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Purpose: We explored specific expression profiles of BGN and COL11A1 genes and studied 
their biological functions in CRC using bioinformatics tools.
Patients and Methods: A total of 68 pairs of cancer and non-cancerous tissues from CRC 
patients were enrolled in this study. Methods we used in this articles including: qRT-PCR, 
Western blot analysis, ELISA, GO and KEGG regulatory network analysis, tumor infiltra-
tion, luciferase reporter-based protein and etc.
Results: According to The Cancer Genome Atlas (TCGA) data, BGN and COL11A1 
expression levels were significantly higher in CRC patient samples than in samples from 
healthy controls. Moreover, levels were much higher in late-stage CRC than in early-stage 
disease, warranting evaluation of these genes as CRC prognostic biomarkers. Subsequently, 
qRT-PCR, Western blot analysis, and ELISA results obtained from analyses of CRC cells, 
tissues, and patient sera aligned with TCGA results. GO and KEGG regulatory network 
analysis revealed BGN- and COL11A1-associated genes that were functionally related to 
extracellular matrix (ECM) receptor pathway activation, with transcription factor genes 
RELA and NFKB1 positively associated with BGN expression and CEBPZ and SIRT1 with 
COL11A1 expression. Meanwhile, BGN and COL11A1 expression were separately and 
significantly correlated to tumor infiltration by six immune cell types. Additionally, kinase 
genes PLK1 and LYN appeared to be downstream targets of differentially expressed BGN and 
COL11A1, respectively. In addition, the expression of PLK1 mRNA was down-regulated 
while BGN was down-regulated. Finally, BGN effects on CRC cell proliferation, cycle, 
apoptosis, invasion, and migration were studied using molecular biological methods, includ-
ing luciferase reporter-based protein analysis, qRT-PCR, and Western blot results, which 
revealed that miR-6828-5p may regulate BGN expression.
Conclusion: We speculate that the use of BGN and COL11A1 as CRC biomarkers would 
improve CRC staging, while also providing several novel targets for use in the development 
of more effective CRC treatments.
Keywords: colorectal cancer, COL11A1, BGN, PLK-1, miR-6828-5p

Introduction
Colorectal cancer (CRC) is a common malignant tumor-based disease that ranks 
third in morbidity and mortality worldwide.1 According to Global Cancer Statistics, 
numbers of new CRC cases and deaths in 2018 approached 2 million and 900,000, 
respectively. The 5-year survival rate for CRC patients with early-stage disease 
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(stages I and II), as determined based on TNM (tumor- 
node-metastasis) criteria, is nearly 90%; conversely, the 
survival rate is only 5% for late-stage (stages III and IV) 
CRC patients.2 Due to the fact that clinical staging is 
critical for disease course prediction and diagnosis and 
that tailoring of treatment to CRC stage can positively 
impact CRC patient outcomes, clinicians recommend use 
of TNM staging to guide patient treatment.3

High-throughput omics analysis technologies, such as 
genome sequencing and other omics-based methods, have 
greatly enhanced our understanding of molecular mechan-
isms underlying complex diseases such as cancer.4 Over 
the past 20 years of high-throughput omics technical 
development, numerous researchers have used bioinfor-
matics screening tools to discover gene candidates with 
cancer-specific expression for use as cancer biomarkers.5–9 

Subsequently, genomic biomarkers have been identified 
and used for disease screening, cancer subtyping, and 
prediction of drug responses.4 With regard to CRC, iden-
tification of several genes (CEA, KRAS, EGFR, NRAS, and 
BRAF) has led to their use as treatment targets, but such 
genes lack reliability when used as biomarkers for CRC 
staging.10–14 Thus, the search for suitable biomarker genes 
for CRC staging must continue.

Expression of BGN (Biglycan), the gene as proteogly-
can-I, was first detected in bone tissue, as reported by Fisher 
et al in 1989.14,15 BGN is a member of the SLRPs (small 
leucine-rich proteoglycans) gene family and encodes 
a protein core that is modified to form a glycoprotein con-
taining two glycosaminoglycan side chains. It has been 
reported that SLRPs may influence cell behaviors through 
their involvement in extracellular matrix (ECM) assembly.16 

Mechanistically, proteoglycans have been shown to promote 
cell proliferation, influence migration, and attenuate cell 
adhesion by interacting with proteins both within the cell 
and within the extracellular matrix.17 Meanwhile, BGN has 
been shown to be highly expressed in tumors, such as 
pancreatic cancer, colorectal cancer, ovarian cancer, intrahe-
patic cholangiocarcinoma, and gastric cancer. In fact, Hu 
et al have reported that gastric cancer invasion is enhanced 
when BGN activates the focal adhesion kinase (FAK) signal-
ing pathway, while Sun Hengzi et al have shown that BGN 
expression enhanced the ability of endometrial cancer cells 
to migrate and invade tissues.18,19 Moreover, Liu Bin et al 
observed promotion of CRC chemotherapeutic resistance 
upon activation of NF-KB signal transduction by BGN, 
while Huang Hsiang-Chi et al demonstrated that epigenetic 
silencing of immunosuppressive Siglec ligand activity in 

CRC cells was mediated by the BGN/TLR4/NF-KB 
pathway.20,21 According to recent research, BGN activity 
influences CRC progression via its participation in other 
pathways.

COL11A1 (collagen type XI alpha 1 chain) encodes one 
of two alpha chains that comprise type XI collagen (second-
ary fiber collagen). Through covalent cross-linking, mature 
collagen molecules self-assemble into fibrils on the cell sur-
face and within the extracellular matrix.22,23 Type XI col-
lagen involvement has been reported in human diseases 
whereby type XI collagen is highly expressed in cancers 
but is almost always absent in non-cancerous tissues.24 

Notably, even in an early stage of cancer, collagen XI 
protein is expressed at high levels and has been shown to 
stimulate the stromal proliferative response of tumor- 
associated fibroblasts and to promote tumor cell 
metastasis.25,26 Therefore, COL11A1 expression should be 
investigated for effects on CRC initiation and progression 
and evaluated for its suitability as a CRC biomarker.

