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Abstract. Non‑small cell lung cancer (NSCLC) is a major 
cause of cancer‑associated mortality worldwide, and bone 
metastasis is the most prevalent event observed in patients 
with advanced NSCLC. However, the pathogenesis of bone 
metastases has not been fully elucidated. In the present study, 
differentially expressed genes (DEGs) were identified by gene 
expression microarray analysis of NSCLC tissue samples with 
or without bone metastases. Subsequently, collagen type 6A1 
(COL6A1) was chosen as the target gene through Ingenuity 
Pathway Analysis and reverse transcription‑quantitative 
(RT‑q) PCR validation of the top eight DEGs. COL6A1 was 
overexpressed or knocked down, and the proliferation and inva‑
sion of NSCLC cells was assessed using Cell Counting Kit‑8, 
colony formation and Transwell invasion assays. Additionally, 
the osteogenic capacity of HOB and hES‑MP 002.5 cells was 
assessed using RT‑qPCR, western blotting, Alizarin Red and 
alkaline phosphatase staining. A total of 364 DEGs were iden‑
tified in NSCLC tissues with bone metastases compared with 
NSCLC tissues without bone metastases, including 140 upreg‑
ulated and 224 downregulated genes. Gene Ontology analysis 
results demonstrated that the upregulated and downregulated 
genes were primarily enriched in ‘cellular process’, ‘metabolic 
process’ and ‘biological regulation’. Kyoto Encyclopedia of 
Genes and Genomes pathway enrichment analysis revealed 
that the upregulated genes were primarily enriched in ‘cysteine 

and methionine metabolism’, ‘oxidative phosphorylation’ and 
‘ribosome’, whereas the downregulated genes were primarily 
enriched in the ‘transcriptional misregulation in cancer’, ‘ribo‑
some’ and ‘mitophagy‑animal’ pathways. COL6A1 was highly 
expressed in NSCLC tissue samples with bone metastases. 
Functionally, COL6A1 overexpression induced the prolifera‑
tion and invasion of HARA cells, and its knockdown inhibited 
the proliferation and invasion of HARA‑B4 cells. Finally, it 
was demonstrated that HOB and hES‑MP 002.5 cells exhibited 
osteogenic capacity, and overexpression of COL6A1 in HARA 
cells increased the adhesion of these cells to the osteoblasts, 
whereas knockdown of COL6A1 in HARA‑B4 cells reduced 
their adhesive ability. In conclusion, COL6A1 may serve as 
a potential diagnostic marker and therapeutic target for bone 
metastasis in NSCLC.

Introduction

Non‑small cell lung cancer (NSCLC) is one of the most 
common causes of cancer‑associated mortality, affecting ~1.5 
million individuals annually worldwide (1,2). Notable progress 
has been made in the treatment of patients with NSCLC, while 
the 5‑year survival rate is <30%, and thus, it remains a key 
challenge to public health (3). The poor prognosis of patients 
with NSCLC is generally attributed to a lack of effective treat‑
ments for advanced‑stage cancer and metastases (4). Notably, 
the bone is the preferred site of metastasis from NSCLC 
due to its abundant blood flow and high expression levels 
of adhesion molecules on tumor cells (5,6). Clinically, bone 
metastases often manifest in patients with malignant tumors, 
and are observed in 14‑40% of patients with advanced‑stage 
NSCLC (4,7,8). Furthermore, bone metastases in patients with 
NSCLC often result in skeletal‑associated morbidities, such 
as debilitating pain, fracture and spinal compression, which 
contribute to a poor prognosis and a low survival rate (9). Thus, 
early detection of bone metastasis is crucial for improving the 
clinical management of patients with advanced stage NSCLC. 
However, only a small proportion of cases of bone metas‑
tasis are accurately diagnosed, as the underlying molecular 
mechanisms are poorly understood (10).

NSCLC metastasis to the bone is a multifaceted biological 
process that involves several genes and signaling pathways, such 
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as the Wnt/β‑catenin pathway (11), MAPK/ERK pathway (12) 
and p53 pathway  (13). A clearer understanding of the key 
roles of these genes and signaling pathways in NSCLC bone 
metastasis is critical for identifying novel diagnostic markers 
or therapeutic targets. Advances in bioinformatics analysis in 
recent years have led to new approaches for disease therapy 
and diagnosis. Microarray analysis has increasingly become a 
promising tool for characterizing the molecular mechanisms of 
several types of cancer (14). In addition, determination of gene 
expression profiles combined with bioinformatics analysis 
have revealed numerous underlying molecular mechanisms 
implicated in the development of NSCLC (15,16).

The present study aimed to use high‑throughput transcrip‑
tome expression microarray analysis technology to identify 
the differentially expressed genes (DEGs) between NSCLC 
tissue samples with or without bone metastases. Furthermore, 
enriched functional categories were analyzed to reveal the 
altered signaling pathways between the two groups. Finally, the 
expression levels of collagen family collagen 6A1 (COL6A1) 
at the mRNA and protein levels were determined in order to 
determine whether COL6A1 may serve as a potential diag‑
nostic marker or therapeutic target for patients with NSCLC 
with bone metastases.

