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Abstract. Upward (local growth and invasion of the base of
skull), downward (distant metastasis) and mixed progressing
types of nasopharyngeal carcinoma (NPC) have been identified
and are distinctly different with respect to clinical symptoms,
therapeutic strategies and prognosis. The present study aimed
to identify the genetic difference and collagen expression
levels in the upward and downward progressing types of NPC.
Whole exon sequencing (WES) was used to detect genes
differentially mutated between the upward and downward
progressing types of NPC. Collagen deposition in the upward
and downward progressing types of NPC was determined using
Masson trichromatic staining, while the protein expression
level of COL4A3 was detected using immunohistochemistry.
Survival analysis was also performed using the Kaplan-Meier
Plotter database to examine the role of COL4A3 expression
level in the prognosis of head and neck squamous cell carcinoma. Knockdown of COL4A3 was performed using short
interfering (si)RNA-COL4A3 in a 5-8F NPC cell line. Reverse
transcription-quantitative PCR and western blot analyses were
utilized to analyze the mRNA and protein expression levels of
COL4A3, respectively. The roles of COL4A3 in the migration
and invasion of the 5-8F cell line were examined using woundhealing Transwell and Matrigel assays, respectively. A total
of 21 genes were differentially mutated between the upward
and downward progressing types of NPC. The COL4A3 was
investigated further, as it was found to be associated with
extracellular matrix deposition and cancer metastasis. The
COL4A3 gene was markedly downregulated in the downward
progressing type compared with that in the upward progressing
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type (2.161±1.306 vs. 5.077±3.619; P<0.05). In addition, the
deposition of collagen in the downward progressing type was
also significantly decreased compared with that in the upward
progressing type (5.63±6.83 vs. 10.94±9.60; P<0.05). KaplanMeier analysis indicated that high expression level of COL4A3
was positively associated with a favorable prognosis of head
and neck squamous cell carcinoma (HR, 0.69; 95% CI, 0.49‑
0.97; P=0.031). To confirm the role of COL4A3, the expression
level of COL4A3 was knocked down using siRNA in the 5-8F
cell line and the results showed that the invasion and migration
was significantly increased when the expression of COL4A3
was inhibited (P<0.0001). In conclusion, the gene mutation
patterns were significantly different between the upward and
downward progressing types of NPC. In addition, the expression level of the COL4A3 gene was decreased in the downward
progressing type, which might promote NPC metastasis
through the downregulation of extracellular collagen expression.
Introduction
Nasopharyngeal carcinoma (NPC) is a common malignant tumor of the head and neck in southern China (1,2).
Histopathologically, unkeratinized squamous cell and undifferentiated carcinoma are more prevalent. According to the
development of local invasion and distant metastasis, NPC
can be categorized into three distinct types: Upward (local
growth and invasion at the base of the skull), downward
(distant metastasis) and mixed progressing types (3,4). For the
upward progressing type of NPC, local invasion is dominant,
and metastasis is rare, and the prognosis is relatively good.
On the other hand, up to 90% of patients with the downward
progressing type of NPC develop cervical lymph node metastasis or distant metastasis, even when the primary tumor was
caught at an early stage. The extent of cervical lymph node
