
MOLECULAR MEDICINE REPORTS  23:  164,  2021

Abstract. S100 calcium binding protein A16 (S100A16) 
is the most recent member of the S100 calcium-binding 
protein family. The function of S100A16 has been associated 
with various types of cancer; however, its role in colorectal 
cancer (CRC) remains unknown. Therefore, the aim of the 
present study was to investigate the role of S100A16 in CRC 
progression. The Oncomine dataset used in the current study 
revealed that the expression of S100A16 was decreased in 
CRC compared with normal colorectal tissues. Similar results 
were also determined via immunohistochemistry. In addition, 
a negative association was identified between S100A16 expres-
sion and the prognosis of patients with CRC. Further functional 
experiments revealed that S100A16 knockdown promoted the 
proliferation, migration and invasion of HCT116 and SW480 
cells, and vice versa in Lovo cells. Epithelial-mesenchymal 
transition (EMT) was promoted and the JNK/p38 MAPK 
pathway was activated in HCT116 cells following S100A16 
knockdown, as determined via western blotting. Furthermore, 
S100A16 silencing promoted the migration and invasion of 
cells. EMT was also reversed when cells were treated with the 
JNK inhibitor (SP600125) or the p38 inhibitor (SB203580). In 
summary, the results of the present study demonstrated that 
S100A16 suppressed the proliferation, migration and invasion 
of CRC cells partially via the JNK/p38 MAPK signalling 
pathway and subsequent EMT mediation.

Introduction

Colorectal cancer (CRC) is one of the most common cancer 
types and is the second cause of cancer-associated mortality 
worldwide, causing about 600,000 deaths per year  (1). 
Despite progress in diagnostic and therapeutic techniques, the 
overall survival rate of patients with CRC remains poor, due 
to diagnosis occurring at a later stage, where metastasis has 
developed (2,3). Therefore, it is important to gain a greater 
understanding of the underlying molecular mechanisms 
involved in CRC, which will contribute to the early diagnosis 
and effective treatment of the disease.

S100 calcium binding protein A16 (S100A16) is a 
member of the S100 protein family, which is comprised of 
acidic proteins with an EF-hand Ca2+ binding motif (4). S100 
proteins serve a variety of regulatory functions in cellular 
processes, such as motility, differentiation, cell prolif-
eration, contraction, transcription, cell cycle processes and 
secretion (5). The abnormal protein expression of S100 has 
been exhibited in several types of tumour and is considered 
to be a potential marker of cancer (6,7). As the most recent 
member of the S100 family, S100A16 has been implicated 
in numerous human pathophysiological processes, such 
as inflammation, adipogenesis, osteoporosis and tumour 
progression (8-10). In addition, previous studies have reported 
that the function of S100A16 in cancer is complex (11-14). For 
instance, S100A16 demonstrates a variable effect in tumour 
cells of different tissues. Several studies have reported that 
S100A16 is associated with tumour progression in bladder, 
lung and breast cancer (11-13). However, an additional study 
reported the tumour-suppressive function of S100A16 in 
oral squamous cell carcinoma (14). Moreover, the abnormal 
expression of S100A16 is involved in CRC progression. It 
has also been shown that the low membrane expression of 
S100A16 is associated with a poor prognosis in patients with 
CRC, potentially serving as a suppressor of cancer  (15). 
However, the specific modulatory role of S100A16 in CRC is 
yet to be elucidated.

The aim of the present study was to investigate whether 
S100A16 could inhibit the progression of CRC by regulating 
JNK/p38 MAPK signalling pathway, which may provide 
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insight into the role of S100A16 in CRC as a potential prog-
nostic marker of patients with CRC.

Materials and methods

Data collection and analysis. The data of 45 colorectal adeno-
carcinoma and 24 normal colorectal tissues were downloaded 
from the GSE20916 microarray dataset (http://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE20916) (16). The mRNA 
expression values of S100A16 in colorectal adenocarcinoma 
and normal colorectal tissues were analyzed on the Oncomine 
platform (https:// www.oncomine.org/), which collects publicly 
available cancer microarray data. The term ‘S100A16’ was 
searched on Oncomine. ‘Cancer type’ and ‘analysis type’ were 
then defined as ‘colorectal cancer’ and ‘cancer vs. normal 
analysis’, respectively. The cut-off of P-value and fold change 
were 0.05 and 2, respectively. The data were also analysed 
with an unpaired-t test between two groups using GraphPad 
Prism 6 (GraphPad Software, Inc.).