Materials and methods

Patients and sample collection. A total of 17 squamous cell 
carcinoma including 13 bone metastasis patients (age range, 
41‑76 years; median age, 56 years) and 23 adenocarcinoma 
including 6 bone metastasis patients (age range, 32‑71 years; 
median age, 53 years) tissues were collected through resec‑
tion at The Third Hospital of Hebei Medical University 
(Shijiazhuang, China) between February and September 2019. 
Normal tissues in this study were the paired adjacent tissue 
samples (2  cm from the lesion). None of the patients had 
received radiotherapy or chemotherapy prior to surgery (resec‑
tion). Samples were immediately frozen in liquid nitrogen and 
stored at ‑80˚C further use. The study protocol was approved 
by the Ethics Committee of the Third Hospital of Hebei 
Medical University (approval no. 2019‑027‑1), and all patients 
provided written informed consent.

RNA extraction and purification. Total RNA was extracted 
and purified using an RNeasy mini kit (cat. no. 74106; Qiagen 
GmbH) according to the manufacturer's protocol, and the 
RNA integrity number (RIN) was assessed to determine the 
quality of the RNA using an Agilent Bioanalyzer 2100 (Agilent 
Technologies, Inc.). RNA samples with a RIN value of 7.0 or 
28s/18s ≥0.7 were used for subsequent analysis.

RNA amplification and labeling. Total RNA was amplified and 
labeled using a Low Input Quick Amp Labeling kit, One‑Color 
(cat. no. 5190‑2305; Agilent Technologies, Inc.) according 
to the manufacturer's protocol. Labeled complementary (c)
RNA was purified using an RNeasy mini kit (cat. no. 74106; 
Qiagen GmbH).

Microarray hybridization analysis. Each slide of labeled 
cDNA was hybridized with 1.65 µg Cy3‑labeled cRNA using 
the Gene Expression Hybridization kit (cat. no. 5188‑5242; 

Agilent Technologies, Inc.) and a hybridization oven (cat. 
no. G2545A; Agilent Technologies, Inc.). Following a 17‑h 
hybridization at 42˚C, the slides were washed in staining dishes 
(Thermo Fisher Scientific, Inc.) using a Gene Expression Wash 
Buffer kit (cat. no. 5188‑5327; Agilent Technologies, Inc.).

Signal detection and data acquisition. The slides were scanned 
using an Agilent Microarray Scanner (cat. no. G2565CA; 
Agilent Technologies, Inc.) with the default settings (dye 
channel, green; scan resolution, 3 µm; photo multiplier tube, 
100%; 20‑bit scan mode). Data were extracted using Feature 
Extraction software (version 10.7; Agilent Technologies, Inc.). 
Raw data were normalized using the Quantile algorithm of the 
‘limma’ package in R software v.2.15.0 (17). All procedures 
were performed as previously described (18,19).

Data analysis. Raw data were subjected to quality control 
and preprocessing, and GeneChip Robust Multichip Average 
normalization hierarchical clustering analysis was used to 
categorize the data into two groups of different expression 
patterns  (20). Statistical analysis of gene expression was 
performed using a paired Student's t‑test, and gene expression 
was expressed as the log2‑fold change (logFC). The degree 
of gene dispersion was determined using principal compo‑
nents analysis (21). DEGs were identified with the following 
cut‑off criteria: False discovery rate‑corrected P‑value <0.05 
and |logFC|>2 (using the Benjamini and Hochberg method). 
Functional groups and biological pathway enrichment analyses 
for the common DEGs were performed using Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses (22).

Ingenuity pathway analysis (IPA). DEGs were functionally 
analyzed using the IPA software version 2.3 (Qiagen Inc.), 
which uses computational algorithms that analyze the func‑
tional connectivity of the genes from information obtained 
within the IPA database to describe functional relationships 
amongst genes or proteins. Canonical pathway analysis was 
performed using IPA. Networks were ranked according to 
their biological relevance to the provided gene list. The P‑value 
calculated using a Fisher's exact test was used to determine the 
probability.

Reverse transcription‑quantitative (RT‑q)PCR. RT‑qPCR was 
used to verify changes in the expression levels determined 
by the microarray analysis. Total RNA from pulmonary 
tumor tissue samples with and without bone metastases were 
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The quantity and purity of RNA was assessed 
by measuring the absorbance at 260 and 280 nm. A total of 
1 µg total RNA was used as a template for cDNA synthesis 
using a Reverse Transcription system kit (Takara Bio, Inc.) 
based on the manufacturer's instructions. The conditions 
for reverse transcription were as follows: 95˚ for 30 sec and 
60˚C for 30 mins. qPCR was performed using DNA Master 
SYBR® Green (Roche Diagnostics) on ABI PRISM 7500 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The thermocycling conditions for qPCR were as follows: 95˚C 
for 10 min; followed by 40 cycles of 95˚C for 10 sec, 60˚C for 
15 sec and 72˚C for 10 sec. The mean cycle quantification (Cq) 
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values from triplicate analyses were normalized to the mean 
Cq values of GAPDH, and the data were analyzed using the 
2‑∆∆Cq method (23). The primer sequences are listed in Table I.

