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Abstract. Lung adenocarcinoma (LUAD) is highly associ‑
ated with lung cancer‑associated mortality. Notably, S100 
calcium‑binding protein A16 (S100A16) has been increasingly 
considered to have prognostic value in LUAD; however, the 
underlying mechanism remains unknown. In the present study, 
S100A16 expression levels in LUAD tissues and cells were 
respectively analyzed by the UALCAN database and western 
blotting. Cell Counting Kit‑8 and 5‑ethynyl‑2'‑deoxyuridine 
assays were used to examine cell proliferation, whereas wound 
healing, Transwell and tube formation assays were used to 
assess cell migration, invasion and angiogenesis, respectively. 
Western blotting was also used to examine the expression levels 
of proteins associated with metastasis, angiogenesis, focal 
adhesion and the extracellular matrix (ECM)‑receptor interac‑
tion pathways. The relationship between S100A16 and Mov10 
RNA helicase (MOV10) was predicted by bioinformatics 
tools, and was verified using a co‑immunoprecipitation assay. 
Furthermore, the interaction between MOV10 and integrin α3 
(ITGA3) was verified by RNA immunoprecipitation assay, and 
the actinomycin D assay was used to detect ITGA3 mRNA 
stability. The results demonstrated that S100A16 expression 
was increased in LUAD tissues and cell lines, and was associ‑
ated with unfavorable outcomes. Knocking down S100A16 
expression hindered the proliferation, migration, invasion 
and angiogenesis of LUAD cells. Furthermore, S100A16 was 
shown to bind to MOV10 and positively modulate MOV10 
expression in LUAD cells, while MOV10 overexpression 
partially reversed the suppressive role of S100A16 knockdown 
on the aggressive phenotypes of LUAD cells. Furthermore, 
it was demonstrated that S100A16 regulated the stability of 
ITGA3 mRNA via MOV10 to mediate ECM‑receptor interac‑
tions. In conclusion, S100A16 may bind to MOV10 to stabilize 

ITGA3 mRNA and regulate ECM‑receptor interactions, hence 
contributing to the malignant progression of LUAD.

Introduction

Lung cancer is one of the most common causes of cancer‑related 
mortality both in China and globally; according to statistics, 
lung cancer accounts for 18.4% of tumor‑associated deaths 
worldwide (1,2). Non‑small cell lung cancer (NSCLC) is the 
predominant histopathological subtype of lung cancer, which 
is responsible for 80‑85% of lung cancer cases  (3). Lung 
adenocarcinoma (LUAD) represents the most prevalent and 
the most studied pathological type of NSCLC, and it accounts 
for approximately two‑fifths of all lung cancer cases  (4). 
Despite notable efforts to improve early detection and to 
develop new treatment methods, the prognosis of LUAD 
remains poor, mainly due to late diagnosis, metastasis and high 
postoperative recurrence rates  (5‑7). Therefore, improving 
understanding of the potential molecular mechanisms and 
the identification of novel candidate biomarkers of LUAD are 
critical to the development of novel diagnostic strategies and 
targeted therapies.

The S100 protein family, composed of small acidic 
proteins with an EF‑hand Ca2+ binding motif, has been 
reported to perform functions in diverse tumor behaviors, such 
as cell proliferation, metastasis, angiogenesis and immune 
evasion (8). In particular, S100 calcium‑binding protein A16 
(S100A16), which is ubiquitously expressed in human tissues, 
has been well documented to be differentially expressed in the 
majority of human cancer types, where it functions in tumori‑
genic processes (9,10). Notably, S100A16 expression has been 
reported to be significantly upregulated in LUAD, and may 
be associated with poor overall survival and the efficacy of 
platinum‑based adjuvant chemotherapy in LUAD  (11,12). 
Moreover, a recent study suggested that S100A16, targeted by 
microRNA‑508‑5p, may participate in the proliferation and 
metastasis of LUAD cells (13). However, the mechanism of 
action of S100A16 in LUAD has not yet been determined and 
requires further evaluation.

Mov10 RNA helicase (MOV10) is a newly discovered 
RNA‑binding protein (RBP) that belongs to the RNA helicase 
superfamily. It has previously been reported that MOV10 
expression is 2‑3 times higher in human Burkitt's lymphoma 
cells and cervical cancer cells than that in normal cells (14). 
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Furthermore, high MOV10 expression has been predicted 
to be related to poor prognosis in LUAD, according to the 
Kaplan‑Meier plotter database (15). Notably, the ENCORI 
database (https://rnasysu.com/encori/) has predicted that 
the RBP, MOV10, may target the extracellular matrix 
(ECM)‑related integrin α3 (ITGA3) mRNA, and ITGA3 may 
could be considered an independent prognostic marker of 
NSCLC (16).