In this study, we explored specific expression profiles of 
BGN and COL11A1 genes and studied their biological func-
tions in CRC using bioinformatics tools. BGN functional 
effects on CRC cells were verified by noting changes in 
cell morphology, proliferation, apoptosis, cell cycle progres-
sion, migration, and invasion after experimental knockdown 
of BRN expression. Notably, the results of this work demon-
strated that miR-6828-5p exerted a regulatory effect on BGN 
expression. Therefore, our results here have revealed BGN 
and COL11A1 functions that greatly enhance our under-
standing of CRC biology and highlight potential uses of 
these genes as biomarkers for CRC diagnosis, staging, treat-
ment monitoring, and prognosis.

Patients and Methods
DEGs (Differentially Expressed Genes) 
Expression Analysis in the GEO 
Databases
The microarray datasets GSE32323, GSE33113, 
GSE37892 were all downloaded from GEO (Gene 
Expression Omnibus, GEO, http://www.ncbi.nlm.nih.gov/ 
geo/). GSE32323 used 17 pairs of cancer and non- 
cancerous tissues from CRC patients. GSE33113 used 
primary tumor resection in 90 patients with AJCC stage 
II CRC and matched normal colon tissue from 6 of these 
patients. GSE37892 retained a series of 130 colon cancer 
samples, including 73 patients from stage II and 57 
patients in stage III.
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Data Processing
All microarray datasets were standardized by four 
R language packages including “ggplot2”, “Affy”, 
“limma”, and “Venn Diagram”. Following the standard | 
log fold change (FC)| ≥1 and adjusted p-value<0.05, the 
DEGs whose expression levels were up-regulated or 
down-regulated in three chips were analyzed. The DEGs 
may have important correlations with the stage of CRC 
with the value of diagnostic and prognostic.

DEGs Expression Level of TCGA CRC 
Dataset
Using the samples of 286 CRC patients and 41 normal 
people obtained from the TCGA database, the expression 
of DEGs was analyzed. And based on the clinical stages of 
the CRC patients, the expression of DEGs was compared 
in early-stage and late-stage of 286 patients.

DEGs Function Enrichment Analysis by 
GO Terms and KEGG Pathways
To analyze the functional differences and biological pro-
cesses of DEGs in CRC, David (David, https://david. 
ncifcrf.gov/), an online database containing functions 
with the following ontology sources: KEGG (Kyoto 
Encyclopedia of Genes and Genomes) Pathway, GO 
(Gene Ontology) Biological Processes, Reactome Gene 
Sets, Canonical Pathways, and CORUM was used to ana-
lyze the biological processes and pathway enrichment of 
DEGs. We collected terms with factor > 1.5, p < 0.05 and 
counts > 2. Group terms into clusters based on similarities 
between valid members.

PPI (Protein–Protein Interaction) 
Enrichment Analysis of DEGs
To get the interactive relationships of DEGs, Search Tool 
for the Retrieval of Interacting Genes database (STRING, 
http://string-db.org) with protein prediction function was 
used for PPI network enrichment analysis. As a result, 
a score of ≥0.4 was considered to make sense. The PPI 
network enrichment analysis of DEGs was constructed and 
visualized by Cytoscape software (Cytoscape, http://www. 
cytoscape.org/).

LinkedOmics Analysis
The LinkedOmics database (LinkedOmics, http://www.lin 
kedomics.org/login.php) involves multi-omics data and 
clinical data for 32 types of cancer from TCGA 

project.27 The LinkFinder module of LinkedOmics was 
particularly useful in analyzing the differentially expressed 
genes related to BGN or COL11A1 in the TCGA 
COADREAD cohort (n=379) and created statistical plots 
for individual genes. Pearson correlation coefficient was 
used to analyze the results and all the results are graphi-
cally displayed on the volcano plots, heat maps, or scatter 
maps. Data from LinkFinder results were signed and 
sorted, and then GSEA was used for GO (CC, BP, and 
MF), KEGG pathway analysis, kinase target enrichment.

GeneMANIA Analysis
GeneMANIA, standing for http://www.genemania.org, is 
a multifunctional and user-friendly Web interface, which 
enables users to construct protein–protein interaction (PPI) 
networks and gene-gene functional interaction networks 
from gene lists.28 The web edge has detailed information 
including the publications or plentiful data sources of the 
interactive sources. The website, which fully utilizing 
more than 1800 online databases of GeneMANIA, con-
tains more than 500 million interaction sources about eight 
organisms and has a variety of bioinformatics methods 
(such as prediction, interactions, co-expression, co- 
location, and enrichment analysis of genes). Given 
a query gene, the gene prediction function of 
GeneMANIA can identify other related genes that may 
share their functions according to their interaction. 
GeneMANIA was also used to make the gene network 
visible and predict the function of CRC-rich genes recog-
nized by GSEA: kinases PLK1and kinases LYN.

TRRUST
TRRUST (Transcriptional Regulatory Relationships 
Unraveled by Sentence-based Text mining, https://www. 
grnpedia.org/trrust/), a database of 8444 transcription fac-
tor (TF)-target regulatory relationships containing 800 
human TFs and providing information on how to regulate 
these interactions, is a reliable and intuitive tool for tran-
scriptional regulatory networks in humans and mice.29 In 
our study, BGN, AEBP1, MXRA8, COL1A1, and CCDC8 
or COL11A1, THBS2, COL1A2, COL10A1, and NTM 
were put into TRRUST to get the transcription factors 
for gene interaction.

Immune Infiltration Analysis
TIMER (Tumor Immune Estimation Resource, https://cis 
trome.shinyapps.io/timer/) is a reliable and intuitive tool 
for systematic assessment of different immune cell 
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infiltration and its clinical impact.30 In our study, the gene 
module was used to evaluate the correlation between BGN 
or COL11A1 and immune cells infiltration.

Patients and Tissue Samples
A total of 68 pairs of cancer and non-cancerous tissues 
from CRC patients were enrolled in this study. Tissue 
samples were collected from the primary CRC patients 
(Table 3) who underwent surgery in the Shenzhen 
Second People’s Hospital (Shenzhen, Guangdong, 
China). This study was approved by the Clinical 
Research Ethics Committee of the Tsinghua Shenzhen 
International Graduate School and carried out with written 
informed consent from all subjects. All subjects gave 
written informed consent in accordance with the 
Declaration of Helsinki before their inclusion in the 
study. All the patients were diagnosed with histopatholo-
gical analysis using the surgically resected tumors. 
Histopathological classification of resected tumors was 
carried out, and tumor stages were determined according 
to (TNM) system of lymph node metastasis. Before speci-
men collection, no patient received chemotherapy or radia-
tion therapy. All fresh tissue samples were stored in 
RNAlater™ stabilization solution (Thermo Fisher 
Scientific, Waltham, MA, USA) and were stored at −80° 
C for future study. This was conducted in accordance with 
the Declaration of Helsinki.