Western blotting. Total protein was extracted from tissue 
samples using RIPA lysis buffer (cat. sc‑24948; Santa Cruz 
Biotechnology Inc.), and the protein concentration was deter‑
mined using a Bradford protein assay. Total protein (40 µg/lane) 
was loaded on a 10% SDS gel, resolved using SDS‑PAGE, 
and transferred to a PDVF membrane (MilliporeSigma). The 
PVDF membranes were blocked for 1 h with 4% milk at room 
temperature and subsequently incubated at 4˚C overnight with 
anti‑COL6A1 (1:500; cat. no. ab151422), anti‑alkaline phos‑
phatase (ALP; 1:1,000; cat. no. ab83259) or anti‑RUNX family 
transcription factor 2 (RUNX2; 1:1,000; cat. no. ab23981) (all 
Abcam) primary antibodies. After washing with 0.1% 1X 
Tris‑buffered saline‑Tween (TBST) for 3 times, the membranes 
were incubated with an HRP‑conjugated goat anti‑rabbit 
IgG H&L secondary antibody (1:2,000; cat. no.  ab6721; 
Abcam) at room temperature for 2 h prior to detection using 
an ECL substrate (Beyotime Institute of Biotechnology). 
GAPDH (1:3,000; cat. no. ab8245; Abcam) was used as the 
loading control for normalization. Densitometry analysis was 
performed using ImageJ version 1.50b (National Institutes 
of Health).

Immunohistochemistry (IHC) analysis. Surgically excised 
pulmonary tumor tissue samples (with or without bone metas‑
tases) were fixed in 4% paraformaldehyde at 4˚C for 1 h and 
embedded in paraffin. The tissue samples were sliced into 
4‑µm thick slices, which then were dehydrated using xylene 
for 15 min and 100, 95, 90, 80 and 70% ethanol for 5 min, 
and incubated in 0.01 M sodium sulphate buffer (pH=6.0) at 
100˚C for 2 min. Following washing the samples with PBS, 
the anti‑COL6A1 primary antibody (1:100; cat. no. ab151422; 
Abcam) was added and incubated at 4˚C overnight. After 
washing the samples with PBS, Goat Anti‑Rabbit IgG H&L 
(1:1,000; cat. no. ab6721; Abcam) was added and incubated 
for 30 min at 37˚C. Following staining with DAB at room 
temperature for 10 min, the slides were then counterstained 
with hematoxylin at room temperature for 20 sec and observed 
with 5 fields under a light microscope (magnification, x100).

Cell culture and osteogenic induction. A549 (cat. no. CCL‑185; 
lung adenocarcinoma), HARA (cat. no. 80005; lung squa‑
mous cell carcinoma) and NCI‑H226 (cat. no. CRL‑5826; 
lung squamous cell carcinoma) cells were obtained from the 
American Type Culture Collection. HARA‑B4 (cat. no. 1552; 
lung squamous cell carcinoma) cells were obtained from the 
JCRB Cell Bank. HPAEpic cells (cat. no. 3200) were obtained 
from ScienCell Research Laboratories, Inc.; NCI‑H1395 
cells (cat. no. CL‑0275; lung adenocarcinoma) and M‑7 cells 
(cat. no. CL‑0539) were obtained from Procell Life Science 
& Technology Co., Ltd.; HOB cells (cat. no. 406‑05A) were 
obtained from Sigma‑Aldrich; Merck KGaA; and hES‑MP 
002.5 cells (cat. no. Y10090) were obtained from Cellartis (24). 
HPAEpic, A549, HARA, NCI‑H226, HARA‑B4 and NCI‑1395 
cells were cultured in DMEM (Thermo Fisher Scientific, Inc.) 
with 10% FBS (Hyclone; Cytiva). HOB, hES‑MP 002.5 and 
M‑7 cells were maintained in high‑glucose DMEM (Hyclone; 

Cytiva) with 10% FBS. All cells were incubated at 37˚C with 
5%  CO2 in a humidified incubator. HOB, hES‑MP  002.5 
and M‑7 cells were induced using osteoblast inducing condi‑
tional media (cat. no. CTCC Y001; Wuxi Puhe Biomedical 
Technology Co., Ltd.) for 14 days.

Cell transfection. COL6A1 pcRNA3.1(+) overexpression 
plasmid (3,105  bp), empty vector pcDNA3.1(+), COL6A1 
short hairpin (sh)RNA (sh‑COL6A1) and sh‑negative control 
(sh‑NC) were purchased from Synbio Technologies. The 
sequences of the shRNAs targeting COL6A1 were 5'‑GCC​
TGC​AGA​ACT​TCG​AGA​TTG‑3' and 5'‑CAA​TCT​CGA​AGT​
TCT​GCA​GGC‑3'; the sequence of sh‑NC was 5'‑CCT​TCT​
GTT​CGT​GGT​ACA​CCG‑3'. HARA cells (5x104 cells/well) in 
a 6‑well plate were transfected with COL6A1‑overexpression 
plasmid (500 ng/µl) or the empty vector (500 ng/µl); HARA‑B4 
cells (5x104 cells/well) in a 6‑well plate were transfected with 
sh‑COL6A1 (40 ng/µl) or sh‑NC (40 ng/µl). All transfections 
were performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) at 37˚C for 48 h according to 
the manufacturer's protocol. After transfection for 48 h, the 

Table I. Sequences of primers used in the present study.