metastases is one of the most important risk factors of distant
metastasis (5) and the prognosis of downward progressing
type of NPC is significantly worse compared with that in the
upward progressing type (3,6). However, biomarkers associated with the upward and downward progressing types of NPC
have not been fully elucidated. These two different biological
behaviors of NPC have not been significantly associated with
clinical characteristics, such as sex, age and pathological classification. Therefore, the investigation into genetic aberration
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and molecular mechanisms may lead to the identification of
novel valuable biomarkers.
Type IV collagen, one of the main components of the
extracellular matrix and basement membrane, has been found
to interact with tumor cells and regulate tumor growth, proliferation, differentiation, adhesion and metastasis (7-9), which
is important for the study of metastasis of NPC. Type IV
collagen contains three highly similar collagen precursors
namely, (α1)2α2(IV), α3α4α5(IV) and (α5)2α6(IV) (10). The
genes, COL4A1, COL4A2, COL4A3, COL4A4, COL4A5
and COL4A6, which synthesize α1, α2, α3, α4, α5 and α6
peptide chains, respectively, are located in pairs on human
chromosomes 13, 2 and X, respectively (11). In addition,
hypermethylation of the COL4A5/COL4A6 genes in colon
cancer led to a decrease in the expression level of the COL4A5/
COL4A6 chain and the destruction of the structural integrity
of the basement membrane (12). Similarly, it was found that
the expression level of the COL4A5/COL4A6 genes was
decreased or deleted in the invasive stage of basal cell carcinoma and prostate cancer (13,14). However, the role of the
collagen-encoding genes in different types of NPC remains
undetermined.
In the present study, whole exon sequencing (WES)
was used to detected gene mutations associated with NPC
biological behaviors and to determine the key genes associated
with the invasion and metastasis potential of NPC. The role of
COL4A3 gene expression and extracellular collagen, deposition in both the upward and downward progressing types of
NPC, were also investigated. The inhibition of COL4A3 could
promote invasion and migration of the 5-8F NPC cell line.
The present study may provide new information in identifying
novel biomarkers and establish a molecular classification of
NPC.
Materials and methods
Cell culture and transfection. The human 5-8F NPC cell
line was donated by Sun Yat-Sen University Cancer Center
and was cultured in RPMI-1640 medium (supplemented with
10% fetal bovine serum, penicillin (100 U/ml) and streptomycin (100 mg‑ml) (all from Gibco; Thermo Fisher Scientific,
Inc.) at 37˚C in a humidified incubator with 5% CO2 (Sanyo
Eletcric Co., Ltd). Cells in the logarithmic growth phase were
placed in a 6-well plate and incubated until 70-90% confluence.
Cells were transfected with specific short interfering
(si)RNA targeting COL4A3 (designed and synthesized by
Guangzhou Ribobio Co., Ltd.) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
manufacturer's instructions. The following siRNA was used:
5'-GGGTAATCCTGGATTTCTA-3'. A scramble siRNA
was also purchased from (Guangzhou Ribobio Co., Ltd) and
used as a control siRNA (siNC). The cells were assigned to
three experimental groups: Non-transfected group (control),
siRNA negative control group (si-NC) and COL4A3 siRNA
transfected group (si-COL4A3).
Western blot analysis. Cells were lysed in RIPA lysis buffer,
containing protease and phosphatase inhibitors (SigmaAldrich; Merck KGaA) on ice for 30 min. The total protein