The present study aimed to determine the role of S100A16 
in LUAD, and to identify the S100A16‑mediated mechanism 
in LUAD. The findings may provide a novel molecular mecha‑
nism involved in LUAD and thus improve understanding of 
the progression of LUAD.

Materials and methods

Bioinformatics tools. The Cancer Genome Atlas data in the 
UALCAN database (http://ualcan.path.uab.edu/index.html) 
were used to analyze S100A16 expression in LUAD tissues 
and performed survival analysis using log‑rank test  (17). 
BioGRID (https://thebiogrid.org/) and Pathway Commons 
databases (http://www.pathwaycommons.org/) were used 
to predict the downstream interacting proteins of S100A16. 
LinkedOmics database (https://www.linkedomics.org/login.
php) was utilized to study the enrichment of S100A16 in 
the ECM‑receptor interaction pathway. The ENCORI 
database (https://rnasysu.com/encori/) was used to predict the 
RNA‑binding protein that could target MOV10.

Cell culture and treatment. The human bronchial epithelial 
cell line BEAS2B, the LUAD cell lines H1975, PC‑9, A549 
and HCC827, and human umbilical vein endothelial cells 
(HUVECs; fourth passage; cat. no. iCell‑h110) were procured 
from Cellverse Bioscience Technology Co., Ltd. The cells were 
cultured in Dulbecco's Modified Eagle Medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.), with the exception of 
HCC827 cells, which were cultured in Roswell Park Memorial 
Institute‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.). 
All cells were maintained in medium containing 10% fetal 
bovine serum (FBS; Gemini Bio Products), 100 U/ml peni‑
cillin and 100 µg/ml streptomycin in a 5% CO2 humidified 
environment at 37˚C.

Plasmid transfection. S100A16 or MOV10 small interfering 
(si)RNAs [siRNA‑S100A16 (5'‑GCC​AAA​TTC​CTG​CCT​GAT​
TCT​GG‑3') or siRNA‑MOV10 (5'‑ATG​CTT​CTT​CAG​GGA​
ACA​AGT​AT‑3')] and the scrambled siRNA [siRNA‑negative 
control (NC): 5'‑GCAACAAGATGAAGAGCACCAA‑3'] 
were designed and produced by Shanghai Quanyang 
Biotechnology Co., Ltd. The MOV10 overexpression vector 
(Ov‑MOV10) and the empty NC vector (Ov‑NC) were synthe‑
sized by General Biosystems (Anhui) Corporation Ltd. The 
siRNAs or vectors (20 µM) were transfected into H1975 cells 
(1x105 cells/well) simultaneously using Lipofectamine® 3000 
(Thermo Fisher Scientific, Inc.) for 48 h at 37˚C, according 
to the manufacturer's protocol. Cells were used in subsequent 
experiments a total of 48 h post‑transfection.

Cell Counting Kit‑8 (CCK‑8) assay. H1975 cells were seeded 
into 96‑well plates at a density of 3x103 cells/well and were 

incubated at 37˚C for 24 h. The cells were then transfected 
with siRNA‑NC, siRNA‑S100A16, Ov‑NC or Ov‑MOV10. 
After incubation for 48 h, 10 µl CCK‑8 solution (Dojindo 
Laboratories, Inc.) was added to each well. After a 2‑h 
incubation, the absorbance was measured at 450 nm using 
a microplate reader (Shanghai Aolu Biological Technology 
Co., Ltd.).

5‑Ethynyl‑2'‑deoxyuridine (EDU) staining. Cell proliferation 
was measured using the iClick™ EDU Andy Fluor 555 Imaging 
Kit (GeneCopoeia, Inc.). H1975 cells (5x104 cells/well) were 
seeded into 96‑well plates and incubated at 37˚C for 24 h. The 
cells were then transfected with siRNA‑NC, siRNA‑S100A16, 
Ov‑NC or Ov‑MOV10. A total of 48 h after transfection, 
the cells in each well were treated with 20 µM EDU for 2 h, 
according to the manufacturer's instructions. Subsequently, 
the cells were incubated with 4% paraformaldehyde fixing 
solution for 30 min followed by 0.5% Triton X‑100 permea‑
bilizing solution for 15  min at room temperature. DAPI 
was used to stain the nuclei at 37˚C for 30 min. The EdU+ 
cells were finally observed under a fluorescence microscope 
(Olympus Corporation).