		  Product
		  length,
Gene	 Sequence (5'‑3')	 bp

GAPDH	 F: TGTTCGTCATGGGTGTGAAC	 154
	 R: ATGGCATGGACTGTGGTCAT	
ALP	 F: ACTGGGGCCTGAGATACCC	 185
	 R: TCGTGTTGCACTGGTTAAAGC	
RUNX2	 F: TGGTTACTGTCATGGCGGGTA	 101
	 R: TCTCAGATCGTTGAACCTTGCTA	
COA3	 F: CTGGATTCTAAGCGTGGAGAG	 236
	 R: AGCTCATCTAGGAAACGCTC	
APPL1	 F: GACAGCCCGCAGACAAG	 136
	 R: GGTGTGTTGCTGCACTTAAT	
COL6A1 	 F: ACACCGACTGCGCTATCAAG	 90
	 R: CGGTCACCACAATCAGGTACTT	
TERF1 	 F: ACAGCGCAGAGGCTATTATTC	 121
	 R: TCAAACTGTGCATCAAGGGT	
TST 	 F: TATCAGTGCTCAATGGTGGC	 104
	 R: GTCCAGTGTGGCTTTGAAGA	
CD133 	 F: AAACCTGCAACAGCATCAGA	 150
	 R: GGGATTGATAGCCCTGTTGG	
RALY 	 F: CCCAAGTCCATCAACTCTCG	 268
	 R: CTGCTCTCTTTAGCCCCTTG	
Prominin2 	F: CTCCGTGAAGGTGAATGAGG	 159
	 R: TTGTGCTCTGTCTTCACTCG	

ALP, alkaline phosphatase; RUNX2, RUNX family transcription 
factor 2; COA3, cytochrome c oxidase assembly factor 3; APPL1, 
adaptor protein phosphotyrosine interacting with PH domain and 
leucine zipper 1; COL6A1, collagen type 6A1; TERF1, telomeric 
repeat binding factor 1; TST, thiosulfate sulfurtransferase; RALY, 
RALY heterogenous nuclear ribonucleoprotein; F, forward; R, reverse.
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transfection efficiency was determined using RT‑qPCR and 
the subsequent experiments were also conducted.

Cell proliferation assay. The Cell Counting Kit‑8 (CCK‑8) 
assay was used to assess cell proliferation. HARA and 
HARA‑B4 cells (2x103  cells/well) were plated in 96‑well 
plates and transfected as aforementioned for 24  h. After 
additional cultures for 0, 24, 48 or 72 h at 37˚C, each well 
was added with a total of 10 µl CCK‑8 solution (Dojindo 
Molecular Technologies, Inc.). After incubation for 3 h at 37˚C, 
the optical density was measured at 450 nm. For the colony 
formation assays, the transfected HARA and HARA‑B4 cells 
(1x103 cells/well) were plated in a 6‑well plate and routinely 
cultured for 14 days. Cell colonies were fixed with 4% para‑
formaldehyde (Beyotime, cat. no. P0099) at room temperature 
for 15  min and stained using 0.1%  crystal violet at room 

temperature for 10 min. The colonies (comprising >50 cells) 
were observed and calculated using a light microscope (DP72; 
Olympus Corporation) (magnification, x100).

Transwell assay. Transwell invasion assays were performed 
as previously described  (25), using Transwell inserts (BD 
Biosciences) pre‑coated with Matrigel at 37˚C for 30 min. 
Brief ly, the transfected HARA and HARA‑B4 cells 
(3x104 cells) in serum‑free medium were added into the top of 
Transwell chambers, while medium with 15% FBS was added 
to the lower chamber. After a 24 h incubation, we removed 
the non‑invading cells, and the invaded cells were fixed 
with 95% ethanol for 15 min and stained with 0.1% crystal 
violet for 5 min. The invaded cells in 5 fields were obtained 
under a light microscope (DP72; Olympus Corporation) 
(magnification, x100).

Figure 1. Expression profile of the DEGs between the NSCLC tissue samples with and without bone metastases. (A) Scatter plot representing the overall 
distribution of the two sets of data. Red, upregulated genes; blue, downregulated genes. (B) Volcano plot of the significant DEGs between NSCLC tissue 
samples with or without bone metastases. (C) Heatmap of the expression profile of the DEGs. DEG, differentially expressed gene; NSCLC, non‑small cell lung 
cancer; FC, fold‑change.
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Alizarin red and ALP staining. A total of 1x103 HOB, hES‑MP 
002.5 or M‑7 cells were plated per a well in a 96‑well plate. 
Following osteogenic induction for 14 days, the cells were 

stained using an Alizarin Red Staining kit (cat. no. CTCC 
JD001; Wuxi Puhe Biomedical Technology Co., Ltd.), and ALP 
staining was performed using a specific kit (cat. no. CTCC 

Figure 2. GO and KEGG analysis of DEGs. (A and B) GO analysis of the (A) upregulated and (B) downregulated genes in NSCLC tissues with bone metas‑
tases. (C and D) KEGG pathway enrichment analysis of the (C) upregulated and (D) downregulated genes in NSCLC tissues with bone metastases. GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEG, differentially expressed gene; NSCLC, non‑small cell lung cancer.
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JD002; Wuxi Puhe Biomedical Technology Co., Ltd.). Both 
kits were used according to the manufacturer's instructions.

Cell adhesion assay. As described in a previous study (26), 
HOB, hES‑MP 002.5 and M‑7 cells were cultured in 6‑well 
plates. A total of 1x103 HARA‑B4 cells expressing COL6A1 
overexpression plasmid were co‑cultured with HOB, hES‑MP 
002.5 or M‑7 cells for 30 min at 37˚C with 5% CO2. The treated 
HARA‑B4 cells (1x103 cells/well) were overlaid directly in a 
dish and incubated for 30 min at 37˚C with 5% CO2. The cells 
were subsequently washed with PBS and fixed with 4% para‑
formaldehyde at room temperature for 15 min. The adherent 
GFP‑expressing cells in 5 fields were observed and counted 
under a fluorescence microscope (magnification, x100).