concentration was measured using a Bradford protein assay kit
(Bio-Rad Laboratories, Inc.). Then, 60 µg per well of protein
samples were separated using a 12% SDS-PAGE (Bio-Rad
Laboratories, Inc.) and transferred to a PVDF membrane
(EMD Millipore). After blocking with TBS-Tween-20 (TBST)
containing 5% skimmed milk for 1 h at room temperature,
the PVDF membrane was washed with TBST for 10 min,
three times. The membrane was then incubated with primary
antibodies diluted in TBST overnight at 4˚C. Antibody information: COL4A3 (cat. no. PA5-39876, 1:500 dilution) and
GAPDH (cat. no. MA5-15738-D800, 1:500 dilution) antibodies
were from Thermo Fisher Scientific, Inc. Subsequently, the
membrane was washed with TBST for 10 min thrice. Following
incubation with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit secondary antibody (cat. no. A32731; 1:10,000
dilution; Thermo Fisher Scientific, Inc.) and HRP-conjugated
goat anti-mouse secondary antibody (cat. no. 35518; 1:10,000
dilution; Thermo Fisher Scientific, Inc.) for 2 h at room
temperature, respectively. After another three washes with
TBST for 10 min, the proteins were visualized using an ECL
substrate (Pierce™ ECL Western Blotting Substrate; Thermo
Fisher Scientific, Inc.). ImageJ software version 1.48; National
Institutes of Health) was used to quantify the optical density
of each protein. The relative optical density was calculated by
comparing with that in GAPDH.
Reverse transcription-quantitative (RT-q)PCR assay.
Total RNA was extracted from treated cells using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.) Then, 2.0 µg total
RNA was used for RT using a TaqMan RT kit according
to the manufacturer's instructions (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Subsequently, the cDNA
was amplified using qPCR, in a 20 µl total reaction volume
and the Go Tag Green Master mix/Platinum SYBR Super
mix (Invitrogen; Thermo Fisher Scientific, Inc.). qPCR was
performed using the following conditions: Initial denaturation
at 95˚C for 5 min, denaturation at 95˚C for 15 sec, 60˚C for
30 sec, followed by 40 cycles at 72˚C for 30 sec and 72˚C for
10 min. The following primers were used: COL4A3 forward,
5'-GGACTCACGGGTTCCAAAGGT-3' and COL 4A3
reverse, 5'-CCTGCTCACCCTTAGAACCACT-3'; GAPDH
forward, 5'-CAATGACCCCTTCATTGACC-3' and GAPDH
reverse, 5'-GACAAGCTTCCCGTTCTCAG-3'. GAPDH was
used as the internal control.
Transwell and Matrigel assays. For the Transwell assay, 24 h
following siRNA transfection, the 5-8F cell line was harvested
with trypsin and seeded into Transwell chambers (8 µm pore
size; Costar; Corning, Inc.), at a density of 2x104 cells per well.
The upper chambers contained 200 µl serum-free RPMI-1640
medium, while the lower chambers were filled with 600 µl
RPMI-1640 medium, containing 10% FBS. For the Matrigel
assay, 100 µl Matrigel (Sigma-Aldrich; Merck KGaA)
was added to the Transwell chamber, at a concentration of
200 µg/ml. The cells on the upper surface of the membrane
were removed using a cotton swab. The invaded cells were
fixed with 4% paraformaldehyde for 30 min and stained
with 1% crystal violet for 30 min at room temperature. The
numbers of migrated cells were counted in five random fields
of view under a microscope at x100 magnification using a
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Shunyu ICX41 inverted light microscope (Zhejiang Kangchen
Biotech Co., Ltd.) in each membrane. Finally, cell counts were
determined using the ImageJ software (National Institutes of
Health). All experiments were repeated at least three times.
Wound-healing assay. A wound-healing assay was performed
to determine the effect of COL4A3 on cell migration. The
5-8F cell line was seeded into 6-well plates, at a density of
2x105 cells/well, in RPMI-1640 medium, supplemented with
10% FBS, 24 h following transfection. When the cells had
reached 90-100% confluence, a 200 µl pipette tip was used to
scratch a wound on the cells. The medium was removed, and
the cells were gently washed twice with PBS. Next, the cells
were incubated with RPMI-1640 medium containing 1% FBS.
Images were captured at 0 and 24 h under a light microscope
at x40 magnification and the location and migration of the
cells was measured by determining the wound area. The
wound healing rate was quantified by using ImageJ software
and calculated with the help of following formula (Aw - At)/
Aw x 100. Where Aw is an area of the wound at 0 h (control)
and At is the area of the wound at 24 h after scratching. All the
experiments were repeated at least three times.
Human specimens. The present study was approved by the
Medical Ethics Committee of Zhongnan Hospital of Wuhan
University (approval no. 2019084). Written informed consent
was obtained from each living patient or from their relatives
for deceased patients in the study. Biopsies were collected
from 20 patients with upward and downward progressing
types of NPC. In total, 17 patients were male and three were
female. The median age was 57 years (range, 42-83 years). The