Cell Culture
Human colon normal epithelial FHC cells and human 
colorectal carcinoma HCT116 cells were purchased from 
the ATCC (Manassas, VA, USA). DLD-1, Lovo, and 
HT29 cells were kindly provided by Cell Bank, China 
Academy of Sciences (Shanghai, China). HCT116 cells, 
FHC cells, and DLD-1 cells were cultured in RPMI-1640 
medium (Gibco, Thermo Fisher Scientific) containing 10% 
(v/v) fetal bovine serum, Lovo cells were cultured in 
Ham’s F-12 medium (Gibco, Thermo Fisher Scientific) 
containing 10% (v/v) fetal bovine serum, HT-29 cells 
were cultured in McCoy’s 5A medium (Gibco, Thermo 
Fisher Scientific) containing 10% (v/v) fetal bovine serum. 
All cells were cultured in an incubator containing 
5% CO2.

Cell Transfection
HCT116 or DLD-1 cells were cultured in 96-well or 
6-well plates overnight. According to the manufacturer’s 
instructions, Lipofectamine 3000 (Invitrogen, USA) was 

used to transfect the siRNA or negative controls 
(GenePharma, shanghai) into the cells. All primes used 
are shown in Table 4.

Cells and Tissues RNA Extraction and 
Real-Time Quantitative PCR
The tissues were stored in a refrigerator at −80°C before 
use. Cells and tissues total RNA were extracted by Trizol 
reagent (Thermo Fisher Scientific, USA). Reverse tran-
scription of 1 µg of RNA using the BeyoRT™ II thesis 
kit with gDNA Eraser (Beyotime Bio Inc, China). By 
using a 7500 PCR system (Thermo Fisher Scientific, 
USA), mRNA expression was detected. The Real-time 
quantitative PCR conditions were as follows: 95°C, 5 
min; 95°C, 10 s, and at 65°C, 35 s were cycled 40 times. 
To verify the specificity of the PCR products, a melting 
curve was performed at the end of the amplification cycle. 
The result was analyzed by using 2−ΔΔCt methods. All 
primes used are shown in Table 5. The expression of BGN, 
COL11A1, and PLK1 was normalized by the housekeeping 
gene GAPHD.

Survival Analysis Using TCGA Database
Based on TCGA database data, we made preliminary 
analysis of the relationship between the survival of CRC 
patients and DEGs. Two hundred and eighty-six CRC 
patients from TGCA database were used. Kaplan–Meier 
survival curve was made by using the R language package 
“survival”. The Log-rank p-value was calculated at the 
same time.

Detection of BGN and COL11A1 
Expression in Serum by ELISA
ELISA is used to detect the expression of BGN and 
COL11A1 in CRC patients and normal human serum. 
The detection range is 1.0–800 pg/mL. Briefly, equal 
amounts of serum were loaded into the human Biglycan 
(BGN) ELISA plate and type XI collagen αα1 chain 
(COL11A1) ELISA plate (MEI MIAN, China) with HRP- 
labeled BGN and COL11A1 antibody. After incubation and 
washing, the substrate TMB developed color after being 
catalyzed by peroxidase. The intensity of the color was 
measured using a spectrophotometer at 450 nm, and then 
the concentrations of BGN and COL11A1 in the sample 
were determined by comparing the O.D. Standard curve of 
the sample.
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Western Blot
Clinical tissue sample and cells were analyzed with the 
RIPA buffer (Beyotime, Shanghai, China) with freshly 
added PMSF (Beyotime, Shanghai, China) on ice. The 
concentration of sample protein was quantified by using 
Bradford reagent (Tiangen, Shanghai, China) and sepa-
rated on a 12% sodium dodecyl sulfate (SDS)- 
polyacrylamide gel, which was then transferred to onto 
polyvinylidene fluoride (PVDF) membranes (Bio-Rad, 
Hercules, CA, USA) and blocked with 5% non-fat milk 
Tris-buffered saline. Thereafter, the PVDF membranes 
were incubated overnight at 4°C in primary anti-Biglycan 
antibody (ab231297, 1:1000 dilution, Abcam) and anti- 
beta Actin antibody (Beyotime, Shanghai, China) followed 
by room temperature for 1 h in horseradish peroxidase- 
conjugated secondary antibodies (Beyotime, Shanghai, 
China). An enhanced chemiluminescent substrate kit was 
used to display the immunoreactive protein bands on the 
PVDF membranes, with glyceraldehyde-3-phosphate 
dehydrogenase as the internal reference.

Cell Proliferation Assay
For proliferation assays, transfected HCT116 or DLD-1 
cells were seeded in 96-well plates at a density of 3×103 

cells per well and cultivate with RPMI-1640 medium 
containing 10% FBS. The Cell Counting Kit 8 
(Beyotime, Shanghai, China) was added to each well at 
24, 48, and 72 h. Absorbance at 450 nm was measured.

Cell Cycle and Apoptosis Analysis
The DNA content during the cell cycle phases was eval-
uated by flow cytometry. Cells were seeded into 6-wells 
plates and then incubated for 48 h. And then the cells were 
harvested and fixed in 70% ethanol overnight at 4°C. Next, 
the cells were washed 3 times and resuspended in cold 
PBS, followed by treatment with 50 μg/mL propidium 
iodide for 60 min in the dark at room temperature. Cells 
were analyzed immediately by flow cytometry (Beckman, 
USA) and calculated with ModFit software (Verity, USA). 
In apoptosis assay, we used a FITC AnnexinV Apoptosis 
Detection Kit (Beyotime, Shanghai, China) under the 
instructions of the manufacturer.

Wound Healing Assay
Transfected cells were seeded into 6-well plates then cul-
tured to confluence. Next, the adherent cell layer was 
scratched by removing a strip of cells across the well 

using a pipette tip. Scratched monolayers were further 
washed twice with phosphate buffer solution to remove 
nonadherent cells. Images were obtained for each well 
under a microscope at 0 h, 24 h, and 48 h after scratching 
of cells.