Statistical analysis. All measurement data are represented 
as mean ± SD of 3 experimental repeats. Statistical analysis 
was performed using GraphPad Prism version 8 (GraphPad 

Software, Inc.). Differences between groups were compared 
using paired or unpaired Student's t‑test or one‑way ANOVA 
followed by Bonferroni's correction. Data were derived from 
at least three independent experiments. P<0.05 was considered 
to indicate a statistically significant difference.

Results

DEGs between NSCLC tissue samples with or without bone 
metastases. In order to analyze the expression profile of 
genes in NSCLC with bone metastasis, microarray analysis 
was performed on NSCLC tissue samples with and without 
bone metastases. First, principal components analysis  (21) 
demonstrated a segregation between the non‑metastatic and 
metastatic NSCLC tissue samples (Fig. S1). Scatter plot anal‑
ysis of the overall distribution of data for the upregulated (red), 
downregulated (blue) and unchanged (gray) genes in Fig. 1A 
further highlighted the differences between the samples. 

Figure 3. Network analysis using IPA and verification of the eight most differentially expressed genes using RT‑qPCR in NSCLC. (A) Top networks of genes 
were displayed using IPA of NSCLC tissue samples with bone metastases. (B‑I) RT‑qPCR analysis was performed to confirm the expression levels of (B) TST, 
(C) TERF1, (D) APPL1, (E) COA3, (F) CD133, (G) Prominin 2, (H) RALY and (I) COL6A1 in NSCLC tissues and normal tissues. ***P<0.001. IPA, Ingenuity 
Pathway Analysis; RT‑qPCR, reverse transcription‑quantitative PCR; COL6A1, collagen type 6A1; TST, thiosulfate sufurtransferase; APPL1, adaptor protein 
phosphotyrosine interacting with PH domain and leucine zipper 1; COA3, cytochrome c oxidase assembly factor 3; TERF1, telomeric repeat‑binding factor 1; 
RALY, RALY heterogenous nuclear ribonucleoprotein.



ONCOLOGY LETTERS  22:  693,  2021 7

A volcano plot was generated to display the significant DEGs 
between NSCLC tissue samples with or without bone metas‑
tases (Fig. 1B). A total of 364 DEGs were identified, including 
140 upregulated and 224 downregulated genes in NSCLC 
tissue samples with bone metastases using the cut‑off criteria 
|log2FC|>2.0 and P<0.05. The expression profile of the DEGs 
is presented as a heatmap (Fig. 1C). Additional detailed infor‑
mation on the 140 upregulated genes is presented in Table SI, 
and the detailed information on the 224 downregulated genes 
is presented in Table SII.

GO and KEGG analyses of DEGs between NSCLC tissue 
samples with or without bone metastases. GO and KEGG 
analyses of the DEGs were performed. Comparing the 
NSCLC tissue samples with and without bone metastases, 
the GO analysis of the upregulated genes exhibited signifi‑
cant enrichment of 16 biological processes (BPs), 13 cellular 
components (CCs) and six molecular functions (MFs). The top 
three BPs included ‘cellular process’, ‘metabolic process’ and 
‘biological regulation’; the top three CCs included ‘cell’, ‘cell 
part’ and ‘organelle’; and the top three MFs included ‘binding’, 
‘catalytic activity’ and ‘structural molecule activity’ (Fig. 2A). 
GO analysis of the downregulated genes revealed significant 
enrichment of 17 BPs, eight CCs and six MFs. The top three BPs 
included ‘cellular process’, ‘metabolic process’ and ‘biological 
regulation’; the top  3 CCs included ‘cell’, ‘cell part’ and 
‘organelle’; and the top three MFs included ‘binding’, ‘catalytic 
activity’ and ‘nucleic acid binding transcription factor activity’ 
(Fig. 2B). The upregulated genes were primarily concentrated 
in five KEGG pathways: ‘Ribosome’, ‘Cysteine and methionine 
metabolism’, ‘oxidative phosphorylation’, ‘Parkinson's disease’, 

and ‘thermogenesis’ (Fig. 2C). The downregulated genes were 
primarily concentrated in ‘transcriptional misregulation in 
cancer’, ‘ribosome’, ‘mitophagy‑animal’, ‘bile secretion’ and 
‘apoptosis’ pathways (Fig. 2D).

Network analysis using IPA. IPA analysis was used to 
analyze the DEGs of the two NSCLC group samples. The 
top five pathways that were functionally associated with 
diseases and biofunctions included ‘Synthesis of protein’, 
‘Translation’, ‘Expression of protein’, ‘Translation of protein’ 
and ‘Nonsense‑mediated mRNA decay’ (Table  SIII). 
The top‑ranked ingenuity canonical pathway was ‘EIF2 
Signaling’, which contains several key molecules, including 
eukaryotic initiation factor 3 subunit (EIF3)E, EIF3I, phos‑
phoinositide‑3‑kinase regulatory subunit 5, ribosomal protein L 
(RPL)10A and RPL12 (Table SIV). Furthermore, upstream 
transcript regulators including HR lysine demethylase and 
nuclear receptor corepressor, SAM pointed domain‑containing 
ETS transcription factor (SPDEF), JunD proto‑oncogene AP‑1 
transcription factor subunit, SMAD7, twist family bHLH 
transcription factor  1, sterol regulatory element binding 
transcription factor 1, SMAD3, Fos proto‑oncogene AP‑1 
transcription factor subunit and huntingtin were also identified 
(Table SV). As presented in Fig. 3A, the networks of DEGs of 
the two groups of samples contained several key genes impli‑
cated in cell proliferation (α‑tubulin, hypoxia‑inducible factor 1 
subunit α and Myc), signaling [clock circadian regulator, RNA 
polymerase I and III subunit D (POLR1D), RNA polymerase II 
subunit (POLR2)A, POLR2C, POLR2D, POLR2E, POLR2F, 
POLR2H, POLR2J and POLR2K] and metabolism (COL6A2, 
collagen type VI α 3 chain, GPN‑loop GTPase 3, MAF bZIP 