following inclusion criteria were used: i) Newly diagnosed
patients with NPC from January 2003 to December 2018;
ii) between 18 and 85 years of age; iii) confirmed pathological diagnosis; and iv) stages of T3-4N0-1M0 (upward) and
Tis-1N2-3M0-1 (downward) (based on the 8th edition of American
Joint Committee on Cancer for nasopharyngeal carcinoma
staging) (15). The following exclusion criteria were used: i)
Recurrent NPC; ii) no pathological diagnosis or pathological
specimens; and iii) a history of other malignant tumors. At the
same time, the demographical and pathological information,
and imaging data were collected.
Hematoxylin and eosin (H&E) staining. The histopathological
examination was performed by a senior pathologist at Zhongnan
Hospital. The biopsies of two groups of patients with NPC were
stained with H&E, which was routinely used in the pathology
laboratory using the following procedure: Deparaffinization
with xylene, twice for 10 min each; re-hydration with absolute ethanol, twice, 5 min each; followed by 95% ethanol for
2 min and 70% ethanol for 2 min, followed by washing in
distilled water for 1 min; staining in H solution for 8 min at
room temperature, followed by washing in tap water for 5 min;
differentiation in acid ethanol for 30 sec, followed by washing
in tap water for 1 min; bluing in 0.2% ammonia water for 1 min,
followed by washing in tap water for 5 min. Finally, slides
were dehydrated with 85% ethanol and 95% ethanol for 5 min
each and counterstaining with E Y solution for 5 min at room
temperature. Dehydration with absolute ethanol, three times,
5 min each. Transparency with xylene, twice, 5 min each time.
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The slides were visualized under x100 magnification using a
light microscope. The compactness of cells between upward
and downward progressing types of NPC was observed.
Masson trichromatic staining. The expression level and distribution of collagen in the upward and downward progressing
types of NPC specimens was detected using Masson trichrome
staining. The NPC specimens of the two groups were routinely
dewaxed with water by successively putting into xylene for
20 min at room temperature, anhydrous ethanol for 10 min,
an ethanol series (95, 90, 80 and 70%), washed with distilled
water thrice, and then fixed with picric acid mixed fixation
solution for 10 min at room temperature. The nucleus was
subsequently stained with H for 5-8 min, rinsed with distilled
water thrice, and then stained with Lichun red acid Fuhong
solution for 5-7 min at room temperature. After washing with
distilled water, specimens were stained with 1% phosphomolybdic acid solution for 5 min at room temperature and then
stained directly with bright green dye for 5 to 10 min at room
temperature. Subsequently, specimens were differentiated
with 1% glacial acetic acid for 30-60 sec, dehydrated with
95% ethanol for 3 min and then dehydrated with anhydrous
ethanol for 5 min. Finally, all the specimens were made
transparent with xylene and sealed with neutral gum. The
slides were scanned using a NanoZoomer S360 Digital slide
scanner (C13220-01; Hamamatsu Co., Ltd.) and analyzed
under x10 magnification using NDP.view2 Viewing software
(U12388-01; Hamamatsu Co., Ltd.). The expression level of
collagen was quantified using Image-Pro Plus v6.0 software
(Media Cybernetics, Inc.).
Immunohistochemistry (IHC). For IHC staining, paraffinembedded NPC tissue sections at 4-5 µm were deparaffinized
with xylene I for 20 min, xylene II for 20 min, and rehydrated with 100% ethanol for 10 min, and 95, 85 and 80%
ethanol for 5 min, each. Then the sections were incubated
with anti-COL4A3 antibody (cat. no. sc-52317; 1:100 dilution; Santa Cruz Biotechnology, Inc.) overnight at 4˚C. The
next day, the slides were then incubated with a biotin-labeled
secondary antibody (cat. no. sc-2018; 1:100 dilutions; Santa
Cruz Biotechnology, Inc.) for 40 min at room temperature.
Subsequently, the secondary antibody was washed off with
TBST (0.1% Tween-20). The cells were then visualized using
a REALTM EnVisionTMDetection System, (Peroxidase/DAB+;
Rabbit/Mouse; cat. no. K5007; Dako; Agilent Technologies,
Inc.). The slides were scanned by NanoZoomer S360 Digital
slide scanner and analysed under x300 magnification using
NDP.view2 Viewing software. The expression level of
COL4A3 was quantified using Image-Pro Plus version 6.0
software (Media Cybernetics).
WES. Sequencing and bioinformatic analysis of whole exons
from the upward and downward progressing types of NPC
specimen were completed in cooperation with Shenzhen
Chengqi Biotechnology Co., Ltd. DNA was fragmented and
hybridized using the SureSelect Human All Exome kit V5
(Agilent Technologies, Inc.). Exome shotgun libraries were
sequenced on the SureSelect Human All Exon v.6 enrichment, Illumina NovaSeq 6000 platform (Illumina, Inc.),
generating paired end reads of 150 bp at each end. The cloud
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Table I. Clinical characteristic of patients with nasopharyngeal carcinoma.
A, Upward
ID

