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Abstract

Objective: To investigate the role of biglycan (BGN) in colon cancer progression.

Methods: The association between BGN mRNA levels and the survival time of patients with

colon cancer was analysed by referencing data from the Gene Expression Omnibus and The

Cancer Genome Atlas (TCGA). Gene Set Enrichment Analysis (GSEA) was conducted to explore

gene sets and pathways associated with BGN. In vitro analyses were undertaken in HCT116 cells

to analyse cell proliferation, migration, invasion, cell cycle control and apoptosis. GSEA, Western

blot analysis and small interfering RNAs were used to explore the molecular mechanisms of BGN

in colon cancer cells.

Results: Analysis of the pairs of tissues from colon cancer patients showed that BGN protein

levels were higher in colon cancer tissues compared with adjacent non-tumour tissues. High

BGN levels were significantly associated with shorter survival times. BGN knockdown inhibited

cell proliferation, migration and invasion; and induced cell cycle arrest in the G0/G1 phase and

promoted apoptosis in HCT116 cells. GSEA found that BGN might affect tumour progression via

the mitogen-activated protein kinase (MAPK) signalling pathway.

Conclusion: BGN might promote colon cancer progression via the MAPK signalling pathway

and could be a potential target for future novel therapeutic strategies.
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Introduction

Colon cancer is one of the most common
malignant tumours of the digestive tract,
which is characterized by extremely high
morbidity and mortality rates, making it
the fourth leading cause of cancer-related
death worldwide.1 In recent years, the inci-
dence of colon cancer in China has rapidly
increased, severely threatening public health.2

Although the clinical outcomes for colon
cancer patients have significantly improved
with the development of new treatments,
colon cancer remains a lethal disease, with
a 5-year survival rate of only 42.7%.1

Therefore, in-depth research into the patho-
genesis of colon cancer is crucial for the
development of effective treatment strategies
and the improvement of patient survival.

Biglycan (BGN) is a member of the small
leucine-rich proteoglycan (SLRP) family of
proteoglycans that are present in the extra-
cellular matrix (ECM), which play roles in
immune system regulation, bone growth,
muscle development and regeneration, and
collagen fibril assembly.3–8 Emerging evi-
dence suggests that BGN plays an impor-
tant role in various aspects of cancer
biology, including cancer cell proliferation,
cell cycle, chemotherapy resistance and
epithelial–mesenchymal transition.9–12

Previous studies have found that BGN is
highly expressed in various tumour tissues,
including prostate, ovarian, gastric and
colon cancer.13–16 Moreover, a previous
study found that BGN was strongly
expressed in both mouse and human
tumour endothelial cells and that downre-
gulation of BGN inhibited their migra-
tion.17 However, the role and underlying
mechanisms of BGN in colon cancer
remain to be further elucidated.

The present study aimed to evaluate the
relationship between BGN mRNA and pro-
tein levels and clinical characteristics of
patients with colon cancer. In addition,
the effect of BGN on cell proliferation,

migration, invasion, cell cycle and apoptosis
of colon cancer cells was investigated in vitro.

Mechanistically, Gene Set Enrichment
Analysis (GSEA) results indicated that

BGN was closely related to the mitogen-
activated protein kinase (MAPK) signalling

pathway. The effect of BGN knockdown on
p38 and the ERK1/2 signal pathway was

investigated to explore the regulatory mecha-
nism of BGN in colon cancer.

Patients and methods

Bioinformatics analysis

The association between BGN mRNA

levels and the survival time of patients
with colon cancer was analysed by referenc-

ing data from the Gene Expression
Omnibus (GEO, GSE20916 and

GSE39582; http://www.ncbi.nlm.nih.gov/
geo) and The Cancer Genome Atlas

(TCGA; http://gdc.cancer.gov). GSEA
was conducted to explore gene sets and

pathways associated with BGN using data
obtained from TCGA.

Patients and tissue samples

A total of 47 pairs of tumour tissues and
adjacent normal tissue samples were obtained

from consecutive colon cancer patients col-
lected between July 2015 and July 2017

from the Department of Molecular
Diagnostics, The Tenth Affiliated Hospital,

Southern Medical University, Dongguan,
Guangdong Province, China. None of the

patients had received radiotherapy or chemo-
therapy prior to surgery. Tumour specimens

were collected from the luminal surface, while
paired adjacent normal tissues were obtained

from the bowel wall, 2-cm away from the
tumour margin. The diagnosis of colon

cancer was confirmed through pathological
examination.