Figure 4. COL6A1 is highly expressed in NSCLC tissue samples with bone metastases. (A) COL6A1 expression was determined by western blotting in normal, 
NSCLC tissues without bone metastasis and NSCLC tissues with bone metastasis. (B) Immunohistochemistry analysis of COL6A1 expression in paired 
normal lung tissues and NSCLC tissues with and without bone metastases. Magnification, x100; scale bar, 100 µm. *P<0.05, ***P<0.001. NSCLC, non‑small 
cell lung cancer; COL6A1, collagen type 6A1.
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transcription factor B, RELA proto‑oncogene NF‑κB subunit, 
SPDEF, small ubiquitin like modifier  1, WASH complex 
subunit 1 and WT1 transcription factor).

Identification of eight genes with the greatest differences in 
expression. To validate the accuracy of the microarray data, 
the expression levels of COL6A1, thiosulfate sulfurtransferase 
(TST), adaptor protein phosphotyrosine interacting with PH 
domain and leucine zipper 1 (APPL1), cytochrome c oxidase 
assembly factor 3 (COA3), telomeric repeat binding factor 1 
(TERF1), Prominin 2, RALY heterogenous nuclear ribonu‑
cleoprotein (RALY) and CD133 were evaluated in NSCLC 
tissues and normal tissues using RT‑qPCR analysis. The 
expression levels of COL6A1, TST, APPL1, COA3 and TERF1 
were significantly increased, whereas the levels of Prominin 2, 
RALY and CD133 were significantly reduced in NSCLC 
tissues compared with those in the normal tissues (Fig. 3B‑I).

COL6A1 expression is upregulated in NSCLC tissue 
samples with bone metastases. COL6A1 was the most highly 
expressed gene in samples with bone metastases compared 

with those without bone metastases. As presented in Fig. 4A, 
compared with those in normal lung tissues, the expression 
levels of COL6A1 were significantly increased in NSCLC 
tissues without or with bone metastasis, and COL6A1 level 
appeared to be upregulated in metastatic NSCLC tissues 
compared with those in the non‑metastatic NSCLC tissues. 
High expression levels of COL6A1 were associated with the 
Tumor‑Node‑Metastasis stage and with metastasis to the bone 
and other organs (Table II). Consistent with these results, the 
IHC analysis revealed that high protein expression levels of 
COL6A1 were also observed in the metastatic NSCLC tissues 
(Fig. 4B), suggesting that COL6A1 may serve an important 
role in the process of bone metastasis.

Effects of COL6A1 overexpression and knockdown on the 
proliferation and invasion of HARA and HARA‑B4 cells. 
To further analyze the roles of COL6A1 on NSCLC cells, 
COL6A1 expression in normal lung epithelial cells (HPAEpic) 
and five NSCLC cancer cell lines was examined. As demon‑
strated in Fig. 5A, the expression of COL6A1 was higher in the 
five NSCLC cell lines (A549, HARA, NCI‑H226, HARA‑B4 

Table II. Associations between COL6A1 expression levels and clinicopathological characteristics in NSCLC patients (n=40).

	 COL6A1 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 High (n=20)	 Low (n=20)	 χ2	 P‑value

Sex			   0.4167	 0.5186
  Male	 13	 11		
  Female	 7	 9		
Age, years			   1.026	 0.3112
  ≥60	 15	 12		
  <60	 5	 8		
Smoking			   0.4396	 0.5073
  Yes	 12	 14		
  No	 8	 6		
Tumor size, cm			   1.29	 0.256
  ≥3	 6	 3		
  <3	 14	 17		
Tumor‑Node‑Metastasis 
stage (8th edition) (45,46)			   5.227	 0.0222
  I‑II	 4	 11		
  III‑IV	 16	 9		
Bone metastasis			   4.912	 0.0267
  Yes	 13	 6		
  No	 7	 14		
Other metastasis			   5.013	 0.0252
  Yes	 12	 5		
  No	 8	 15		
Tumor type			   0.9207	 0.3373
  Squamous	 7	 10		
  Adenocarcinoma	 13	 10		

COL6A1, collagen type 6A1.
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Figure 5. Effects of COL6A1 overexpression or knockdown on the proliferation and invasion of HARA or HARA‑B4 cells. (A) RT‑qPCR analysis of COL6A1 
expression levels in HPAEpic normal lung cells and A549, HARA, NCI‑H226, HARA‑B4 and NCI‑1395 lung cancer cell lines. (B and C) Verification of 
COL6A1 expression was performed using (B) RT‑qPCR and (C) western blot analysis in HARA and HARA‑B4 cells. (D) COL6A1 was silenced in HARA‐
B4 cells and overexpressed in HARA cells, and the expression change of COL6A1 was confirmed using RT‐qPCR analysis. (E) The proliferation of the 
COL6A1‑overexpressing HARA cells and COL6A1‑knockdown HARA‑B4 cells was assessed using a Cell Counting Kit‑8 assay. (F) Following COL6A1 
overexpression in HARA cells and COL6A1 knockdown in HARA‑B4 cells, the cell proliferative capacity was verified using a colony formation assay. 
(G) Transwell assays were performed to identify the effects of COL6A1 overexpression or knockdown on the invasive ability of HARA or HARA‑B4 cells. 
*P<0.05, **P<0.01 and ***P<0.001. RT‑qPCR, reverse transcription‑quantitative PCR; COL6A1, collagen type 6A1.
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and NCI‑1395) compared with those in the HPAEpic cells. 
Amongst the five NSCLC cell lines, HARA‑B4 cells exhibited 
the highest levels of COL6A1 expression, whereas HARA 
cells exhibited the lowest levels.

