est expression in the C6 immune subtype, which has the worst prognosis among the 
six immune subtypes [21]. This may explain the above finding that COL6A1/2/3 were 
mainly correlated with poor overall survival outcomes. Previously, high expression of 
COL6A1 has been reported to predict poor prognosis in pancreatic cancer and cervical 
cancer [13, 28], and similar effects of COL6A1/2/3 are also seen in triple-negative breast 
cancer (TNBC) [29]. Taken together, COL6A1/2/3 may become potential prognostic 
markers in clinical application.

The investigation into the interactions with tumor cells, immune cells, and stromal 
cells in TME is extremely essential for tumoreigenesis and provided new perceptions on 
exploring more powerful treatment mean. Thus, based on the ESTIMATE algorithm, 
we further calculated stromal scores and immune scores of 33 TCGA cancer types. 
Our study found that COL6A1/2/3 were positively associated with the infiltration lev-
els of stromal cells and immune cells. Similar to our results, recent studies have indi-
cated that COL6A is abundantly expressed and secreted by primary macrophages and 
macrophage cell lines, which is in return to modulate cell–matrix and cell–cell interac-
tions[30]. COL6A1 is packaged into osteosarcoma cell-derived exosomes and activates 
cancer-associated fibroblasts in TME [11]. Therefore, COL6A may be an important link-
age between malignant cells and TME.

Stemness scores have been proposed to describe the self-renewal and dedifferentia-
tion of stem cell-like characteristics. Cancer stem cells have been reported to be influ-
enced in many tumor progressions related to tumorigenesis, distant metastasis, and 
chemotherapy resistance. Besides, the acquisition of stem cell-like properties correlates 
with the biological and molecular heterogeneity of cancer [23, 31]. In the present study, 
the correlation of COL6A1/2/3 with tumor stemness scores was explored. We found 
that COL6A1/2/3 were negatively associated with RNAss within tumors. These find-
ings have been partially proved in previous studies. For example, Chih-Ming Ho et al. 
have reported that collagen VI promotes ovarian cancer cell stemness by regulating the 
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CDK4/6-p-Rb signaling pathway [32]. Endotrophin (ETP), a cleavage product of the 
COL6A3 chain, increases tumor stem cell-like cells though activating the anthrax toxin 
receptor 1 (ANTXR1). Thus, the interactions of ANTXR with ETP make a bridge of a 
network of collagen cleavage and remodeling in TME [33]. COL6A1 mediates Fzd7-
Wnt5b to induce breast cancer mesenchymal-like stemness [34]. As a result, COL6A 
may play a pivotal role in tumor-initiating cells. It is also worth noting that the expres-
sion of COL6A1/2/3 is positively or negatively associated with the sensitivity to specific 
drugs. Previous studies have shown that overexpression of COL6A3 promotes cispl-
atin resistance in ovarian cancer cells and breast cancer cells [35, 36]. COL6A3 has also 
been reported to be related to oxaliplatin resistance in ovarian cancer cells [37]. Taken 
together, previous studies and our findings all suggest that COL6A can be used as poten-
tial therapeutic targets for antitumor treatment.

Conclusion
This research showed the similarities and differences of molecular characteristic in colla-
gen VI family in pan-cancer, especially COL6A1/2/3. In summary, our results indicated 
that COL6A members gene expression levels showed great heterogeneity, which needs 
to be studied in specific cancer types in the future. Moreover, the expression levels of 
COL6A1, COL6A2, and COL6A3 showed significantly positive correlation, and had 
similar effects on the prognostic value, immune subtypes, TME, and RNAss. Overall, 
our work revealed their roles in expression, prognosis, DNA methylation, immune reac-
tion, TME, tumor stemness and drug sensitivity. This study will verify the pre-existing 
hypotheses, and offer new clues for exploring potential mechanism of collagen VI family 
in 33 cancer types.