Brief Description of the Transwell Assay
For the transwell assay, 1 × 105 transfected cells in serum- 
free RPMI-1640 medium were dispensed into a previously 
coated upper transwell chamber (coated with Matrigel, 
BD, USA) then RPMI-1640 medium containing 10% 
fetal bovine serum was added into the lower chamber. 
After 16 h, each transwell chamber was washed with 
PBS buffer and non-invasive cells were gently removed 
using cotton swabs. The remaining invasive cells were 
fixed in 100% methanol and stained with 0.25% crystal 
violet for at least 10 min at room temperature. Triplicate 
readings for each sample were taken at five random sites 
within each image. After lysing cells with 33% acetic acid, 
the absorbance at 570 nm was measured.

Colony Formation Assay
Transfected cells were seeded into six-well plates at 
a concentration of 2000 cells/well and cultured in RPMI- 
1640 containing 20% FBS for 9 days. Cells were then 
fixed with methanol and stained with 0.1% crystal violet.

Luciferase Reporter Assay
HCT116 cells were cultured in 96-well plates overnight. 
After that, the cells were co-transfected with miRNA 
mimics or negative controls (GenePharma, Shanghai) 
with each luciferase plasmid. The 3′UTR of BGN was 
cloned into the pmiRGLO UTR luciferase reporter plas-
mid to produce the pmiRGLO-BGN-3ʹUTR. Thoroughly, 
Lipofectamine 3000 (Invitrogen, USA) was used to trans-
fect miR-6828-5p mimics simulated or negative controls, 
while Lipofectamine 3000 was used to transfect 
pmiRGLO plasmids containing wild-type or BGN 3ʹUTR 
mutations according to the provided manual. After incuba-
tion for 6 h, the cell culture medium was changed to fresh 
RPMI-1640 containing 10%FBS. Twenty-four hours later, 
according to the manufacturer’s instructions, a dual- 
luciferase reporter gene analysis was performed using 
Dual-Luciferase Reporter Assay System kit (Promega, 
USA). Luciferase activity was detected under the control 
of Tecan Infinite M200 (TECAN, Sweden). In order to 
normalize the luciferase activity, the luminous intensity of 
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Renilla luciferase was used as the internal control of the 
transfected cells.

Statistical Analysis
SPSS22.0 and Graphpad prism6 software were used to 
perform statistical analysis of all results. Then, the differ-
ence between the two groups was determined by using 
Student’s t-tests. The Kaplan–Meier and Log rank test 
were used for the calculation of survival rate and detection 
of comparisons. P < 0.05 was the standard of Statistical 
significance.

Result
Identification of DEGs
One thousand four hundred and ten differentially expressed 
genes (DEGs) were detected in the microarray dataset 
GSE32323, of which 696 genes were down-regulated and 
714 genes were up-regulated in CRC tumors. One thousand 
two hundred and thirty-four differentially expressed genes 
were found in GSE33113, of which 740 genes were down- 
regulated and 494 genes were up-regulated in tumors. Two 
hundred and nineteen differential genes were found in micro-
array dataset GSE37892, of which 69 genes were down-regu-
lated and 150 genes were up-regulated in stage III compared 
with stage II CRC. Transcriptional expression levels of all 
genes in the three datasets were visualized using volcano 
plots, with red dots representing up-regulated genes and 
green dots representing down-regulated genes (Figure 1A). 
Next, we used Venn analysis to screen for consistently up- 
regulated and down-regulated genes in the three gene data sets 
(Figure 1B). Then, data from the three microarrays were 
analyzed and verified, 13 genes were found to exhibit CRC- 
specific expression. After expression profiles were compared 
between early-stage and late-stage cancers, expression levels 
of COL1A2, KLK10, BGN, SPP1, COL10A1, INHBA, and 
COL11A1 were shown to be higher in late-stage cancer, 
while SLC26A3, FABP1, PIGR, PDCD4, and TMEM56 
expression levels were higher in early-stage cancer.

GO Terms and KEGG Pathways Analysis 
of DEGs
Using the Database for Annotation, Visualization, and 
Integrated Discovery (David database), GO and KEGG 
enrichment analyses were conducted to assign biological 
roles to the 13 candidate DEGs while also assessing their 
functional differences. Next, we constructed a histogram of 
the top 10 identified functional and pathway assignments 

based on the significance threshold p < 0.05 (Figure 1C). 
Enriched biological process terms obtained from analysis 
were as follows: protein digestion and absorption, ECM– 
receptor interaction, extracellular matrix binding, collagen 
catabolic process, extracellular matrix organization, endoplas-
mic reticulum lumen, collagen trimer, proteinaceous extracel-
lular matrix, extracellular region, and extracellular matrix 
structural constituent. Highly enriched genes were clustered 
according to related functional pathways and established net-
works (Figure 1D).

Protein–Protein Interaction (PPI) 
Network Analysis of DEGs
The STRING database (http://string-db.org) and Cytoscape 
(http://www.cytoscape.org/) were used to apply protein–pro-
tein interaction (PPI) network analysis to determine inter-
active relationships among DEG protein products. Next, we 
used the MCODE plug-in of Cytoscape to screen for net-
work hub genes that were identified as BGN, COL11A1, 
COL10A1, and SPP1 (Figure 1E, shown in yellow). Since 
the mechanisms whereby BGN and COL11A1 participate in 
CRC were not yet clear, these DEGs were selected for 
subsequent verification.

Survival Analysis of Hub Genes
In this study, we used data from 286 CRC patients depos-
ited in TCGA to analyze the relationship between CRC 
patient survival and DEGs. Kaplan–Meier survival curves 
were plotted using the R language package “survival” with 
Log-rank p-values calculated at the same time. We found 
that expression levels of BGN and COL11A1 were prog-
nostically significant and informative such that overex-
pression of BGN and COL11A1 was negatively 
associated with patient survival (Figure 1F). Therefore, 
our results suggest that BGN and COL11A1 might have 
prognostic value when used as CRC biomarkers.

Expression of BGN and COL11A1 
mRNAs in Tissues, Cells, and Serum
Expression levels of BGN and COL11A1 mRNAs were 
verified in tissues and cells using qRT-PCR, with results 
showing that BGN and COL11A1 were up-regulated in 
tumor tissues compared to non-tumor tissues from CRC 
patients (Figure 2B). In addition, these results indicated 
that expression levels of BGN and COL11A1 were closely 
correlated to CRC stage (Figure 2B), with both genes 
expressed at higher levels in late-stage than in early-stage 
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CRC tumors. Moreover, these results aligned with results 
obtained using TCGA data (Figure 2A) and also agreed 
with serum ELISA results (Figure 2C). Thus, these results 
collectively suggest that BGN and COL11A1 expression 
levels were closely tied to CRC stage. Finally, as 

compared to results for human colon normal epithelial 
cell line FHC, expression levels of BGN and COL11A1 
mRNA were higher in CRC cell lines DLD-1, Lovo, 
HT29, and HCT116 (Figure 2D) and were consistent 
with results of tissue experiments and serum results.