Wound healing assay. A total of 48  h after transfection, 
the transfected H1975 cells were seeded into 6‑well plates 
(5x105 cells/well) and were cultured routinely. After reaching 
90% confluence, a wound was made to the cell monolayer using 
a 200‑µl micropipette tip. After washing three times with PBS, 
the cells were incubated with the serum‑free DMEM at 37˚C 
with 5% CO2 for 24 h. The cell migration distance was docu‑
mented under a light microscope (Olympus Corporation). The 
width of the scratch at 24 h was calculated as a percentage of 
the width at 0 h using ImageJ software (version 1.4; National 
Institutes of Health).

Transwell assay. After transfection, H1975 cells (5x104 cells/ 
well) resuspended in serum‑free medium were seeded into the 
upper chambers of a 24‑well Transwell plate (pore size, 8 µm; 
Corning, Inc.), which had been coated with Matrigel (Becton 
Dickinson and Company) overnight at 37˚C. The lower cham‑
bers were filled with 500 µl medium containing 10% FBS. 
After 24 h, the remaining cells in the top surface of the insert 
were removed with a cotton swab, whereas the cells that had 
invaded to the bottom of the membrane were fixed with 100% 
methanol for 10 min at 37˚C and stained with crystal violet 
solution (0.1%) for 15 min at 37˚C, before being subjected to a 
light microscopic inspection (Olympus Corporation).

Tube formation assay. Matrigel was added to each well of 96‑well 
plates and the entire bottom surface of the well was gently covered. 
Subsequently, the plates were incubated at 37˚C for 30‑60 min to 
allow the Matrigel to solidify. Finally, eighth passage of HUVECs 
(3x104 cells/well) were seeded into the 96‑well Matrigel‑coated 
plates and cultured in the presence of DMEM from H1975 cells 
transfected with different siRNAs/Ov plasmids at 37˚C in a 5% 
CO2 incubator for 24 h. Tubules were observed under an inverted 
light microscope (Olympus Corporation).

Reverse transcription‑quantitative PCR (RT‑qPCR). After 
the total RNA was isolated from H1975 cells using TRIzol® 
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reagent (Invitrogen; Thermo Fisher Scientific, Inc.), cDNA 
was generated by RT using a ProSTAR First‑Strand RT‑PCR 
kit (Stratagene; Agilent Technologies, Inc.) according to the 
manufacturer's protocol. qPCR analysis was conducted on 
the ABI 7500 Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using SYBR Green PCR Master 
Mix Reagents (Takara Bio, Inc.) in accordance with the manu‑
facturer's protocol. The following thermocycling conditions 
were used: Initial denaturation at 95˚C for 10 min; followed by 
35 cycles of denaturation at 95˚C for 15 sec, annealing at 60˚C for 
1 min and extension of 10 min at 65˚C. The relative expression 
levels were calculated based on the 2‑ΔΔCq method (18). GAPDH 
was used as the housekeeping control. The following primers 
were used for qPCR: ITGA3, forward 5'‑CCC​AGA​GGA​CCA​
AGG​AAA​CC‑3', reverse 5'‑CTC​CTG​GCT​CAG​CAA​GAA​
CA‑3'; GAPDH, forward 5'‑AAT​GGG​CAG​CCG​TTA​GGA​
AA‑3', reverse 5'‑GCG​CCC​AAT​ACG​ACC​AAA​TC‑3'.

Western blotting. Following the homogenization of BEAS2B 
cells, LUAD cells or HUVECs [HUVECs were treated with the 
conditioned medium (CM) from H1975 cells transfected with 