This study was conducted in accordance
with the principles of the Declaration of
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Helsinki. Written informed consent was

obtained from all patients. Specimens were

handled and anonymized according to eth-
ical and legal standards. This study

was approved by the Ethics Committee of

the Tenth Affiliated Hospital, Southern

Medical University on 2 June 2015 (no.

KYKT-2015-004X).

Quantitative real-time polymerase chain

reaction

Total cellular RNA was extracted from 50

mg tissue or 1� 106 cells using TRIzolVR

reagent (InvitrogenTM, Carlsbad, CA,

USA) according to the manufacturer’s

instructions. Quantitative real-time poly-

merase chain reaction (qRT-PCR) was

performed using the SYBRVR Green
PCR kit (TaKaRa, Dalian, China) in

QuantStudioTM 3 (Thermo Fisher Scientific,

Waltham, MA, USA). The levels of BGN

mRNA were normalized to the levels of glyc-

eraldehyde 3-phosphate dehydrogenase

(GAPDH) mRNA and calculated using the
2�DDCt method. The primers used in this

qRT-PCR were as follows: human BGN for-

ward: 50-CAGTGGCTTTGAACCTGGAG-

30; human BGN reverse: 50-GGGAGGTCT

TTGGGGATGC-30; human GAPDH for-

ward: 50-GCACCGTCAAGGCTGAGAA
C-30; human GAPDH reverse: 50-TGGTG

AAGACGCCAGTGGA-30. All primers

were designed and synthesized by Sangon

Biotech (Shanghai, China). The cycling pro-

gramme involved preliminary denaturation at

95�C for 10min, followed by 40 cycles of
denaturation at 95�C for 15 s, annealing and

elongation at 60�C for 1min.

Immunohistochemistry

Tissue specimens from 93 cases of colon

cancer were fixed in 10% formalin and

embedded in paraffin for BGN immunohis-
tochemistry. After deparaffinization, anti-

gen retrieval was performed by heating the

slides in sodium citrate buffer (pH 6.0) in a
microwave (approximately 95–100�C) for
20 minutes. Following hydration and
blocking, the sections were incubated over-
night at 4�C with a rabbit antihuman anti-
body for BGN (dilution 1:500; AbcamVR ,
Cambridge, MA, USA). Subsequently, the
sections were washed three times with
0.01M phosphate-buffered saline (PBS,
pH 7.2) and incubated with a horseradish
peroxidase-conjugated goat antirabbit sec-
ondary antibody (1:2000 dilution) for
60min at room temperature. Lastly, the
slides were washed with 0.01 M PBS (pH
7.2) three times and stained with 3, 3’-
diaminobenzidine (Beyotime, Shanghai,
China). Two pathologists (Y.Z. & G.L.)
scored the BGN immunoreactivity based
on staining intensity. Staining intensity
was defined using the following criteria:
absent, 0; slightly yellow, 1; yellow-brown,
2; and brown, 3. The percentage of staining
was scored as follows: 0 (0–4%), 1 (5–25%),
2 (26–50%) and 3 (51–100%). The immu-
noreactivity scores (IRS) of each specimen
were the sum of the intensity and percent-
age scores. Samples were divided into low
(IRS� 1) and high (IRS> 1) groups based
on BGN immunohistochemistry staining
levels.

Cell culture and transfection

The human colon cancer cell line HCT116
was obtained from American Type Culture
Collection (RRID: CVCL_0291) and cul-
tured in RPMI 1640 medium (Gibco,
Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (Gibco) at 37�C
in an atmosphere containing 5% CO2. For
BGN downregulation, small interfering
RNAs (siRNAs) targeting the BGN coding
sequence were synthesized by Guangzhou
RiboBio Co., Ltd. (Guangzhou, China)
and transfected into HCT116 cells using
Lipofectamine 3000 (InvitrogenTM). The
siRNA sequences were as follows:
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siBGN-1: F50-UCUGAAGUCUGUGCCC

AAATT-30, R50-UUUGGGCACAGACU

UCAGATT-30; siBGN-3: F50-GCCAUUC

AUGAUGAACGAUTT-30, R50-AUCGU

UCAUCAUGAAUGGCTT-30.