Figure 1 Identification of overlapping DEGs, DEGs function enrichment analysis and survival value of CRC-specific markers. (A) Volcano plots of DEGs in GSE33113 
dataset, GSE37892 dataset and GSE32323 dataset. (B) Venn plots of down-regulated overlapping DEGs and upregulated overlapping DEGs. (C) Histogram of enriched terms 
across input gene lists. (D) Pie chart of enriched terms. (E) PPI network of DEGs were construct and visualize by Cytoscape software. (F) The survival value of CRC-specific 
markers was analyzed by clinical parameters and survival data of 286 patients from TCGA data. Survival curve and calculate the Log-rank p-value were made by R language 
package “survival”, BGN and COL11A1 expression was correlated with survival.
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Analysis of Biological Functions of BGN 
and COL11A1 in CRC
Next, the LinkedOmics function module was used to 
analyze mRNA sequence data of 379 CRC patients 
deposited in the TCGA CRC database. As shown in 
the volcano graph (Figure 3A), 6135 genes (dark red 
dots) were significantly positively correlated with BGN 
expression, while 3321 genes (dark green dots) were 
significantly negatively correlated with BGN expression 
(FDR < 0.01). Analysis of genomic DNA sequences 
indicated the top 50 genomic DNA sequences most 
significantly positively (Figure 3B) and negatively 
(Figure 3C) associated with BGN expression, as shown 
in the heat map. Meanwhile, 3067 genes (dark red dots) 
were significantly positively correlated with COL11A1 
and 5990 genes (dark green dots) were significantly 
negatively correlated with COL11A1 (FDR < 0.01) 
(Figure 3D). The top 50 genomic DNA sequences 
most significantly positively (Figure 3E) and negatively 
(Figure 3F) associated with COL11A1 expression are 
shown in the heat map.

Statistical scatter diagrams of individual genes are shown 
in Figure 3G and H, respectively. Significant positive corre-
lations were observed between BGN expression and expres-
sion of the top four genes (ranked from 1 for greatest to 4 for 
least correlation) of AEBP1 (Pearson correlation = 0.94, p = 
1.24e − 178), MXRA8 (Pearson correlation = 0.93, p = 1.33e 
− 170), COL1A1 (Pearson correlation = 0.93, p = 7.77e − 
168), and CCDC8 (Pearson correlation = 0.93, p = 3.00e − 
166). Positive correlations were also observed between 
COL11A1 expression and expression of the top four genes 
ranked from 1 to 4 as above for THBS2 (Pearson correlation 
coefficient = 0.93, p = 2.67e - 172), COL1A2 (Pearson 
correlation coefficient = 0.93, p = 1.73e − 172), COL10A1 
(Pearson correlation coefficient = 0.93, p = 4.08e − 151), and 
NTM (Pearson correlation coefficient = 0.93, p=3.75e − 148). 
BGN and COL11A1 and the top four correlated genes for 
each were input into TRRUST, revealing that transcription 
factor genes RELA and NFKB1 were associated with regula-
tion of BGN and related genes, while transcription factor 
genes CEBPZ and SIRT1 were associated with regulation 
of COL11A1 and related genes (Table 1).

Figure 2 BGN and COL11A1 expression in TCGA samples, tissue samples and serum. (A) Clinical tissue quantitative real-time PCR results. (B) TGCA database analysis 
results. (C) Serum samples verify results. (D) The expression of BGN and COL11A1 in HCT116 and DLD-1 cells was tested by qRT-PCR. Data are presented as means ±S. 
D. of three independent experiments. *p < 0.05, **p < 0.01 compared with control.
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In addition, functions of cell-matrix junction and extra-
cellular matrix molecules located within the cell mem-
brane, which act as structural components of the 
extracellular matrix by participating in extracellular struc-
tural organization, angiogenesis, and cell matrix adhesion, 
were shown via GO analysis to be significantly associated 
with BGN and COL11A1 gene functions. Meanwhile, 
KEGG analysis showed that these gene functions partici-
pate in processes involving cell adhesion molecules 
(CAMs), with roles in focal adhesion and DNA replication 
(Figure 3I and J). Therefore, these results suggest that the 
biological interaction network of BGN and COL11A1 is 
a component of the ECM receptor activation pathway.

BGN and COL11A1 Networks Involving 
Kinases in CRC
In order to further explore BGN and COL11A1 targets in 
CRC, we analyzed kinase target networks of positively related 
gene sets generated via gene set enrichment analysis (GSEA) 
(Supplementary Table 1 and Supplementary Table 2). The five 
most important target networks associated with BGN were 
identified as kinase target networks related to polo-like kinase 
1 (PLK1); Aurora kinase B (AURKB); checkpoint kinase 1 
(CHEK1); ataxia telangiectasia and Rd3-related (ATR) 
kinase; and protein kinase, DNA activated catalytic subunit 
(PRKDC). The five most important target networks associated 
with COL11A1 were kinase target networks mainly related to 

Figure 3 The genes correlated with BGN and COL11A1 in CRC by LinkedOmics, GO term and KEGG analysis by GSEA were conducted to clarify the biological function 
of BGN and COL11A1 correlated genes. The volcano plot showing the genes correlated with BGN (A) and COL11A1 (D) in CRC. The heatmap showing the top 50 genes 
positively (B) or negatively (C) correlated with BGN. The heatmap showing the top 50 genes positively (E) or negatively (F) correlated with COL11A1. Gene expression 
correlation analysis for BGN, AEBP1, MXRA8, COL1A1 and CCDC8 (G). Gene expression correlation analysis for COL11A1, THBS2, COL1A2, COL10A1 and NTM (H). 
GO term and KEGG analysis by GSEA were conducted to clarify the biological function of BGN (I) and COL11A1 (J) correlated genes. The column represents the 
Normalized Enrichment Score (NES), and the color of the column represents the FDR.