different siRNAs/Ov plasmids at 37˚C for 24 h] in RIPA buffer 
(Epizyme Biomedical Technology Co., Ltd.), protein samples 
were quantified using the BCA method (Epizyme Biomedical 
Technology Co., Ltd.) and were separated by SDS‑PAGE on 
12% gels, before being transferred to PVDF membranes. The 
membranes were then incubated with 5% BSA (Beyotime 
Institute of Biotechnology) for 1.5 h at room temperature 
for non‑specific blocking, followed by immunoblotting with 
primary antibodies specific to S100A16 (cat. no. ab240572; 
1:1,000; Abcam), matrix metallopeptidase (MMP)2 (cat. 
no.  ab92536; 1:1,000; Abcam), MMP9 (cat. no.  ab76003; 
1:1,000; Abcam), vascular endothelial‑derived growth factor 
(VEGF; cat. no. ab46154; 1:1,000; Abcam), VEGF receptor‑2 
(VEGFR2; cat. no. 26415‑1‑AP; 1:2,000; Proteintech Group, 
Inc.), MOV10 (cat. no. ab189919; 1:1,000; Abcam), ITGA3 (cat. 
no. ab131055; 1:1,000; Abcam), SRC (cat. no. ab133283; 1:1,000; 
Abcam) and phosphorylated (p)‑SRC (cat. no.  ab185617; 
1:5,000; Abcam) at 4˚C overnight. The membranes were then 
probed with an HRP‑conjugated secondary antibody (cat. 
no. ab6721; 1:10,000; Abcam) at room temperature for 1.5 h. 
Anti‑GAPDH antibody (cat. no. ab128915; 1:10,000; Abcam) 

Figure 1. S100A16 is upregulated in LUAD tissues and cells. (A) S100A16 expression in LUAD tissues was analyzed using the UALCAN database. ***P<0.001 
vs. Normal. (B) Association of S100A16 expression with the overall survival rate of patients with LUAD. (C) Western blotting was used to examine S100A16 
expression in LUAD cells. **P<0.01, ***P<0.001 vs. BEAS2B cells. LUAD, lung adenocarcinoma; S100A16, S100 calcium‑binding protein A16; TCGA, The 
Cancer Genome Atlas.
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was used to confirm equal loading. Blots were at least run in 
tandem, under the same conditions. Visualization of the blots 
was conducted using an ECL reagent (Epizyme Biomedical 
Technology Co., Ltd.) and gray value analysis was performed 
with ImageJ software (version 1.4).

Co‑immunoprecipitation (Co‑IP) assay. The Co‑IP assay was 
conducted utilizing a Co‑IP kit (cat. no. 26149; Pierce; Thermo 
Fisher Scientific, Inc.). Following lysis in RIPA lysis buffer 
(Beyotime Institute of Biotechnology), the H1975 cells were 
prepared by centrifugation at 14,000 x g and 4˚C for 10 min. 
The IP was conducted using 2 µg S100A16 (cat. no. ab240572; 
Abcam), MOV10 (cat. no.  ab80613; Abcam) or anti‑rabbit 
IgG (cat. no. ab172730; Abcam) antibodies, after which 20 µl 
protein A/G agarose beads (Pierce; Thermo Fisher Scientific, 
Inc.) were added to isolate the protein complexes. The beads 
were washed with PBS and then boiled to release the bound 
proteins, which were subjected to SDS‑PAGE and western 
blotting as aforementioned.

RNA immunoprecipitation (RIP) assay. The RIP assay was 
conducted utilizing the EZ‑Magna RIP kit (cat. no. 17‑701; 
MilliporeSigma) according to the manufacturer's protocol. 
Following lysis in RIPA lysis buffer (Beyotime Institute of 
Biotechnology), the H1975 cells were treated with RIP buffer 
containing magnetic beads (MilliporeSigma) conjugated with 
MOV10 (cat. no. ab80613; Abcam) or IgG (cat. no. ab172730; 
Abcam) antibodies. Finally, the isolated RNA complexes were 
subjected to qPCR analysis as aforementioned.

Actinomycin D assay. A total of 48 h after transfection, H1975 
cells seeded into 6‑well plates (2x105 cells/well) were treated 
with 5 µg/ml actinomycin D (GlpBio Technology, Inc.) for 0, 6, 
12 and 18 h at 37˚C to examine the stability of ITGA3 mRNA. 
The remaining ITGA3 mRNA extracted from treated H1975 
cells was determined by qPCR analysis as aforementioned.