Tissue samples and microarrays. A total of 10 CRC samples 
and paired colorectal normal tissues were obtained from 
patients (age range, 31-71 years; 6 male and 4 female patients) 
admitted to the Department of Gastrointestinal Surgery, 
Nanfang Hospital, Southern Medical University between 
January 2015 and June 2019. All patients provided written 
informed consent and the study protocol was approved by 
the Nanfang Hospital Institutional Review Board (approval 
no. NFEC-2017-147). In addition, microarrays of CRC tissue 
comprising 100 cases (60 cases of CRC samples with matched, 
normal colorectal tissue samples; 40 cases were CRC samples 
alone.) were purchased from Shanghai Outdo Biotech Co., Ltd. 
All tumours were diagnosed as colorectal adenocarcinoma and 
all specimens were used for routine pathological processing. 
Out of all 110 specimens used in the present study, 104 had 
complete clinicopathological features and complete follow-up 
data.

Cell culture and treatment. Human CRC cell lines, including 
SW480, SW620, HCT116 and Lovo, were obtained from The 
Cell Bank of Type Culture Collection of Chinese Academy 
of Sciences and identified by the American Type Culture 
Collection. RKO cells were obtained from the American 
Type Culture Collection. All cells were cultured in medium 
containing 90% DMEM (HyClone; Cytiva) and 10% FBS 
(HyClone; Cytiva) in a 5% CO2 atmosphere at 37˚C.

To determine the impact of the JNK or p38 MAPK 
pathway, 10 µM JNK inhibitor SP600125 (cat. no. 8177; Cell 
Signaling Technology, Inc.) or 10 µM p38 inhibitor SB203580 
(cat. no. 5633; Cell Signaling Technology, Inc.) were applied 
to HCT116 cells and incubated at 37˚C with 5% CO2 for 48 h.

Immunohistochemistry (IHC) staining. Tissue samples were 
fixed with 4% paraformaldehyde for 2 days at room tempera-
ture and embedded in paraffin, after which 4-µm were cut 
and mounted onto slides. Slides were incubated at 56˚C, 
deparaffinised in xylene and dehydrated in a graded series of 
alcohol. Heat-induced antigen retrieval was carried out with 
sodium citrate (pH 6.0) in a microwaving at 100˚C for 30 min, 
IHC staining was performed as previously described (17). 

Briefly, endogenous peroxidase activity was inhibited using 
3% hydrogen peroxide for 10 min at room temperature. After 
blocking with 5% goat serum (cat. no. BMS0050; Abbkine 
Scientific Co., Ltd.) diluted with PBS at room temperature for 
30 min, sections were incubated with anti-S100A16 antibodies 
(cat. no. 11456-1-AP; 1:300; ProteinTech Group, Inc.) at 4˚C 
overnight. Samples were then incubated with HRP-conjugated 
secondary antibodies (cat.  no.  ab5879; Abcam) at room 
temperature for 30 min. The resulting protein was presented 
as a brown pigment using the standard diaminodianiline 
method (cat.  no.  SAP 9101; OriGene Technologies, Inc.). 
Slides were subsequently double-stained with haematoxylin 
at room temperature for 20 sec, after which immunostaining 
was assessed using an Olympus BX-53 microscope (Olympus 
Corporation; magnification, x100-400). The degree of 
IHC staining was evaluated as previously described (0, no 
staining; 1, weak staining; 2, moderate staining; and 3, strong 
staining) (18). Scores of 0-1 were defined as low expression, and 
scores of 2-3 were defined as high expression. The immuno-
reactivity score was determined as follows: Immunoreactivity 
score = the percentage of positive staining x the staining 
intensity score.

Overexpression and knockdown of S100A16. Based on 
the S100A16 gene sequence in GenBank (NM_080388; 
https://www.ncbi.nlm.nih.gov/nuccore), primers specifically 
matching S100A16 mRNA were constructed, which were 
amplified, cut by HindIII and BamHI and then sub-cloned 
into pcDNA3.1 vector (cat. no. P0157; www.miaolingbio.com) 
or GV287-EGFP lentiviral vector (Shanghai GeneChem Co., 
Ltd.) to overexpress S100A16 after screening. The empty lenti-
viral vector was used as a negative control.

To overexpress S100A16, colon cancer cells were 
transfected with 5 nM S100A16 pcDNA3.1(+) vector using 
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions for two days at 
37˚C. After 48 h of transfection, the expression of S100A16 
was determined via western blotting, and the transfected cells 
were collected for subsequent experiments in vitro.

For lentivirus transduction, 7.5 µg GV287-EGFP-S100A16 
(lenti-S100A16) lentiviral vector (Shanghai GeneChem 
Co., Ltd.), mixed with 5 µg pMD2.G (cat. no. p2062; www.
miaolingbio.com) and 10 µg psPAX2 (cat. no. p2061; www.
miaolingbio.com), were co-transfected into 293T cells (The 
Cell Bank of Type Culture Collection of Chinese Academy 
of Sciences) with Lipofectamine® 2000 reagent (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions at 37˚C with 5% CO2 for 48 h. The viral supernatants 
were collected, centrifuged at 4000 x g for 10 min at 4˚C, 
then filtered through 0.45-µm PVDF membranes. The virus 
concentration was determined by reverse transcription-
quantitative PCR to measure the number of integrated copies 
of 293T cells. Lentivirus (lentivirus-S100A16) were then used 
to infect colon cancer cells using 5 µg/ml polybrene (Hanbio 
Biotechnology Co., Ltd.) with an MOI of 5. The infected cells 
were cultured with puromycin (5 µg/ml) for 14 days at 37˚C to 
establish stably infected cells for mouse xenografts.