Table 1 Key Regulated Factor of BGN or COL11A1 in CRC (TRRUST)

Key TF Description No. of Overlapped 
Genes

P value FDR

BGN RELA v-rel reticuloendotheliosis viral oncogene homolog A (avian) 2 0.00246 0.00249

NFKB1 Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 2 0.00249 0.00249

COL11A1 CEBPZ CCAAT/enhancer binding protein (C/EBP), zeta 2 8.42e-07 1.68e-06

SIRT1 Sirtuin 1 2 6.31e-05 6.31e-05
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the LYN proto-oncogene, Src family tyrosine kinase (LYN); 
protein kinase cGMP-dependent 1 (PRKG1); ribosomal pro-
tein S6 kinase A4 (RPS6KA4); platelet-derived growth factor 
receptor beta (PDGFRB); and FGR proto-oncogene, Src 
family tyrosine kinase (FGR) (Table 2).

The protein–protein interaction network constructed 
using GeneMANIA revealed correlations among kinase 
genes PLK1 and LYN genes. The gene set enriched for 
kinase PLK1 (Figure 4A) and is mainly responsible for 
regulating DNA replication, DNA repair, and cell cycle 
checkpoints. Meanwhile, the gene set enriched for LYN 
(Figure 4B) is mainly responsible for immune response 
regulation of cell surface receptor signaling pathways, and 
Fc receptor signaling pathways.

Down-Regulation of BGN is 
Accompanied by Down-Regulation of 
PLK1 mRNA and in vitro Studies on the 
Growth and Metastasis of CRC Cells
It was found that the expression of PLK1 mRNA was 
down-regulation while BGN mRNA was down-regulation 
(Figure 4C). We further confirmed the expression of BGN 
protein in tissues (Figure 6A) and cells (Figure 6B) using 
Western blot analysis. In order to study the role of BGN in 
CRC cell biology, the expression of BGN was down- 
regulated via cell transfection with siBGN. The results of 
qRT-PCR and Western blot analysis showed that BGN 
expression was significantly down-regulated in HCT116 
and DLD-1 cells transfected with siBGN2 as compared 
with expression in NC-transfected cells (Figure 5C and 
D). In order to study the effect of BGN down-regulation on 
cell growth, we conducted rough assessments of cell 

proliferation along with apoptosis and cell-cycle assays, 
colony formation assays, and transwell assays.

Compared with results for control and NC groups, BGN 
gene knockdown led to reduced proliferation of HCT116 and 
DLD-1 cells (Figure 5E and F). In addition, colony-level 
numbers of BGN knockout cells in the siBGN group were 
significantly reduced (Figure 5G). Moreover, flow cytometric 
monitoring of cell cycle progression and apoptosis of 
HCT116 and DLD-1 cells demonstrated a significantly 
higher apoptosis rate for cells with BGN knockdown than 
observed in control and NC group cells (Figure 6A), while 
cell cycle analysis indicated that BGN knockdown led to 
significant blockage of G0/G1 phase progression 
(Figure 6B). Thus, these results showed that BGN gene 
knockdown could inhibit cell cycle progression and promote 
apoptosis of HCT116 and DLD-1 cells. According to the 
results of transwell invasion experiments and wound healing 
assays, invasive cell number (Figure 7A) and wound healing 
area (Figure 7B) in the siBGN group were both significantly 
reduced. Therefore, down-regulation of BGN can reduce 
invasion and migration activities of HCT116 and DLD-1 
cells.

Immune Cell Infiltration of BGN and 
COL11A1
BGN and COL11A1 genes in CRC patients participate in the 
inflammatory response and in immune cell infiltration, thus 
affecting clinical CRC patient treatment outcomes. We used 
the TIMER database to comprehensively study the correla-
tion between differentially expressed BGN or COL11A1 and 
immune cell infiltration. Expression levels of BGN or 
COL11A1 were negatively correlated with B cell infiltration 
but positively correlated with infiltration of CD4+ T cells, 

Table 2 The Kinase Regulatory Network of BGN or COL11A1 in CRC (LinkedOmics)

Geneset LeadingEdgeNum p value

BGN Kinase Target Kinase_PLK1 42 0.031496
Kinase_AURKB 44 0

Kinase_CHEK1 47 0
Kinase_ATR 28 0

Kinase_PRKDC 46 0.035443

COL11A1 Kinase Target Kinase_LYN 50 0.0020000

Kinase_PRKG1 30 0.048880
Kinase_RPS6KA4 19 0.018

Kinase_PDGFRB 15 0.021

Kinase_FGR 15 0.00200
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CD8+ T cells, neutrophils, macrophages, and dendritic cells 
(Figure 8). The correlation between BGN or COL11A1 and 
B cell infiltration or CD8+ T cells R-value is lower, B cell 
R-value = −0.19 and −0.233, both CD8+ T cells R-value 
=0.189. The correlation between BGN or COL11A1 and 
dendritic cells infiltration R-value is higher, dendritic cells 
R-value=0.599 and 0.556.

Identification of the BGN Binding Site for 
miR-6828-5p
TargetScan, miRTarBase, and miRWalk databases pre-
dicted a miR-6828-5p binding site within BGN at base 
position 666–672 within the BGN mRNA 3ʹ-UTR 
(Figure 9A). The binding sequence of miR-6828-5p 
on BGN mRNA 3ʹ-UTR was mutated from 
GUUCCCU to CAAGGGA, and the luciferase activity 
was calculated after transferring into miR-6828-5p 
mimic and negative control (Figure 9B). Luciferase 
reporter assay results showed that addition of miR- 
6828-5p mimic led to decreased luciferase activity in 
HCT116 cells transfected with BGN mRNA wild-type 
3ʹ-UTR (P < 0.05), with luciferase activity unchanged 
after addition of the negative control (Figure 9C). In 
addition, BGN mRNA and protein levels after transfec-
tion of HCT116 cells with miR-6828-5p mimic or 
negative control were assessed and demonstrated that 
increased miR-6828-5p level led to decreased BGN 
expression in HCT116 cells (Figure 9D). Collectively, 
these results suggest that miR-6828-5p regulated BGN 
expression through direct and specific binding to the 
3ʹ-UTR of BGN mRNA in HCT116 cells.