Compared with those in the HARA cells, the mRNA and 
protein expression levels of COL6A1 were notably higher in 
the HARA‑B4 cells (Fig. 5B and C). COL6A1 expression 
was thus overexpressed in HARA and knocked down in 
HARA‑B4 cells using an overexpression plasmid and shRNA, 
respectively. The results of the CCK‑8 assays demonstrated 
that overexpression of COL6A1 significantly enhanced the 
proliferation of HARA cells, whereas knockdown of COL6A1 

notably reduced the proliferation of HARA‑B4 cells compared 
with that in the corresponding control groups (Fig.  5D). 
Similarly, the colony formation assays revealed that overex‑
pression of COL6A1 significantly increased the number of 
colonies formed by HARA cells compared with that in the 
control group, whereas the reverse effect was observed in the 
COL6A1 knockdown HARA‑B4 cells (Fig. 5E). In addition, 
COL6A1 overexpression contributed to a significant increase 
in HARA cell invasion, and COL6A1 knockdown significantly 
reduced HARA‑B4 cell invasion compared with that in the 
control groups (Fig. 5F). Therefore, COL6A1 may induce the 
proliferation and invasion of NSCLC cells.

Figure 6. Induction and identification of osteoblasts. HOB, hES‑MP 002.5 and M‑7 cells were induced using the osteoblast‑inducing conditional media for 
14 days. (A) Reverse transcription‑quantitative PCR and (B) western blot analysis were used to analyze the expression levels of ALP and RUNX2 in induced 
and uninduced cells. (C) Calcium deposition was examined using Alizarin Red Staining in HOB, hES‑MP 002.5 and M‑7 cells following osteogenic induc‑
tion. (D) ALP activity was determined using ALP staining in the induced and uninduced HOB, hES‑MP 002.5 and M‑7 cells. Magnification, x100; scale bar, 
100 µm. ***P<0.001 vs. control; ns, not significant. ALP, alkaline phosphatase; RUNX2, RUNX family transcription factor 2.
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Identification of the osteogenic ability of various cell lines. 
In order to establish a model for the in vitro analysis of bone 

metastasis, the osteogenic abilities of HOB, hES‑MP 002.5 and 
M‑7 cells were investigated. Osteoblast‑inducing conditional 

Figure 7. COL6A1 increases the adhesive ability of HARA and HARA‑B4 cells after co‑culture with HOB or hES‑MP 002.5 cells. (A‑C) The adhesive 
capacities of HARA cells transfected with the COL6A1 overexpression plasmid or empty vector and HARA‑B4 cells transfected with sh‑COL6A1 or sh‑NC 
were assessed by counting the number of GFP‑positive cells following co‑culture with (A) HOB, (B) hES‑MP 002.5 or (C) M‑7 cells for 30 min. Magnification, 
x100; scale bar, 100 µm. ***P<0.001, COL6A1, collagen type 6A1; over, overexpression vector; sh, short hairpin RNA; NC, negative control; GFP, green 
fluorescent protein; ns, no statistical significance.
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media was added to induce HOB, hES‑MP 002.5 and M‑7 cells 
for 14 days. RT‑qPCR analysis results demonstrated that the 
expression levels of ALP and RUNX2 were notably increased 
in HOB‑ and hES‑MP 002.5‑induced cells compared with 
those in the respective control cells, whereas ALP and RUNX2 
expression levels were not altered in the M‑7 cells following 
induction (Fig. 6A). In addition, western blotting analysis also 
revealed that the levels of ALP and RUNX2 were higher in the 
osteogenic‑induced HOB and hES‑MP 002.5 cells compared 
with those in the control cells; in the M‑7 cells, ALP and 
RUNX2 expression levels were low and were not altered 
(Fig. 6B). The degree of osteogenic differentiation was esti‑
mated in HOB, hES‑MP 002.5 and M‑7 cells. Firstly, Alizarin 
Red staining was used to assess calcium deposition in these 
cells. As demonstrated in Fig. 6C, HOB and hES‑MP 002.5 
cells exhibited weak osteoblastic activity under normal culture 
conditions, and a large number of osteoblasts were observed 
following osteogenic induction. No osteoblasts were present 
in the M‑7 cells under normal culture conditions, and few 
osteoblasts were observed following induction. ALP staining 
was used to determine the ALP activity of HOB, hES‑MP 
002.5 and M‑7 cells. ALP activity was enhanced in HOB and 
hES‑MP 002.5 cells following osteogenic induction compared 
with that in the normally cultured cells. Following osteogenic 
induction, the ALP activity was slightly increased in the M‑7 
cells compared with that in uninduced cells (Fig. 6D).