WES

Sex

Age, years

T stagea

N stagea

M stagea

WHO typeb

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10
Patient 11
Patient 12
Patient 13
Patient 14
Patient 15

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Female
Male

66
42
59
55
68
53
54
67
49
78
62
54
62
44
73

4
3
3
3
4
4
4
4
4
4
4
3
3
4
4

0
1
1
1
1
1
0
1
1
1
1
1
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

II
II
II
II
II
II
II
II
II
II
II
II
II
I
II

ID

WES

Sex

Age, years

T stagea

N stagea

M stagea

WHO typeb

Patient 16
Patient 17
Patient 18
Patient 19
Patient 20

Yes
Yes
Yes
Yes
No

Male
Male
Male
Male
Female

63
53
54
83
44

1
1
1
1
1

2
3
3
3
3

0
0
1
0
0

II
II
II
II
I

B, Downward

Based on the 8th edition of AJCC nasopharyngeal carcinoma staging; bWHO types: I, keratinized squamous cell carcinoma; II, non-keratinized
carcinoma. WES, whole exon sequencing; T, tumor; N, node; M, metastasis.

a

analysis platform with FANSe algorithm (Chi-Cloud NGS
Analysis Platform) was applied for single-nucleotide variant
calling (16). Image analysis and base calling were performed
with CAVSAVR (Illumina, Inc.) using default parameters.
Adapter sequences were removed to obtain high-quality reads.
These were aligned to the NCBI human reference genome hg19
using the Burrows-Wheeler Aligner alignment algorithm. The
high frequency mutant genes associated with metastasis of
NPC were screened out. The associated amino acid replacement events and the changes in protein coding sequence and
function were predicted.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis of putative signaling
pathways. The designated genes were uploaded into the
function annotation portal of The Database for Annotation,
Visualization, and Integrated Discovery (DAVID), online
bioinformatics resources for investigating the biological
signaling pathways enriched by input genes (17). GO (http://
geneontology.org/) and KEGG (https://www.kegg.jp/)
corpus were adopted to identify putative signaling pathways

which were visualized via R clusterProfiler package version
3.18.0 (18).
Survival analysis. COL4A3 gene expression, as determined
using RNA sequencing and survival data from patients with
head and neck squamous cell carcinoma were obtained and
analyzed using the Kaplan-Meier Plotter tool (http://kmplot.
com/analysis) (19). Due to a lack of NPC data, the data of
head and neck squamous cell carcinoma (N=499) were used
instead. Patients were divided by selecting the auto select
best cut-off. When the auto select best cut-off is selected, all
possible cut-off values between the lower and upper quartiles
are computed, and the best performing threshold is used as
a cut-off. The auto select best cut-off value was 35. Patients
of both sexes, different ethnicities, disease stages and grades
were included. Hazard ratio (HR) with 95% CI were analyzed
and the median survivals times were compared between the
high and low expression level groups.
Statistical analysis. Quantitative results are expressed as the
mean ± SD. A Wilcoxon rank sum test was performed to analyze
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Table II. Whole exon sequencing results of patients with nasopharyngeal carcinoma.
Chromosome

Position
(1-based)

Gene			
name
Original Mutation

Original Mutation
(peptide) (peptide)

chr10
135440216 FRG2B
G
A
H
Y
							
chr10
17147521
CUBN
G
T
P
T
chr1
12939765
PRAMEF4
A
G
L
P
chr12
31242081
DDX11
G
A
R
Q
chr12
8327016
ZNF705A
T
C
A
T
chr15
102463117 OR4F4
T
G
H
P
							
chr15
28197037
OCA2
T
C
H
R
							
chr15
45392075
DUOX2
G
A
S
L
chr15
74374822
GOLGA6A
T
G
H
P
chr16
48258198
ABCC11
C
T
G
R
							
chr17
76433898
DNAH17
T
C
H
R
							
chr17
78178893
CARD14
C
T
R
W
							
chr2
21231524
APOB
G
A
P
L
chr2
228135631 COL4A3
C
T
P
L
							
chr2
87214281
RGPD1
T
G
V
G
							
chr3
172835082 SPATA16
C
T
G
E
chr3
37574951
ITGA9
G
A
G
E
chr4
120241902 FABP2
T
C
T
A
chr4
190881957 FRG1
G
T
D
Y
chr9
33386465
AQP7
A
G
Y
H
chr9
42376286
ANKRD20A2
C
T
A
V
							

Annotation
FSHD region gene 2
family member B
cubilin
PRAME family member 4
DEAD/H-box helicase 11
zinc finger protein 705A
olfactory receptor family 4
subfamily F member 4
OCA2 melanosomaltransmembrane protein
dual oxidase 2
golgin A6 family member A
ATP binding cassette
subfamily C member 11
dyneinaxonemal heavy
chain 17
caspase recruitment
domain family member 14
apolipoprotein B
collagen type IV
alpha 3 chain
RANBP2-like and
GRIP domain containing 1
spermatogenesis associated 16
integrin subunit alpha 9
fatty acid binding protein 2
FSHD region gene 1
aquaporin 7
ankyrin repeat domain 20
family member A2

P-valuea
0.87870
0.01335
0.00000
0.27880
0.01544
0.49690
0.01397
0.21210
0.00665
0.07139
0.20260
0.07064
0.30960
0.00149
0.05126
0.08735
0.28760
0.03159
0.05745
0.04698
0.08193

Single nucleotide variations between upward and downward progressing types of nasopharyngeal carcinoma were detected by whole exome
sequencing and Genome-Wide Association Studies were used to analyze differential gene expression. P<0.05 was considered as statistically
significant.