Table 3 Clinicopathological Characteristics and BGN and 
COL11A1 Expression (n = 68)

Characteristics Cases %

Gender

Male 32 47.0

Female 36 53.0

Age

≥65 33 48.5
< 65 35 51.5

Tumor location

colon 14 20.5

Rectal 54 79.5

Pathologic differentiation

well/moderate 61 10.3
poor 7 89.7

Clinical stage
I/II 30 44.1

III/IV 38 55.9

Metastasis

yes 3 4.4

no 65 95.6
Non-mucinous adenocarcinoma 5 7.3

mucinous adenocarcinoma 63 92.7

BGN expression

Low 2 2.9

High 66 97.1

COL11A1 expression

Low 26 38.2
High 42 61.8

Table 4 Scramble-BGN and si-BGN Sequences

Sense (5ʹ-3ʹ) Antisense (5ʹ-3ʹ)

scramble-BGN UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

si-BGN1 CCUUUGAGCAGAGAGGCUUTT AAGCCUCUCUGCUCAAAGGTT

si-BGN2 CCCUCGUCCUGGUGAACAATT UUGUUCACCAGGACGAGGGTT

si-BGN3 GCCUAGGCCACAACCAGAUTT AUCUGGUUGUGGCCUAGGCTT

Table 5 Primer Sequences Used for Real-Time PCR

Gene Sequence

GAPDH-F GAGTCAACGGATTTGGTCGT

GAPDH-R TTGATTTTGGAGGGATCTCG

BGN-F GGTCTGAAGTCTGTGCCCAA

BGN-R GAGCTCGGAGATGTCGTTGT

COL11A1-F GCTGACGGGAAGTGGCA

COL11A1-R TCTATCAAGTGGTTTCGTGGTTT

PLK-1-F GCTTTGCCAAGTGCTTCGAG

PLK-1-R AATCCTACGACGTGCTGGTG
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Discussion
Researchers had previously observed that BGN and 
COL11A1 were highly expressed in various tumors and that 
expression levels were closely correlated with both tumor 
incidence and prognosis. Therefore, we used gene chip tech-
nology to determine expression profiles of CRC-associated 
genes BGN and COL11A1 during initiation and progression 
of CRC. We then interpreted the results using bioinformatics 
tools to determine functions of BGN and COL11A1 that 
might reveal additional potential prognostic biomarkers and 
CRC treatment targets for evaluation in future studies.

Effective patient screening to detect and treat early- 
stage CRC is not yet clinically possible but is critical in 
order to improve patient outcomes. Therefore, reliable 
early-stage markers of CRC are urgently needed. Using 
the TCGA database, significantly higher expression levels 
of BGN and COL11A1 were found in 286 patients versus 
levels in 41 healthy controls, with expression of BGN and 
COL11A1 in late-stage CRC significantly higher than in 
early-stage CRC. Here we also studied clinical and para-
cancerous tissues that had been omitted from previous 
studies and verified cell and serum results obtained here 
via qRT-PCR and ELISA. Notably, all results aligned with 
TCGA results, with expression levels of BGN and 
COL11A1 in tumors, CRC cells, and CRC patient sera all 
higher than in corresponding healthy control samples. In 
addition, it was also found that BGN and COL11A1 levels 
were closely associated with CRC patient prognosis, high-
lighting the potential value of BGN and COL11A1 as 
biomarkers for CRC staging and for disease prognosis.

To discover genes functionally related to BGN and 
COL11A1, GO and KEGG analysis were conducted and 
demonstrated that the BGN and COL11A1 biological inter-
action network participated in ECM-receptor pathway acti-
vation. Importantly, this result aligned with the results of 
previous reports showing that various genes influenced 
cancer cell biological properties by modulating the ECM- 
receptor interaction pathway.31–33 Among genes whose 
expression profiles were positively correlated to BGN 
and COL11A1 expression, the top four genes associated 
with each of BGN and COL11A1 were studied further. 
Genes associated with BGN expression included AEBP1, 
MXRA8, COL1A1, and CCDC8, while genes associated 
with COL11A1 expression included THBS2, COL1A2, 
COL10A1, and NTM. Functional relationships were 
found between these eight genes in 379 CRC patients, of 
which AEBP1, COL1A1, CCDC8, THBS2, COL1A2, 
COL10A1, and NTM had been shown previously to be 
closely related to cancer incidence or CRC cell biological 
behavior.34–42 Using the TRRUST database to reveal key 
regulatory factors associated with BGN and COL11A1 
expression and the top four related genes for each, we 
found that two transcription factors, RELA and NFKB1, 
were associated with expression of BGN and its four 
related genes, while transcription factors CEBPZ and 
SIRT1 were associated with expression of COL11A1 and 
its four related genes. Interestingly, RELA phosphorylation 
is known to be involved in disease progression through 
regulation of NF-KB signal transduction pathways known 
to be important for controlling inflammatory diseases and 
cancer.43 Moreover, RELA has been implicated in 

Figure 4 Protein-protein interaction (PPI) network and functional analysis indicating the gene set that was enriched in the target network of kinases by GeneMANIA. 
Protein-protein interaction network of kinase_PLK1-target (A) and kinase_LYN-target (B) networks. The different colors for the network nodes indicate the biological 
functions of the set of enrichment genes. (C). The expression of PLK1 was significantly down-regulated in HCT116 and DLD-1 cells transfected with siBGN compared with 
cells transfected with control.**p < 0.01 compared with NC.
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oncogene-dependent progression of precancerous lesions, 
while NFKB1 has been shown to inhibit abnormal NF-KB 
signal pathway activation, cancer occurrence, and 

development of various cancers.44,45 Furthermore, the 
BGN/TLR4/NF-KB pathway has been shown to mediate 
epigenetic silencing of an immunosuppressive siglec 

Figure 5 The expression of BGN and COL11A1 in cells and the effect of BGN knock-down on CRC cell proliferation. (A) The expression of BGN protein was tested by 
Western blot analysis. (B) The expression of BGN in cells was tested by Western blot analysis. (C and E) The expression of BGN was significantly down-regulated in 
HCT116 and DLD-1 cells transfected with siBGN2 compared with cells transfected with NC. (D and F) Cell viability of HCT116 and DLD-1 cells was measured by CCK-8 
assay. (G) The colony formation assay and statistical results in HCT116 and DLD-1. Data are represent as the mean ± SD, The significance between control and NC group 
and between NC and siBGN group were shown. *p < 0.05,**p < 0.01.
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ligand in CRC cells, while CEBPZ acts as a DNA-binding 
transcriptional activator, regulates heat shock protein 70 
(HSP70) promoter activity in a CCAAT-dependent man-
ner, participates in cell growth and differentiation (espe-
cially hematopoietic differentiation), and contributes to 
leukemia occurrence when its expression is disordered.46 

In addition, the gene Sirtuin-1 (SIRT1) encodes member of 
the type III histone deacetylase (HDAC) family, the mem-
bers of which are widely involved in gene regulation, 
maintenance of genomic stability, apoptosis, autophagy, 
senescence, proliferation, senescence, and 
tumorigenesis.47 From these results, we speculate that an 
in-depth study of the relationship between these genes and 
BGN and COL11A1 would help reveal roles of BGN and 
COL11A1 in CRC.