Statistical analysis. All data are presented as the mean ± stan‑
dard error of mean and were analyzed with GraphPad Prism 

Figure 2. S100A16 knockdown obstructs the proliferation of H1975 cells. (A) Transfection efficacy of siRNA‑S100A16 was detected by western blotting. 
(B) Cell Counting Kit‑8 and (C) EDU assays were used to assess cell proliferation. ***P<0.001 vs. siRNA‑NC. EDU, 5‑ethynyl‑2'‑deoxyuridine; NC, negative 
control; S100A16, S100 calcium‑binding protein A16; siRNA, small interfering RNA.
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Figure 3. S100A16 knockdown obstructs the migration, invasion and angiogenesis of H1975 cells. (A) Wound healing and (B) Transwell assays were used 
to evaluate cell migration and invasion, respectively. (C) Western blotting was used to examine MMP2 and MMP9 expression. (D) Tube formation assays 
were used to estimated cell angiogenesis. ***P<0.001 vs. siRNA‑NC. (E) Western blotting was used to examine VEGF and VEGFR2 expression in HUVECs. 
***P<0.001 vs. siRNA‑NC (CM) + HUVEC. CM, conditioned medium; HUVEC, human umbilical vein endothelial cell; MMP, matrix metallopeptidase; NC, 
negative control; S100A16, S100 calcium‑binding protein A16; siRNA, small interfering RNA; VEGF, vascular endothelial growth factor; VEGFR2, VEGF 
receptor 2.

https://www.spandidos-publications.com/10.3892/mmr.2024.13376


YANG et al:  ROLE OF S100A16 IN LUNG ADENOCARCINOMA6

8 software (Dotmatics). An unpaired Student's t‑test was used 
to compare two groups, whereas one‑way ANOVA followed 
by Tukey's post hoc test was used to compare three or more 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

S100A16 expression is upregulated in LUAD tissues and cell 
lines. Through UALCAN database analysis, significantly 
elevated S100A16 expression was observed in LUAD tissues 
compared with in normal tissues from healthy control indi‑
viduals (Fig. 1A). Moreover, patients with LUAD were split into 
high and low expression groups according to median S100A16 
expression. High expression of S100A16 predicted a worse 
overall survival in patients with LUAD (Fig. 1B). S100A16 
expression was also examined in cell lines by western blotting, 
and it was discovered that S100A16 expression levels were higher 
in LUAD cell lines (H1975, PC‑9, A549 and HCC827) compared 
with those in the BEAS2B cell line (Fig. 1C). H1975 cells exhib‑
ited the highest S100A16 expression and were therefore used in 
subsequent experiments. These findings indicated that S100A16 
expression was increased in LUAD and it was associated with 
an unfavorable outcome in patients with LUAD.

S100A16 knockdown obstructs the proliferation, migration, 
invasion and angiogenesis of H1975 cells. Post‑transfection with 

siRNA‑S100A16, S100A16 expression was markedly depleted 
(Fig. 2A). The experimental results from the CCK‑8 and EDU 
assays demonstrated that S100A16 knockdown decreased 
the proliferative ability and the number of EDU+ H1975 cells 
compared with that in the siRNA‑NC group (Fig. 2B and C). 
In addition, it was demonstrated that the migratory and inva‑
sive capabilities of H1975 cells were reduced when S100A16 
was knocked down (Fig. 3A and B). Compared with in the 
siRNA‑NC group, knockdown of S100A16 also resulted in the 
downregulation of MMP2 and MMP9 expression (Fig. 3C). 
Furthermore, as shown in Fig. 3D, the CM from H1975 cells 
with S100A16 knockdown markedly reduced the endothelial 
capillary‑like structures of HUVECs compared with in the 
siRNA‑NC (CM) + HUVEC group (Fig. 3D). Furthermore, the 
protein expression levels of VEGF and VEGFR2 in HUVECs 
were downregulated by the CM from H1975 cells with S100A16 
knockdown (Fig. 3E). Collectively, these results indicated that 
knockdown of S100A16 may slow the development of LUAD.

S100A16 interacts with MOV10 in H1975 cells. Through the 
Pathway Commons and BioGRID databases, it was predicted 
that MOV10 was a potential target that may bind to S100A16 
(Fig.  4A  and  B). Similarly, MOV10 expression in several 
LUAD cell lines was assessed, and it was revealed to be 
elevated in H1975, PC‑9, A549 and HCC827 cells compared 
with that in BEAS2B cells (Fig. 4C). Furthermore, compared 
with in the siRNA‑NC group, MOV10 protein expression 

Figure 4. S100A16 interacts with MOV10 in H1975 cells. (A) Pathway Commons and (B) BioGRID databases were used to predict the relationship between 
S100A16 and MOV10. (C) Western blotting was used to examine MOV10 expression in lung adenocarcinoma cells. ***P<0.001 vs. BEAS2B cells. (D) Western 
blotting was used to examine MOV10 expression after S100A16 knockdown. ***P<0.001 vs. siRNA‑NC. (E) Co‑immunoprecipitation assay was used verify 
the binding between S100A16 and MOV10. MOV10, Mov10 RNA helicase; NC, negative control; S100A16, S100 calcium‑binding protein A16; siRNA, small 
interfering RNA.
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was decreased following knockdown of S100A16 expres‑
sion (Fig. 4D). Additionally, Co‑IP assays demonstrated that 
S100A16 and MOV10 were both co‑immunoprecipitated by 
MOV10 and S100A16 antibodies, suggesting an interaction 
between S100A16 and MOV10 (Fig. 4E).