Abbreviations
COL6A	� Collagen VI family
ECM	� Extracellular matrix
TCGA​	� The Cancer Genome Atlas
TME	� Tumor microenvironment
HR	� Hazard ratio
OCLR	� One-class logistic regression
RNAss	� RNA-based stemness scores
DNAss	� DNA methylation-based stemness scores
NMIBC	� Non-muscle invasive bladder cancer

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12859-​022-​04951-0.

Additional file 1. Supplementary tables.

Additional file 2. Collagen VI family expression in normal tissues based on the HPA database.

Additional file 3. Kaplan-Meier plots showing the association between collagen VI family gene expression and 
overall survival in KIRC.

Additional file 4. The miRNA-regulated network of collagen VI family.

Additional file 5. Expression of collagen VI family in colorectal cancer.

Acknowledgements
The authors thank all study participants and reviewers for their useful comments on the manuscript.

Author contributions
XZ conceived and designed the study. XL analyzed data and wrote the manuscript. ZL prepared figures and tables. SG 
and XZ revised the manuscript. All authors approved the final version of the manuscript.

https://doi.org/10.1186/s12859-022-04951-0


Page 14 of 15Li et al. BMC Bioinformatics          (2022) 23:390 

Funding
Not applicable.

Availability of data and materials
The datasets analyzed during the current study are available in the UCSC Xena database (http://​xena.​ucsc.​edu/), CellM-
iner database (https://​disco​ver.​nci.​nih.​gov/​cellm​iner/), Human Protein Atlas database (https://​www.​prote​inatl​as.​org/), 
Cancer Cell Line Encyclopedia database (https://​porta​ls.​broad​insti​tute.​org/​ccle), GSCALite (http://​bioin​fo.​life.​hust.​edu.​cn/​
web/​GSCAL​ite/), and TargetScan (http://​www.​targe​tscan.​org/).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Received: 10 March 2022   Accepted: 16 September 2022

References
	1.	 Marusyk A, Polyak K. Tumor heterogeneity: causes and consequences. Biochim Biophys Acta. 2010;1805(1):105–17.
	2.	 Campbell JD, Yau C, Bowlby R, Liu Y, Brennan K, Fan H, et al. Genomic, pathway network, and immunologic features 

distinguishing squamous carcinomas. Cell Rep. 2018;23(1):194–212.
	3.	 Liu Y, Sethi NS, Hinoue T, Schneider BG, Cherniack AD, Sanchez-Vega F, et al. Comparative molecular analysis of 

gastrointestinal adenocarcinomas. Cancer Cell. 2018;33(4):721–35.
	4.	 Wu T, Dai Y. Tumor microenvironment and therapeutic response. Cancer Lett. 2017;387:61–8.
	5.	 Eble JA, Niland S. The extracellular matrix in tumor progression and metastasis. Clin Exp Metastasis. 

2019;36(3):171–98.
	6.	 Gara SK, Grumati P, Urciuolo A, Bonaldo P, Kobbe B, Koch M, et al. Three novel collagen VI chains with high homol-

ogy to the alpha3 chain. J Biol Chem. 2008;283(16):10658–70.
	7.	 Fitzgerald J, Rich C, Zhou FH, Hansen U. Three novel collagen VI chains, alpha4(VI), alpha5(VI), and alpha6(VI). J Biol 

Chem. 2008;283(29):20170–80.
	8.	 Ball S, Bella J, Kielty C, Shuttleworth A. Structural basis of type VI collagen dimer formation. J Biol Chem. 

2003;278(17):15326–32.
	9.	 Nanda A, Carson-Walter EB, Seaman S, Barber TD, Stampfl J, Singh S, et al. TEM8 interacts with the cleaved C5 

domain of collagen alpha 3(VI). Cancer Res. 2004;64(3):817–20.
	10.	 Sato T, Tokunaka K, Saiga K, Tomura A, Sugihara H, Hayashi T, Imamura Y, Morita M, et al. Involvement of non-triple 

helical type VI collagen α1 chain, NTH α1(VI), in the proliferation of cancer cells. Oncol Rep. 2020;44(5):2297–305.
	11.	 Zhang Y, Liu Z, Yang X, Lu W, Chen Y, Lin Y, et al. H3K27 acetylation activated-COL6A1 promotes osteosarcoma 

lung metastasis by repressing STAT1 and activating pulmonary cancer-associated fibroblasts. Theranostics. 
2021;11(3):1473–92.