From a functional standpoint, interactions between 
COL11A1 and its related kinase mainly reflect this gene’s 
roles in regulating cell surface receptor signaling pathways 
and exerting DNA binding-dependent sequence-specific 
effects to influence RNA polymerase II transcription that 
ultimately modulates the immune response. Meanwhile, 
the interrelationship between these genes further indicates 
that COL11A1 expression could be used to monitor CRC 
patient immune status and that high expression of 
COL11A1 in CRC influences transcription-based pro-
cesses. By contrast, BGN pathways mainly alter processes 
of DNA replication, cell cycle progression, and cell pro-
liferation. Nevertheless, we found that kinases PLK1 and 
LYN are possible targets of differential expression of BGN 
and COL11A1, respectively. In humans, polo-like kinase 1 

Figure 6 The effect of BGN down-regulation on CRC cell apoptosis and cell cycle. (A) Apoptosis cell proportion of HCT116 and DLD-1 cells was detected by flow 
cytometry. (B) Cell cycle of HCT116 and DLD-1 cells was also measured by flow cytometry. Data are represent as the mean ± SD, *p < 0.05, **p < 0.01 compared to NC 
group.
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(PLK1) controls cell cycling and cell division and is thus 
closely associated with cell proliferation.54 Notably, PLK1 
expression levels in CRC patients exceed levels in paired 
normal mucosa of the same patients, with poorer prognosis 
associated with a greater degree of PLK1 
overexpression.55 In addition, the down-regulation of 
BGN is accompanied by changes in the expression of 
PLK1 mRNA, which further proves that the possible asso-
ciated expression of BGN and PLK1 promotes the occur-
rence and development of CRC. Indeed, BGN may 
regulate cell proliferation, cell division, and cell cycle 
progression by regulating PLK1 kinase activity to ulti-
mately affect CRC course. Meanwhile, LYN kinase activity 
has been shown to be associated with metastatic and other 

biological behaviors of advanced-stage CRC cells (prolif-
eration, migration, invasion, and apoptosis) and closely 
related to various immune cell activities; these observa-
tions are consistent with functions of abovementioned 
pathways mainly associated with COL11A1 
expression.56,57

Our study showed that increases in BGN and COL11A1 
expression levels play vital roles in CRC development, 
with analysis of BGN effects on biological behavior of 
CRC cells revealing that BGN expression promotes cell 
proliferation, invasion, and migration. After knocking out 
BGN expression, the apoptosis rate increased, while cell 
cycle G0-G1 progression was significantly blocked. These 
results are consistent with functional BGN associations 

Figure 7 The effect of BGN down-regulation on cell invasion, migration. (A) Cell invasion of HCT116 and DLD-1 cells. (B) Cell migration of HCT116 and DLD-1 cells. 
Data are represent as the mean ± SD, **p < 0.01 compared to NC group.
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with kinase transcription factors networks predicted using 
bioinformatics tools. Furthermore, we found that miRNA- 
6828-5p could regulate BGN expression and this relation-
ship will be a research focus of future studies.

CD4+ cells, CD8+ cells, macrophages, and neutrophils 
play important roles in processes known to inhibit 
cancers.48–51 Indeed, an increasing body of evidence sug-
gests that immune cell infiltration can affect tumor pro-
gression and recurrence as an important determinant of 
immunotherapeutic response and clinical outcome.52,53 

At present, we routinely monitor levels of immune mole-
cules to predict patient prognosis, but such testing usually 
requires sophisticated instruments and incurs high costs, 
highlighting the need for easy-to-operate test platforms. In 
our research herein, we observed a significant correlation 

between expression of BGN or COL11A1 and tumor infil-
tration by six types of immune cells (B cells, CD8+ 
T cells, CD4+ T cells, macrophages, neutrophils, and den-
dritic cells). Therefore, in addition to their use as prognos-
tic indicators, BGN and COL11A1 expression levels could 
also serve as biomarkers for low-cost rapid testing to 
determine patient immune status. Nevertheless, analysis 
of transcriptional levels only reveals some but not all 
aspects of immune status, warranting the need for addi-
tional independent cohort studies and in vitro or in vivo 
studies to verify our results.

Nevertheless, our work still has certain limitations. For 
example, the function of BGN is only verified in vitro, the 
molecular mechanism of COL11A1 or BGN and tumor- 
related has not been studied, the regulation between PLK1 

Figure 8 The correlation between BGN (A) and COL11A1 (B) and immune cell infiltration by TIMER.

Figure 9 miR-6828-5p regulated the expression of BGN. (A) Venn diagrams of miRNAs regulating BGN found in three databases. (B) The binding or mutation (red) sites of 
BGN with miR-6828-5p. (C) HCT116 cells were transfected with control miR-6828-5p mimics, pmirGLO-BGN-3ʹUTR and pmirGLOBGN-3ʹUTR mut for 24 h. Luciferase 
activity was measured. (D) HCT116 cells were transfected with control and miR-6828-5p mimic for 24 h, the mRNA or protein expression of BGN was measured. Data are 
represent as the mean ± SD, **p < 0.01 compared to NC group.
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and BGN and between miR-6828-5p and BGN 
Mechanism and so on, we will continue to study in-depth 
in the future.

In summary, we speculate that use of BGN and 
COL11A1 as CRC biomarkers would improve CRC sta-
ging, while also providing several novel targets for use in 
the development of more effective CRC treatments. 
Moreover, we sincerely hope that our results will provide 
novel insights to guide design of new immunotherapeutic 
drugs for treating CRC and will provide biomarkers to 
facilitate earlier CRC diagnosis, earlier treatment initia-
tion, better monitoring of treatment progress, and more 
accurate prognostic prediction of CRC patient survival.

Conclusion
We speculate that use of BGN and COL11A1 as CRC 
biomarkers would improve CRC staging, while also pro-
viding several novel targets for use in the development of 
more effective CRC treatments.
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