a

data obtained from experiments on biopsy samples (IHC and
Masson trichromatic staining data). One-way ANOVA test was
used to compare quantitative data from in vitro experiments
containing multiple groups. Post-hoc test between si-NC and
si-COL4A3 groups were adjusted with Bonferroni correction.
Kaplan-Meier survival plots were generated, and a log-rank
test was used for comparisons between survival curves.
GraphPad Prism version 6.0 (GraphPad Software, Inc.) was
used to analyze all the data. P<0.05 was considered to indicate
a statistically significant difference.
Results
Clinical and pathological characteristics of patients with the
upward and downward progressing types of NPC. Between
January 2003 and December 2018, 20 patients with NPC were

eligible for analysis and were included in the present study. A
total of 17 patients were male. The median age was 57 years
(range, 42-83 years) (Table I). A total of 8 patients with the
upward progressing type of NPC and 4 patients with the
downward progressing type of NPC were included in the WES
analysis. These patients and another eight patients were also
included to investigate COL4A3 expression level and collagen
deposition.
With respect the pathological features of the patients, the
arrangement of the tumor cells in the downward progressing
type of NPC was loose, as opposed to that in the upward
progressing type of the NPC cells (Fig. 1A and B). In the
magnetic resonance imaging (MRI) analysis, the downward
progressing type of NPC showed small primary tumors (TisT1), confined in the nasopharyngeal cavity, and did not invade
into the surrounding tissue (Fig. 1C and E). However, notable
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cervical lymph node metastasis or distant metastasis occurred
even when the primary tumor was in early stages. On the other
hand, the upward progressing type of NPC (T3-T4) showed
significant infiltration and destruction of the surrounding tissue
by the primary tumor, with documented clinical manifestations of space and nerve involvement associated with tumor
invasions (Fig. 1D and F). Nonetheless, cervical lymph node
metastasis of the upward progressing type was not significant
(N0-N1) and no evidence of distant metastasis was detected.
COL4A3 was identified as the target gene. A total of
8 upward NPC specimens and 4 downward NPC specimens
were sequenced, from which 4,125 differential mutation sites
were found, involving 2,511 genes. The molecular events
such as single nucleotide variations, insertions/deletions,
copy number variations and gene fusion, with significant
differences in mutation frequency between the upward and
downward progressing types of NPC were detected. After
harmful predictive filtration, there were 21 residual differential mutation sites, involving 21 genes (Table II; Fig. 2A).
Single nucleotide variations between upward and downward
progressing types of NPC, detected by WES and GenomeWide Association Studies, were used to analyze differential
gene expression. P<0.05 was considered statistically significant and eight single nucleotide variations showed significant
difference between the two types of NPC (Table II). The
genes associated with tumor metastasis, in the mutant genes
were further investigated by GO analysis and it was found
that the differentially mutated genes between the upward and
downward progressing types of NPC were enriched in the
genes associated with collagen expression (Fig. 2B). KEGG
signaling pathway analysis found that the differentially
mutated genes were significantly enriched in extracellular
matrix-associated signaling pathways (Fig. 2C). Within these
identified genes, the target gene COL4A3, which was found to
be associated with tumor metastasis, was investigated further
with respect to its role in the metastasis of NPC.
Expression of COL4A3 and deposition of collagen in NPC.
The protein expression level of COL4A3, in patients with the
two types of NPC, was detected using IHC methods. It was
found that the expression level of COL4A3 in the downward
progressing type of NPC was significantly lower compared
with that in the upward progressing type of NPC (2.161±1.306
vs. 5.077±3.619; P<0.05; Fig. 3A and B). Next, the extracellular
collagen deposition was determined using Masson trichromatic
staining. Notably, the deposition of blue precipitate (collagen)
in the downward progressing type of NPC was significantly
lower compared with that in the upward progressing type of
NPC (5.63±6.83 vs. 10.94±9.60; P<0.05; Fig. 3C and D). In
addition, the high expression level of COL4A3 was associated
with favorable prognosis of head and neck squamous cell
carcinoma (HR, 0.69; 95% CI, 0.49-0.97; P=0.031; Fig. 3E) by
analyzing the gene expression level and patient survival data
using the Kaplan-Meier plotter database.
Knockdown of COL4A3 promotes the migration and invasion of NPC cells. To further confirm the role of COL4A3 in
cell migration and invasion, the expression of COL4A3 was
inhibited in 5-8F cells by siRNA. The expression of COL4A3

Figure 1. Pathological and imaging results of the downward and upward
progressing types of NPC. H&E staining of (A) downward and (B) upward
progressing types of NPC. (C) The primary tumor of downward progressing
type of NPC was confined to the nasopharyngeal cavity (arrowhead). (D) The
primary tumor of upward progressing type of NPC was prone to extensive
invasion of the surrounding tissue (the arrow shows the invasion of tensor
palatine sail muscle, levator palatine sail muscle, parapharyngeal space,
clivus, foramen lacerum, internal pterygoid muscle and other structures).
(E) There was notable cervical lymph node metastasis in the downward
progressing type of NPC (the arrow shows multiple metastatic lymph nodes
with marked enlargement, enhancement and local necrosis in the left cervical
region). (F) The lymph node metastasis of upward progressing type of NPC
was not notable (arrowhead). H&E, hematoxylin and eosin; NPC, nasopharyngeal carcinoma.