Knockdown of S100A16 suppresses MOV10 expression 
to hinder the progression of LUAD. To further confirm the 
relationship between S100A16 and MOV10 in LUAD cells, 
the Ov‑MOV10 plasmid was transfected into H1975 cells. 
Post‑transfection with Ov‑MOV10, MOV10 expression was 
significantly increased compared with that in the Ov‑NC 
group (Fig. 5A). In addition, it was demonstrated that the 
diminished proliferation of H1975 cells induced by S100A16 
knockdown was accelerated again by MOV10 overexpression 
(Fig. 5B and C). Moreover, S100A16 knockdown markedly 

reduced the migration and invasion of H1975 cells, accom‑
panied by a decrease in MMP2 and MMP9 expression, 
whereas these effects were reversed by MOV10 overexpres‑
sion (Fig.  6A‑C). Concurrently, the angiogenic ability of 
HUVECs was attenuated by knockdown of S100A16; this was 
also evidenced by the decreased expression levels of VEGF 
and VEGFR2. By contrast, the angiogenic ability, and the 
expression levels of VEGF and VEGFR2, were increased 
in HUVECs in the siRNA‑S100A16 + Ov‑MOV10 (CM) + 
HUVEC group compared with those in the siRNA‑S100A16 + 
Ov‑NC (CM) + HUVEC group (Fig. 6D and E). In summary, 
MOV10 overexpression reversed the suppressive effects of 
S100A16 knockdown on the aggressiveness of LUAD.

S100A16 modulates the ECM‑receptor interaction pathway 
by regulating MOV10‑mediated ITGA3 mRNA stability. 

Figure 5. Knockdown of S100A16 suppresses MOV10 expression to hinder the proliferation of lung adenocarcinoma cells. (A) Transfection efficacy of 
Ov‑MOV10 was detected by western blotting. ***P<0.001 vs. Ov‑NC. (B) Cell Counting Kit‑8 and (C) EDU assays were used to assess cell proliferation. 
***P<0.001 vs. Control; ###P<0.001 vs. siRNA‑S100A16 + Ov‑NC. EDU, 5‑ethynyl‑2'‑deoxyuridine; MOV10, Mov10 RNA helicase; NC, negative control; 
Ov‑MOV10, MOV10 overexpression vector; Ov‑NC, empty NC vector; S100A16, S100 calcium‑binding protein A16; siRNA, small interfering RNA.

https://www.spandidos-publications.com/10.3892/mmr.2024.13376
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Figure 6. Knockdown of S100A16 suppresses MOV10 expression to hinder the migration, invasion and angiogenesis of lung adenocarcinoma cells. (A) Wound 
healing and (B) Transwell assays were used to evaluate cell migration and invasion, respectively. (C) Western blotting was used to examine MMP2 and MMP9 
expression. (D) Tube formation assays were used to estimate cell angiogenesis. ***P<0.001 vs. Control; ##P<0.01, ###P<0.001 vs. siRNA‑S100A16 + Ov‑NC. 
(E) Western blotting was used to examine VEGF and VEGFR2 expression in HUVECs. ***P<0.001 vs. Control (CM) + HUVEC; #P<0.05, ###P<0.001 vs. 
siRNA‑S100A16 + Ov‑NC (CM) + HUVEC. CM, conditioned medium; HUVEC, human umbilical vein endothelial cell; MMP, matrix metallopeptidase; 
MOV10, Mov10 RNA helicase; NC, negative control; Ov‑MOV10, MOV10 overexpression vector; Ov‑NC, empty NC vector; S100A16, S100 calcium‑binding 
protein A16; siRNA, small interfering RNA; VEGF, vascular endothelial growth factor; VEGFR2, VEGF receptor 2.
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Notably, as depicted by the LinkedOmics database, S100A16 
was enriched in the ‘ECM‑receptor interaction’ Kyoto 
Encyclopedia of Genes and Genomes pathway in LUAD cells 
(Fig. 7A). S100A16 knockdown significantly decreased the 
expression levels of ITGA3 and p‑SRC/SRC, which were both 
increased by MOV10 overexpression (Fig. 7B). Furthermore, 
a high abundance of ITGA3 mRNA was pulled down by 
the MOV10 antibody (Fig. 7C), implying that MOV10 had a 
high affinity for ITGA3 mRNA. Notably, following MOV10 
knockdown in H1975 cells (Fig. 7D), ITGA3 mRNA expres‑
sion was decreased, whereas it was increased in response to 
MOV10 overexpression (Fig. 7E). Additionally, the results 
of the actinomycin D assay demonstrated that MOV10 or 
S100A16 knockdown decreased the stability of ITGA3 mRNA 
(Fig. 7F). However, compared with in the siRNA‑S100A16 + 
Ov‑NC group, MOV10 overexpression increased the stability 
of ITGA3 mRNA. Overall, these results indicated that 