	12.	 Iyengar P, Espina V, Williams TW, Lin Y, Berry D, Jelicks LA, et al. Adipocyte-derived collagen VI affects early mammary 
tumor progression in vivo, demonstrating a critical interaction in the tumor/stroma microenvironment. J Clin Invest. 
2005;115(5):1163–76.

	13.	 Owusu-Ansah KG, Song G, Chen R, Edoo MIA, Li J, Chen B, et al. COL6A1 promotes metastasis and predicts poor 
prognosis in patients with pancreatic cancer. Int J Oncol. 2019;55(2):391–404.

	14.	 Li N, Liu M, Cao X, Li W, Li Y, Zhao Z. Identification of differentially expressed genes using microarray analysis and 
COL6A1 induction of bone metastasis in non-small cell lung cancer. Oncol Lett. 2021;22(4):693.

	15.	 Piao XM, Hwang B, Jeong P, Byun YJ, Kang HW, Seo SP, et al. Collagen type VI-α1 and 2 repress the proliferation, 
migration and invasion of bladder cancer cells. Int J Oncol. 2021;59(1):37.

	16.	 Long R, Liu Z, Li J, Yu H. COL6A6 interacted with P4HA3 to suppress the growth and metastasis of pituitary adenoma 
via blocking PI3K-Akt pathway. Aging (Albany NY). 2019;11(20):8845–59.

	17.	 Chen P, Cescon M, Bonaldo P. Collagen VI in cancer and its biological mechanisms. Trends Mol Med. 
2013;19(7):410–7.

	18.	 Weinstein JN, Collisson EA, Mills GB, Shaw KR, Ozenberger BA, Ellrott K, et al. The Cancer Genome Atlas Pan-Cancer 
analysis project. Nat Genet. 2013;45(10):1113–20.

	19.	 Thul PJ, Lindskog C. The human protein atlas: A spatial map of the human proteome. Protein Sci. 2018;27(1):233–44.
	20.	 Barretina J, Caponigro G, Stransky N, Venkatesan K, Margolin AA, Kim S, et al. The cancer cell line encyclopedia 

enables predictive modelling of anticancer drug sensitivity. Nature. 2012;483(7391):603–7.
	21.	 Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Ou Yang TH, et al. The immune landscape of cancer. Immunity. 

2018;48(4):812–30.
	22.	 Yoshihara K, Shahmoradgoli M, Martínez E, Vegesna R, Kim H, Torres-Garcia W, et al. Inferring tumour purity and 

stromal and immune cell admixture from expression data. Nat Commun. 2013;4:2612.

http://xena.ucsc.edu/
https://discover.nci.nih.gov/cellminer/
https://www.proteinatlas.org/
https://portals.broadinstitute.org/ccle
http://bioinfo.life.hust.edu.cn/web/GSCALite/
http://bioinfo.life.hust.edu.cn/web/GSCALite/
http://www.targetscan.org/


Page 15 of 15Li et al. BMC Bioinformatics          (2022) 23:390 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 Malta TM, Sokolov A, Gentles AJ, Burzykowski T, Poisson L, Weinstein JN, et al. Machine learning identifies stemness 
features associated with oncogenic dedifferentiation. Cell. 2018;173(2):338–54.

	24.	 Reinhold WC, Sunshine M, Liu H, Varma S, Kohn KW, Morris J, et al. Cell Miner: a web-based suite of genomic 
and pharmacologic tools to explore transcript and drug patterns in the NCI-60 cell line set. Cancer Res. 
2012;72(14):3499–511.

	25.	 Liu CJ, Hu FF, Xia MX, Han L, Zhang Q, Guo AY. GSCALite: a web server for gene set cancer analysis. Bioinformatics. 
2018;34(21):3771–2.