was significantly downregulated in the si-COL4A3 group
compared with the si-NC group, both at mRNA (Fig. 4A) and
protein (Fig. 4B) levels. The Transwell assay showed that the
number of cell migration (Fig. 4C) and invasion (Fig. 4D) in the
si-COL4A3 group was increased significantly compared with
that in the si‑NC group. A wound-healing assay was used to
detect the migration ability of each group of 5-8F cell line. The
migration rate of the cells in the si-COL4A3 group was significantly higher than that in the si‑NC group (Fig. 4E). These results
demonstrated that the inhibition of COL4A3 could promote the
migration and invasion abilities of the 5-8F cell line.
Discussion
Metastasis is the major cause of death in patients with cancer.
Cancer metastasis is considered to be primarily associated with
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Figure 2. Sequencing results of the whole exons in nasopharyngeal carcinoma. (A) The differentially mutated genes between the upward and downward
progressing types of NPC were identified using sequencing of the whole exons. The color block in the figure indicated the frequency of gene mutation. (B) GO
analysis showed that some of the differentially mutated genes were enriched in the genes associated with collagen expression. (C) KEGG bubbles signal
pathway analysis showed that the differentially mutated genes were involved in the extracellular matrix-associated signaling pathway. GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes.

changes in the tumor microenvironment, particularly in the
remodeling of extracellular matrix characterized by the degradation, deposition and cross-linking of type IV collagen (20-22).
The extracellular matrix is a barrier for tumor cell metastasis.
Type IV collagen, from the extracellular matrix, is the primary
component of the basement membrane. The expression of
type IV collagen affects the deposition of the tumor extracellular matrix; thus, affecting the potential of tumor metastasis.
The investigation into the effect of type IV collagen on extracellular matrix deposition and its function is beneficial for
understanding the molecular mechanism of tumor metastasis
and provide novel ideas for identifying molecular markers and
effective treatment for tumor metastasis.
The COL4A3 domain binds and inhibits the proliferation
of melanoma and other epithelial tumor cell lines in vitro (23).

It is well known that the α3 (IV) chain encoded by COL4A3,
is lysed by matrix metalloproteinase-9 (MMP9) to produce
the primary bioactive fragment, tumstatin, which can inhibit
the formation of blood vessels in vivo and inhibit the proliferation and metastasis of tumors (24). In the early stage of
tumorigenesis, the MMP-mediated mechanism promotes the
release of tumstatin (also an endogenous angiogenic inhibitor),
by separating it from the basement membrane, to permit its
anti-angiogenesis and antitumor activities (25). These two
antitumor properties have been found to be regulated by
an ITGB3-mediated RGD-independent mechanism. Once
tumstatin has been dissociated from the basement membrane,
it interacts with integrin αVβ3 in endothelial cells, which leads
to the arrest of the cell cycle or apoptosis (26), and has been
found to cause apoptosis (27,28) and block the proliferation
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Figure 3. Expression of COL4A3 and the deposition of collagen fibers in NPC. (A and B) The expression of COL4A3 in the downward progressing type of NPC
was significantly lower compared with that in upward progressing type of NPC. *P<0.05. (C and D) The deposition of collagen in the downward progressing
type of NPC was significantly lower compared with that in the upward progressing type of NPC. *P<0.05. (E) The association between the expression level
of COL4A3 and the prognosis of head and neck squamous cell carcinoma using the Kaplan-Meier plotter database found that the high expression level of
COL4A3 was associated with good prognosis (hazard ratio, 0.69; 95% CI, 0.49-0.97; P=0.031). NPC, nasopharyngeal carcinoma.

of endothelial cells (29). Overexpression of the tumstatin
domain, in a mouse melanoma model, inhibited tumor cell
invasive properties (30). Tumstatin is also the most effective
type IV collagen family and is expected to become a potentially beneficial therapeutic molecule to inhibit tumor growth.
Therefore, the expression level and the association of COL4A3
and typeIV collagen play an important role in tumor metastasis; however, the role of COL4A3 in the metastasis of NPC is
not clear, and associated studies have not been reported.
Previous studies have demonstrated that specific COL4A3
mutations could lead to loss of function in several diseases. For
example, a novel missense mutation (3725G>A, G1242D) in
exon 42 of COL4A3 played a causative role in Alport syndrome
and thin basement membrane nephropathy (31). Other mutations
were also recently identified in a consanguineous family with