S100A16 interacted with MOV10 to stabilize ITGA3 mRNA 
and subsequently regulate the ECM‑receptor interaction 
pathway.

Discussion

Previous studies have indicated that intricate biological processes 
involving genetic and epigenetic alterations have a key role in 
tumorigenesis (19,20). The S100 protein family has a significant 
role in the regulation of multiple cancer‑related cellular processes, 
including cell proliferation, differentiation, migration, invasion 
and epithelial‑mesenchymal transition (9). Previous studies have 
reported that S100A16 may serve as an effective prognostic 
indicator for various types of cancer, such as bladder (21), pancre‑
atic (22) and colorectal (10) cancer, and LUAD (11,23). In the 
present study, using bioinformatics analysis, S100A16 expression 
was predicted to be increased in LUAD tissues, which might 

Figure 7. S100A16 modulates the ECM‑receptor interaction pathway via regulating the MOV10‑mediated ITGA3 mRNA stability. (A) LinkedOmics database 
was used to predict the enrichment of S100A16 in the ECM‑receptor interaction pathway. (B) Western blotting was used to examine ITGA3, p‑SRC and SRC 
expression. ***P<0.001 vs. Control; ###P<0.001 vs. siRNA‑S100A16 + Ov‑NC. (C) RNA immunoprecipitation assay was used to detect the abundance of ITGA3 
mRNA pulled down with the MOV10 antibody. ***P<0.001 vs. IgG. (D) Transfection efficacy of siRNA‑MOV10 was detected by western blotting. (E) Reverse 
transcription‑quantitative PCR analysis of ITGA3 mRNA expression after MOV10 was knocked down or overexpressed. ***P<0.001 vs. siRNA‑NC; ###P<0.001 
vs. Ov‑NC. (F) Actinomycin D assay was used to detect ITGA3 mRNA stability. **P<0.01, ***P<0.001 vs. siRNA‑NC; #P<0.05, ###P<0.001 vs. siRNA‑S100A16 + 
Ov‑NC. ECM, extracellular matrix; ITGA3, integrin α3; MOV10, Mov10 RNA helicase; NC, negative control; Ov‑MOV10, MOV10 overexpression vector; 
Ov‑NC, empty NC vector; p‑, phosphorylated; S100A16, S100 calcium‑binding protein A16; siRNA, small interfering RNA.
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be associated with the low overall survival rate of patients with 
LUAD. Emerging studies have identified the oncogenic potential 
of S100A16 in the majority of cancer types, such as by driving 
cell proliferation, migration and invasion (24‑26). In the present 
study, further investigation showed that S100A16 knockdown 
hampered the proliferation, migration and invasion of H1975 
cells, which was consistent with the study by Wu et al  (13), 
in which it was demonstrated that S100A16 accelerated cell 
proliferation and metastasis in LUAD. MMPs are considered 
critical regulators in tumor invasion and metastasis, since they are 
capable of disrupting the ECM and vascular basement membrane 
of tumor cells, conferring the invasive ability of these cells to 
the basement membrane, and resulting in tumor cell migration 
and invasion (27,28). In the present study, it was discovered that, 
after S100A16 expression was knocked down, the expression 
levels of MMP2 and MMP9 were also decreased. Accordingly, 
the anti‑proliferative, anti‑invasive and anti‑migratory roles of 
S100A16 inhibition in LUAD cells were affirmed.