Western blot analysis

A total of 1� 106 colon cancer cells were

lysed in cold RIPA Lysis and Extraction

buffer containing protease inhibitors

(Thermo Fisher Scientific). Protein concen-

trations were determined using the BCA

Protein Assay Kit (Nanjing KeyGen

Biotech Co., Ltd., Nanjing, China). The

extracted proteins were separated by

sodium dodecyl sulphate–polyacrylamide

gel electrophoresis and then transferred

onto polyvinylidene fluoride membranes

(Millipore, Billerica, MA, USA). After

blocking with 5% non-fat milk for 1 h at

room temperature, the membranes were

incubated overnight at 4�C with rabbit anti-

human antibodies for BGN, p38, p-p38,

ERK1/2, p-ERK1/2 and a-tubulin (dilution

1:1000; AbcamVR ). The following day, after

three washes in Tris-buffered saline-Tween-

20 (TBST; pH 7.5; 20mmol/l Tris-HCl,

150mmol/l sodium chloride, 0.1% Tween-

20), the membranes were incubated with

goat antirabbit secondary antibody (dilu-

tion 1:5000; Santa Cruz, Dallas, Texas,

USA) for 1 h at room temperature. They

were then washed three times with TBST

(pH 7.5). Finally, the targeted proteins

were detected using enhanced chemilumi-

nescence (Millipore).

Cell viability

Cell viability of HCT116 cells was assessed

using the Cell Counting Kit-8 (CCK-8;

Nanjing KeyGen Biotech Co., Ltd.).

BGN-knockdown HCT116 cells were

seeded at a density of 1� 104 cells/well in

96-well plates and cultured in an incubator

for the indicated times (0, 24, 48 and 72 h).

Subsequently, 10 ml of CCK-8 solution was
added to each well, followed by a 2-h incu-
bation period. The absorbance at 450 nm
was measured using a spectrophotometer
(Thermo Fisher Scientific).

Scratch wound healing assay

The transfected HCT116 cells were seeded
into 6-well plates and allowed to grow until
nearly confluent. A 10-ml pipette tip was
used to create a scratch in the cell monolay-
er. To prevent cell division, a serum-free
medium with 4 mg/ml mitomycin (Sigma-
Aldrich, St Louis, MO, USA) was added.
Images were captured at 0 and 24 h and the
data are presented as the relative distance
between the two edges.

Cell invasion assay

Cell invasion assays were carried out
using MatrigelVR transwellVR inserts (BD
Biosciences, San Jose, CA, USA). Serum-
free medium was added to the upper cham-
ber, while the lower chamber contained
growth medium. After 24 h of incubation,
the membrane of the chamber was stained
with a 50% methanol blue/ethanol solution
overnight. The invasiveness of the cells was
evaluated by counting the number of cells
that had migrated through the membrane.

Flow cytometric analysis of cell cycle

The effect of BGN on cell cycle arrest in
colon cancer cells was detected using a
flow cytometer (FACSCaliburTM; BD
Biosciences). Briefly, the transfected
HCT116 cells were collected and fixed in
70% ethanol at 4�C overnight. The cells
were then stained with propidium iodide
(PI)/RNase staining solution (BD
Biosciences) for 30min at room tempera-
ture in the dark. The cell cycle distribution
was subsequently analysed using a flow
cytometer based on the DNA content in
the HCT116 cells.
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Cell apoptosis assay

The percentage of apoptotic cells was
assessed using the Annexin V-fluorescein iso-
thiocyanate (FITC)/PI apoptosis detection
kit (Nanjing KeyGen Biotech Co., Ltd.).
Briefly, transfected HCT116 cells were col-
lected, washed with ice-cold 0.01M PBS
(pH 7.2) and then resuspended in 500ml of
binding buffer containing 5ml of Annexin
V-FITC and 5ml of PI. The cells were incu-
bated in the dark for 15min. Apoptotic cells
were then quantified using a flow cytometer
(FACSCaliburTM; BD Biosciences).

Statistical analyses

All statistical analyses were performed
using GraphPad Prism 9 (Graphpad
Software Inc., San Diego, CA, USA).
Unpaired Student’s t-test was used to exam-
ine the statistical significance of compari-
sons between two groups. Survival curves
were plotted and compared using the
Kaplan–Meier method. A P-value <0.05
was considered statistically significant.

Results

Biglycan expression data and correspond-
ing clinical information were obtained
from the TCGA database and GEO
(GSE20916 and GSE39582). Analysis of
BGN mRNA level profiles in TCGA and
GEO revealed that BGN mRNA levels
were higher in colon cancer tissues than in
adjacent normal tissues (Figures 1a–1c).
The results from the collected samples
showed that BGN mRNA levels were
higher in 47 fresh cancer tissues from
patients with colon cancer compared with
47 adjacent normal tissues (Figure 1d).
The relationship between BGN mRNA
levels and both overall survival and
disease-free survival were then analysed.
The levels of BGN mRNA were significant-
ly associated with both overall survival and
disease-free survival times (P¼ 0.0023 and

P¼ 0.0074, respectively); and high BGN
mRNA levels indicated worse clinical out-
comes (Figures 1e and 1f).