COL6A1 promotes bone metastasis in vitro. To investigate the 
effect of COL6A1 on osteogenic differentiation and identify 
the effects of COL6A1 on cell adhesion, HOB, hES‑MP 002.5 
and M‑7 cells were co‑cultured with COL6A1‑overexpressing 
HARA cells and COL6A1‑knockdown HARA‑B4 cells, and 
the number of GFP‑expressing cells were counted. Compared 
with that in the negative control‑transfected cells, overexpres‑
sion of COL6A1 enhanced the adhesive capacity of HARA 
cells following co‑culture with HOB and hES‑MP 002.5 
cells, whereas knockdown of COL6A1 significantly attenu‑
ated the adhesive capacity of HARA‑B4 cells after co‑culture 
with HOB and hES‑MP 002.5 cells. However, COL6A1 did 
not alter the adhesive capacity of HARA‑B4 cells following 
co‑culture with M‑7 cells (Fig. 7).

Discussion

NSCLC is a common malignant tumor, and the rates of 
morbidity and mortality are increasing  (27). Tumor stage, 
lymph node and bone metastasis have been reported to be the 
primary factors negatively affecting the prognosis of patients 
with NSCLC (28,29). To examine the gene markers and regula‑
tory pathways associated with bone metastasis in patients with 
NSCLC, whole transcriptome expression microarray analysis 
was performed in the present study, and the gene expression 
profiles between NSCLC tissue samples with and without 
bone metastases were compared. Bioinformatics analysis was 
performed to identify the key genes and pathways associated 
with the development of bone metastasis. By comparing the 
differences in gene expression between the two groups of 
samples, 364 DEGs were identified, including 140 upregulated 
and 224 downregulated genes in NSCLC tissue samples rela‑
tive to the non‑metastatic tissue.

GO and KEGG analysis are commonly used methods to 
predict and identify target molecules and regulatory networks 
associated with disease occurrence (30‑32). To determine the 
molecular regulatory network of DEGs and the biological func‑
tions of DEGs in NSCLC in the present study, GO and KEGG 
pathway enrichment analysis was performed. GO analysis 
revealed that the crucial biological processes of the DEGs in 
NSCLC tissue samples with bone metastases were primarily 
associated with ‘cellular process’, ‘metabolic process’ and 
‘biological regulation’. ‘Binding’ and ‘catalytic activity’ were 
also associated with bone metastasis in patients with NSCLC. 
In addition, KEGG enrichment analysis demonstrated that the 
DEGs in NSCLC tissue samples with bone metastases were 
primarily enriched in ‘ribosome’, ‘apoptosis’, ‘cysteine and 
methionine metabolism’ and ‘transcriptional misregulation 
in cancer’. Additionally, the expression levels of COL6A1, 
TST, APPL1, COA3 and TERF1 were upregulated, whereas 
Prominin 2, RALY and CD133 were significantly downregu‑
lated in NSCLC tissue samples with bone metastases compared 
with those in non‑metastatic samples. Amongst these DEGs, 
COL6A1 was the most significantly differentially expressed in 
NSCLC tissue samples with bone metastasis (33,34).

COL6A1, which is located on chromosome 21, is a 
crucial gene of the collagen family and encodes the α1 (VI) 
chain of type VI collagen. Type VI collagen is an extracel‑
lular matrix protein that serves crucial roles in maintaining 
the integrity of several types of tissues, prostate cancer 
tissues (35), cervical cancer tissues (36) and clear cell renal 
cell carcinoma tissues (37). COL6A1 has been demonstrated 
to regulate cellular functions such as migration, differentiation 
and survival by participating in various processes, including 
apoptosis, proliferation, angiogenesis, fibrosis and inflamma‑
tion (38). Mutations of COL6A1 are associated with several 
musculoskeletal disorders, such as Bethlam myopathy and 
Ulrich congenital muscular dystrophy (39). Although COL6A1 
is widely distributed in various tissues, its expression levels are 
markedly higher in pancreatic cancer tumor tissues with bone 
metastases compared with those in tissues without bone metas‑
tases (34). These findings suggest that COL6A1 may be involved 
in the progression of several types of cancer (34,36,37,40,41). 
For example, a recent study has reported that the mRNA and 
protein expression levels of COL6A1 are high in lung tissues 
of patients with pulmonary fibrosis (42), suggesting an associa‑
tion between COL6A1 expression and NSCLC development. 
In addition, by utilizing quantitative secretome analysis, 
expression of COL6A1 has been demonstrated to be high in 
metastatic NSCLC cells, whereas COL6A1 knockdown inhib‑
ited the metastatic activity of cancer cells compared with the 
control group (43). Global secretome analysis of cell lines with 
varying bone metastatic ability from multiple types of cancer 
has identified COL6A1 as a secreted mediator of bone metas‑
tasis (44). The results of the present study further confirmed 
that the levels of COL6A1 were significantly upregulated in 
NSCLC tissues with bone metastases compared with those in 
tissues from patients without bone metastases. Additionally, it 
was demonstrated that COL6A1 accelerated the proliferation 
and invasion of NSCLC cells and significantly increased the 
adhesive ability of HARA‑B4 cells to osteoblasts. Therefore, 
COL6A1 may be strongly associated with metastasis to the 
bone in patients with NSCLC.
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In conclusion, based on the comprehensive whole tran‑
scriptome expression microarray analysis, the present study 
revealed crucial genes and pathways that may be associ‑
ated with the features of NSCLC with bone metastases. In 
particular, COL6A1 was demonstrated to increase the adhe‑
sive ability of HARA‑B4 cells to osteoblasts. It is therefore 
hypothesized that COL6A1 may potentially serve as a novel 
therapeutic target for the treatment of patients with advanced 
NSCLC with bone metastases.
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