Angiogenesis is the process by which new blood vessels 
form from pre‑existing blood vessels (29). Moreover, angio‑
genesis has been well established as a prerequisite for tumor 
progression and metastasis, through providing oxygen and 
nutrients to cancer cells and supplying a route for cancer 
cell metastasis (30,31). Additionally, the association of high 
angiogenic activity with advanced tumor growth and metas‑
tasis in LUAD has been previously demonstrated  (32,33). 
VEGF is a key regulator of angiogenesis that typically exerts 
its biological effects by binding to its receptors (34). VEGF 
and VEGFR2 have been shown to be primarily expressed in 
lung cancer cells, and to be closely linked to the occurrence, 
development and metastasis of lung cancer (35). Furthermore, 
previous evidence has demonstrated that S100A16 knockdown 
can inhibit angiogenesis, and decrease VEGF and VEGFR2 
expression in renal cancer cells (25). In the present study, the 
experimental data highlighted the inhibitory role of S100A16 
knockdown in the angiogenesis of HUVECs, as manifested by 
the decrease in endothelial capillary‑like structures, and the 
downregulation of VEGF and VEGFR2 expression.

Interactions among proteins are central to diversified biolog‑
ical processes, the dysfunction of which is also implicated in the 
pathogenesis of cancer (36). In the present study, the Pathway 
Commons and BioGRID databases predicted that MOV10 was 
a potential protein that may bind to S100A16, which was further 
verified by Co‑IP assay. In addition, it was observed that MOV10 
protein expression was decreased after S100A16 expression was 
knocked down. MOV10 is a novel RBP, the expression of which 
has been reported to be 2‑3 times higher in cancer cells than 
that in normal cells (14). Additionally, it has been indicated 
that MOV10 may act as an oncogene in several types of human 
cancer (37,38). Particularly, high MOV10 expression has been 
implicated in the poor prognosis of LUAD (15), and has been 
shown to mediate cell viability, migration and angiogenesis in 
glioma (39). On this basis, it was further delineated that MOV10 
expression was upregulated in LUAD cells, and that overex‑
pression of MOV10 partially reversed the effects of S100A16 
knockdown on the proliferation, migration, invasion and angio‑
genesis of H1975 cells.

RBPs serve an important role in the regulation of mRNA 
stability and translation at the post‑transcriptional level through 
binding with mRNAs in cancer  (40). As predicted by the 

ENCORI database in the present study, ITGA3 mRNA may be 
a downstream target of MOV10. The findings of the present study 
demonstrated that a high abundance of ITGA3 mRNA was pulled 
down by the MOV10 antibody, and that MOV10 knockdown 
reduced both the mRNA stability and expression of ITGA3 in 
LUAD cells, suggesting a notable interaction between MOV10 and 
ITGA3 mRNA. ITGA3 is a member of the integrin family that 
can interact with ECM proteins as a cell surface adhesion mole‑
cule (41). Focal adhesions are assemblies of cell‑ECM linkages 
mediated by integrin, causing a cascade activation of focal adhe‑
sion kinase and SRC (42). Compelling evidence has suggested that 
inactivation of SRC signaling by ING3 can inhibit the malignant 
progression of LUAD (43). A recent study has also demonstrated 
that early‑stage lung cancer may be driven by a transitional cell 
state dependent on a KRAS/ITGA3/SRC axis (44). Accumulating 
reports have indicated that ITGA3 may be a potential predictor of 
prognosis in NSCLC (16), and could contribute to invasion and 
angiogenesis in nasopharyngeal carcinoma (45). In the present 
study, the LinkedOmics database was used to predict that S100A16 
was highly enriched in the ECM‑receptor interaction pathway in 
LUAD cells, and knockdown of S100A16 expression was shown to 
decrease the expression levels of ITGA3 and p‑SRC/SRC, which 
were increased following MOV10 overexpression.

Notably, there are some limitations in the present study. 
First, only S100A16 knockdown without S100A16 overexpres‑
sion was used to detect the effects of S100A16 on MOV10 and 
the malignant properties of LUAD cells. Second, only one 
LUAD cell line was used to explore the malignant properties 
of these cells, and other cell lines should be included in future 
investigation. Finally, future studies should aim to analyze the 
effects of ITGA3 on the proliferation and migration of LUAD 
cells, which were not assessed in the present study.

In conclusion, the present study demonstrated that S100A16 
can facilitate cell proliferation, migration, invasion and angio‑
genesis in LUAD, most likely as a result of increased ITGA3 
mRNA stability and regulation of the ECM‑receptor interaction 
pathway via binding to MOV10. The present study supports the 
significance of S100A16 in LUAD, which may provide value for 
LUAD therapy.
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