Biglycan protein levels in colon cancer
and adjacent normal tissues were analysed
using tissue array analysis (Figure 2a).
BGN protein levels were significantly asso-
ciated with both overall survival and
disease-free survival times (P< 0.001 for
both); and high levels indicated worse clin-
ical outcomes (Figures 2b and 2c).

To investigate the role and molecular
mechanisms of BGN in colon cancer, the
HCT116 colon cancer cell line was trans-
fected with siRNAs targeting BGN and
control siRNA. BGN protein levels were
measured using Western blot analysis. The
results indicated that BGN protein levels
were decreased in cells transfected with
BGN-siRNA compared with the control
group (Figure 3a). Cell viability was then
assessed using a CCK-8 assay in BGN
knockdown HCT116 cells. As shown in
Figure 3b, cell viability was significantly
inhibited 48 h after BGN knockdown com-
pared with the control group (P< 0.01). In
addition, the cell cycle in the BGN knock-
down groups was arrested in the G0/G1
phase (Figure 4a). These results demon-
strate that BGN knockdown inhibits the
proliferation of colon cancer cells in vitro.
Furthermore, BGN knockdown increased
the percentage of apoptotic HCT116 cells
(Figure 4b), indicating that BGN knock-
down promotes apoptosis in colon cancer
cells in vitro.

To further investigate the function of
BGN in colon cancer, scratch wound heal-
ing and MatrigelVR transwellVR assays were
undertaken to assess the role of BGN in
cell motility. The results of the scratch
wound healing assays indicated that cells
transfected with BGN-siRNA closed the
scratch wounds more slowly than control
cells at 24 h in the HCT116 cell line
(Figure 5a). In addition, the results of the
MatrigelVR transwellVR assays demonstrated
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that the number of invasive HCT116 cells in

the BGN-siRNA groups was lower than

that in the control group (Figure 5b).
To further explore the mechanisms of

BGN in colon cancer cells, GSEA was per-

formed to identify gene sets and pathways

associated with BGN, using data obtained

from TCGA. This found significant corre-

lations between BGN and gene sets in focal

adhesion, cell adhesion molecules and the

MAPK signalling pathway (Figures 6a

and 6b). The levels of key components of

the MAPK signalling pathway were then

measured by Western blot analysis in

BGN-knockdown HCT116 cells. The

results showed that the levels of p-p38

were increased, while levels of p-ERK1/2

were decreased in the BGN-knockdown

HCT116 cells compared with the control

cells (Figures 6c and 6d).

Figure 1. Biglycan (BGN) mRNA levels were upregulated in colon cancer and correlated with prognosis.
BGN mRNA levels in colon cancer tissues (T) and normal tissues (N) were analysed using data from The
Cancer Genome Atlas (TCGA; tumour, n¼ 275; normal, n¼ 349) (a) (central black line is the mean; the
extremities of the box are the 25th and 75th percentiles; error bars represent minimum and maximum
outliers); and the Gene Expression Omnibus databases (b & c; GSE20916: tumour, n¼ 66; normal, n¼ 79;
GSE39582: tumour, n¼ 19; normal, n¼ 566). (d) Levels of BGN mRNA in 47 tumour tissues and 47 adjacent
normal tissues was examined using real-time polymerase chain reaction. (e & f) Overall survival and disease-
free survival analyses using TCGA data. For b, c and d, the data are presented as mean� SD; *P< 0.05,
****P< 0.0001. The colour version of this figure is available at: http://imr.sagepub.com. COAD, Colon
Adenocarcinoma Collection.
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Figure 2. High biglycan (BGN) protein levels indicate a poor prognosis for colon cancer patients.
(a) Representative images of BGN immunostaining in tissue microarrays from 93 colon cancer patients.
(b & c) Kaplan–Meier analyses of overall survival and disease-free survival based on low and high BGN protein
levels in these 93 colon cancer patients. The colour version of this figure is available at: http://imr.sagepub.com.

Figure 3. Downregulation of biglycan (BGN) inhibits cell proliferation in HCT116 cells. (a) BGN protein
levels after small interfering RNA (siRNA) transfection in HCT116 as measured by Western blot analysis.
(b) Effect of BGN knockdown on cell viability detected by Cell Counting Kit-8 assays. n¼ 3. **P< 0.01. NC,
normal control; kDa, kilodalton. The colour version of this figure is available at: http://imr.sagepub.com.
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Discussion

The current study found that BGN mRNA

levels were higher in colon cancer tissues

than in adjacent normal tissues. Elevated

BGN mRNA levels were associated with

worse clinical outcomes in patients with

colon cancer, as determined through bioin-

formatics analysis of the TCGA and GEO

databases. The tumour samples also showed

upregulation of BGN, which indicated

worse clinical outcomes in colon cancer

patients. Moreover, BGN knockdown inhib-

ited cell proliferation, migration, invasion;

and induced cell cycle arrest in the G0/G1

phase and apoptosis in HCT116 cells.