autosomal recessive Alport syndrome, including IVS 22-5 T>A
in the COL4A3 gene, and R1677C and R1682Q in the COL4A4
gene (32), confirming that COL4A3 and COL4A4 mutations
might cause different forms of nephropathy. However, the role
of COL4A3 mutations in NPC pathogenesis remains undetermined. In the present study, whole exons were sequenced and
analyzed in the upward and downward progressing types of
NPC. It was found that the mutation rate of the COL4A3 gene
was significantly increased and the expression level of the
COL4A3 protein was significantly decreased in the downward
progressing type of NPC. In the KEGG signaling pathway
analysis, six associated signaling pathways were identified:
PI3K-Akt signaling pathway, focal adhesion, ECM-receptor
interaction, PPAR signaling pathway, cell adhesion molecules
and NF- κ B signaling pathway. Among these pathways,
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Figure 4. Knockdown of COL4A3 promoted the migration and invasion of the 5-8F cell line in vitro. The relative COL4A3 (A) mRNA and (B) protein expression levels in each group as determined by reverse transcription-quantitative PCR and western blot assay, respectively. (C) Cell migration and (D) invasion
abilities were examined using Transwell assay in each group. (E) The migration rate of 5-8F cell line in each group, as detected by a wound-healing assay. Data
are presented as the mean ± SD from 3 independent experiments. NC, negative control; si, short interfering. ***P<0.001 and ****P<0.0001 vs. si-NC.

ECM-receptor interaction was considered to be the most
effective signaling pathway for the regulation of expression of
COL4A3. It has been demonstrated that MMP-9 can degrade
COL4A3 in the basement membrane and extracellular matrix,
resulting in decreased collagen in the cornea, thinning the
central cornea and forming keratoconus (33). Indeed, there are
significant association between genotypic and allelic distributions of COL4A3 (G/T) and MMP-9 (A/G) polymorphisms (34).
Reciprocally, the major gene variant COL4A3 may also affect
the expression of associated collagens or ECM proteins, thus
decreasing the amount of ECM in corneas and resulting in keratoconus (35). Therefore, ECM-receptor interaction pathway is
potentially involved in the regulation of COLA43. Nonetheless,
it requires more mechanistic studies to confirm the hypothesis

of the present study. Currently, there is still no data on how gene
mutations in COL4A3 would impact on the protein expression
level. It is hypothesized that the mutation in the COL4A3 gene,
in metastatic NPC might lead to the decrease in COL4A3
protein expression level and the deposition of type IV collagen.
Therefore, the biopsies of the upward and downward progressing
types of NPC were analyzed using IHC methods. COL4A3
protein expression was significantly lower in the downward
progressing type of NPC, suggesting that abnormal COL4A3
expression could be associated with the metastasis of NPC. The
results from the present study were in accordance with previous
studies showing that abnormal expression of COL4A3 was
found in different types of tumor (36,37). At the same time, the
deposition of the extracellular matrix in downward progressing
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type of NPC was significantly decreased. The results indicated
that the knockdown of COL4A3 might promote the invasion and
migration of NPC cells. The low expression level of COL4A3
in the downward progressing type of NPC was associated with
increased risk of distant metastasis, suggesting that COL4A3
expression might be a good biomarker for NPC metastasis.
However, there are still some limitations in the present study.
Firstly, a small number of matched samples were collected
in this study. This was partly due to availability of eligible
samples, since samples that were suitable for WES should be
relatively recent to ensure DNA integrity. Therefore, the number
of samples was relatively small in the current study. A larger
number of samples should be performed to verify the results of
the present study and further clarify the gene mutation spectrum
affecting the metastatic risk of NPC by WES. Next, the function
of certain genetic mutation should be examined in detail. The
mutation status of the aforementioned genes should be verified by PCR and Sanger sequencing. Differentially expressed
genes between upward and downward progressing types of
NPC could potentially be detected by performing transcriptomic sequencing. Thirdly, in vivo experiments were lacking
in the present study, which help validate the hypothesis, prove
the essential role of COL4A3 in NPC metastasis and uncover
potential molecular mechanisms. A plasmid harboring targeted
gene mutation will be constructed in the future for the detection
of protein expression. The in vivo effect of COL4A3 should also
be studied by manipulating its expression and functions.
In conclusion, although several limitations exist, the present
study showed that the COL4A3 gene was highly expressed in
the upward progressing type of NPC, but was low in the downward progressing type. This was associated with the degree
of collagen fibrosis, thus affecting the migration and invasion
of NPC. COL4A3 may be a novel biomarker in the diagnosis
and treatment of metastatic NPC, which could be beneficial to
establish a potential molecular typing method and identify the
target for individualized therapy for metastatic NPC.
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