	26.	 McGeary SE, Lin KS, Shi CY, Pham TM, Bisaria N, Kelley GM, et al. The biochemical basis of microRNA targeting effi-
cacy. Science. 2019;366(6472):1741.

	27.	 Huang Y, Li G, Wang K, Mu Z, Xie Q, Qu H, et al. Collagen type VI alpha 3 chain promotes epithelial-mesenchymal 
transition in bladder cancer cells via transforming growth factor β (TGF-β)/smad pathway. Med Sci Monit. 
2018;24:5346–54.

	28.	 Hou T, Tong C, Kazobinka G, Zhang W, Huang X, Huang Y, et al. Expression of COL6A1 predicts prognosis in cervical 
cancer patients. Am J Transl Res. 2016;8(6):2838–44.

	29.	 Wishart AL, Conner SJ, Guarin JR, Fatherree JP, Peng Y, McGinn RA, et al. Decellularized extracellular matrix scaf-
folds identify full-length collagen VI as a driver of breast cancer cell invasion in obesity and metastasis. Sci Adv. 
2020;6(43):3715.

	30.	 Schnoor M, Cullen P, Lorkowski J, Stolle K, Robenek H, Troyer D, et al. Production of type VI collagen by human 
macrophages: a new dimension in macrophage functional heterogeneity. J Immunol. 2008;180(8):5707–19.

	31.	 Visvader JE, Lindeman GJ. Cancer stem cells: current status and evolving complexities. Cell Stem Cell. 
2012;10(6):717–28.

	32.	 Ho CM, Chang TH, Yen TL, Hong KJ, Huang SH. Collagen type VI regulates the CDK4/6-p-Rb signaling pathway and 
promotes ovarian cancer invasiveness, stemness, and metastasis. Am Cancer Res. 2021;11(3):668–90.

	33.	 Chen D, Bhat-Nakshatri P, Goswami C, Badve S, Nakshatri H. ANTXR1, a stem cell-enriched functional biomarker, con-
nects collagen signaling to cancer stem-like cells and metastasis in breast cancer. Cancer Res. 2013;73(18):5821–33.

	34.	 Yin P, Bai Y, Wang Z, Sun Y, Gao J, Na L, et al. Non-canonical Fzd7 signaling contributes to breast cancer mesenchy-
mal-like stemness involving Col6a1. Cell Commun Signal. 2020;18(1):143.

	35.	 Sherman-Baust CA, Weeraratna AT, Rangel LB, Pizer ES, Cho KR, Schwartz DR, et al. Remodeling of the extracellular 
matrix through overexpression of collagen VI contributes to cisplatin resistance in ovarian cancer cells. Cancer Cell. 
2003;3(4):377–86.

	36.	 Park J, Morley TS, Scherer PE. Inhibition of endotrophin, a cleavage product of collagen VI, confers cisplatin sensitiv-
ity to tumours. EMBO Mol Med. 2013;5(6):935–48.

	37.	 Varma RR, Hector SM, Clark K, Greco WR, Hawthorn L, Pendyala L. Gene expression profiling of a clonal isolate of 
oxaliplatin-resistant ovarian carcinoma cell line A2780/C10. Oncol Rep. 2005;14(4):925–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


	A pan-cancer analysis of collagen VI family on prognosis, tumor microenvironment, and its potential therapeutic effect
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	TCGA pan-cancer data downloading
	Expression and coexpression analyses
	Overall survival analysis
	Correlation analysis of COL6A gene expression with immune subtypes, TME, and stemness scores
	Drug sensitivity analysis
	DNA methylation and miRNA-regulated network analysis

	Results
	Expression of COL6A in pan-cancer
	Prognostic role of COL6A in pan-cancer
	Association of COL6A with immune subtypes, TME, and stemness scores in pan-cancer
	Drug sensitivity analysis of COL6A in pan-cancer
	Underlying molecular mechanism analysis of COL6A
	Role of COL6A in colorectal cancer

	Discussion
	Conclusion
	Acknowledgements
	References