Therefore, BGN may play a significant role

in the development of colon cancer.
Biglycan is a key SLRP that is ubiqui-

tously distributed in the ECM.18 The

ECM, composed of non-cellular compo-

nents, has unique properties that regulate

cell behaviour. It also causes dynamic

changes in the tumour microenvironment

and plays an important role in tumour pro-

gression.9,19 Previous studies have linked

the abnormal expression of BGN in
tumours with cell proliferation, migration,

metastasis and angiogenesis.15,20 Similarly,
this current study demonstrated that BGN
knockdown inhibited cell proliferation,

migration and invasion; and promoted apo-
ptosis in HCT116 cells. Analysis of cell

cycle progression further revealed that
reduced levels of BGN impacted cell cycle

distribution, specifically causing cell cycle
arrest in the G0/G1 phase. To further

explore the mechanisms of BGN in colon
cancer cells, GSEA was undertaken, which
suggested that BGN might promote colon

cancer progression through the MAPK sig-
nalling pathway. Moreover, downregula-

tion of BGN increased p-p38 levels while
decreasing p-ERK1/2.

The p38 MAPK and ERK1/2 signalling
pathways are two important subgroups

within the MAPK signalling pathway. The
imbalance of p38 MAPK expression is

closely related to tumour progression,
influencing various cancers through biolog-
ical processes such as proliferation, cell

death, migration, invasion and

Figure 4. Downregulation of biglycan (BGN) promotes apoptosis in HCT116 cells. Effect of BGN
knockdown after small interfering RNA (siRNA) transfection on the cell cycle (a) and apoptosis (b) detected
by flow cytometry. n¼ 3. *P< 0.05, **P< 0.01, ***P< 0.001. NC, normal control. The colour version of this
figure is available at: http://imr.sagepub.com.
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differentiation.21 In a previous study, long

non-coding RNA ST8SIA6-AS1 was shown

to promote proliferation, migration and

invasion by inactivating the p38 MAPK sig-

nalling pathway in human breast cancer.22

Similarly, these current results indicated

that BGN knockdown activated the p38

MAPK signalling pathway. In addition,

p38 can negatively regulate cell cycle pro-

gression by activating cyclin-dependent

kinase inhibitors or downregulating the

expression of cyclins.23,24 Interestingly,

this current study found that BGN knock-

down increased the levels of p-p38 and

caused G0/G1 phase arrest in HCT116

cells. Previous studies have confirmed that

the ERK1/2 signalling pathway plays a key

role in the onset, invasion and drug resis-

tance of various tumors.25,26 A previous

study found that overexpression of

miR-302a inhibited the proliferation and

invasion of colorectal cancer cells by sup-

pressing the MAPK/ERK and PI3K/Akt

signalling pathways.27 The current results

also showed that levels of p-ERK1/2

decreased in BGN-knockdown HCT116

cells. Thus, the current findings indicate

that BGN may promote colon cancer pro-

gression by regulating the p38 and ERK1/2

MAPK signalling pathways.
The current study had several limita-

tions. First, this study may be limited by

its sample size and population diversity,

which could have potentially impacted the

accuracy and applicability of the findings.

BGN levels can vary across different colon

cancer patients. Future research will ana-

lyse a larger cohort of colon cancer samples

and collect more comprehensive patient

information to further investigate the corre-

lation between BGN levels and the various

subtypes of colon cancer. Secondly, the

Figure 5. Downregulation of biglycan (BGN) inhibits migration and invasion in HCT116 cells. (a) Effect of
BGN knockdown after small interfering RNA (siRNA) transfection on wound healing (200� magnification).
(b) Effect of BGN knockdown on cell invasion detected by MatrigelV

R
transwellV

R
assays. n¼ 3. *P< 0.05,

***P< 0.001. NC, normal control. The colour version of this figure is available at: http://imr.sagepub.com.
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current findings were preliminary.

Future research will aim to utilize high-

throughput sequencing, in vivo experiments

and additional techniques to further explore

the role of BGN and uncover the molecular

mechanisms by which it influences colon

cancer.
In conclusion, this current study found

that BGN was upregulated in human

colon cancer and that a high level of BGN

was significantly associated with poor clin-

ical outcomes in human patients with colon

cancer. BGN promoted tumour prolifera-

tion and invasion in a colon cancer cell

line. This current study suggests that BGN

may serve as a potential therapeutic target

for colon cancer.
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