To knockdown S100A16, CRC cells were transfected with 
50 nM S100A16 small interfering RNA (siRNA/siS100A16; 
Shanghai GenePharma Co., Ltd.) using Lipofectamine 
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2000 reagent (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions for 2 days at 37˚C. The 
following sequences were utilized: si-S100A16#1, sense, 
5'-GCAUCA GCUUCGAUGAGUATT-3' and antisense, 
5'-UACUCAUCGAAGCUGAUGCTT-3'; si-S100A16#2, 
sense, 5'-CCAGAACCUGGAUGCCAAUTT-3' and antisense, 
5'-AUUGGCAUCCAGGUUCUGGTT-3'; si-S100A16#3, 
sense, 5'-GCUGGAGAAGGCAGUCAUUTT-3' and antisense, 
5'-AAUGACUGCCUUCUCCAGCTT-3'; negative control, 
sense, 5'-UUCUCCGAACGUGUCACGUTT-3' and antisense, 
5'-ACGUGACACGUUCGGAGAATT-3'. At 48 h following 
transfection, the expression of S100A16 was determined via 
western blotting, and the transfected cells were collected for 
subsequent experiments.

Cell proliferation assay. After S100A16 siRNA was trans-
fected into SW480 and HCT116 cells or following S100A16 
pcDNA3.1(+) vector transfection into Lovo cells, CRC cells 
(1x103 cells/well) were seeded into 96-well plates. Cells 
were cultured for 24, 48, 72, 96 and 120 h, after which 10 µl 
Cell Counting Kit-8 (CCK-8) solution (Dojindo Molecular 
Technologies, Inc.) was added and incubated in a 5% CO2 
atmosphere at 37˚C for an additional 4 h. The kit was used 
according to the manufacturer's instructions. Optical density 
was measured at 450 nm using an automatic enzyme stan-
dard.

Cell migration and invasion assays. Cell migration and inva-
sion assays were performed using a Transwell system (Corning, 
Inc.). For cell invasion, an 8 µm-pore polycarbonate membrane 
was coated with Matrigel (BD Biosciences) at 37˚C for 5 h. 
Cells at density of 2.5x104 (migration) and 5x104 (invasion) 
per well were suspended in 500 µl serum-free medium and 
subsequently added to the upper chamber. A total of 600 µl 
medium containing 10% FBS was added to the lower chamber. 
After 24 (migration) or 48 h (invasion) incubation at 37˚C, 
migrated or invaded cells in the lower chambers were stained 
with 0.1% crystal violet at room temperature for 30 min and 
counted using light microscopy (magnification, x100).

RNA isolation and reverse transcription-quantitative PCR 
(RT-qPCR). Total RNA was extracted from the harvested cells 
using TRIzol® (Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. First-Strand cDNA Synthesis 
was carried out by reverse-transcription using PrimeScript™ 
RT Master Mix (Takara) and qPCR was performed with a 
LightCycler 480® System (Roche Diagnostics) using SYBR- 
Green mix (Takara Bio, Inc.), according to the manufacturer's 
instructions. The thermocycling conditions were as follows: i) 
94˚C for 5 min; ii) 40 amplification cycles at 94˚C for 30 sec, 
57˚C for 30 sec and 72˚C for 30 sec; and iii) 72˚C for 5 min. The 
primer sequences used for PCR were as follows: i) S100A16 
forward, 5 '-TTTTGTCCATCTCCTTTCACCA-3 ' and 
reverse, 5'-CAGGCAAATCAGACTCCCTTC-3'; ii) S100A4 
forward, 5-GTACTCGGGCAAAGAGGGTG-3' and reverse, 
5'-TTGTCCCTGTTGCTGTCCAA-3'; iii) S100A14 forward, 
5 '-TGCTCTAGAATGGGACAGTGTCGGTCAGCC-3 ' 
and reverse, 5'-CGCGGATCCTCAGTGCCCCCGGA 
CAGGCCT-3'; and iv) GAPDH (the internal reference) 
forward, 5'-CTGGGCTACACTGAGCACC-3' and reverse, 

5'-AAGTGGTCGTTGAGGGCAATG-3'. Relative gene 
expression was determined using the 2-ΔΔCq method (19).

Western blotting. Cultured cells were lysed in RIPA buffer 
containing 1X protease cocktail inhibitor (Sigma-Aldrich; 
Merck KGaA). Protein concentrations were determined using 
a BCA protein assay kit (Thermo Fisher Scientific, Inc.). A 
total of 30 µg proteins from different groups were then sepa-
rated on 10-12% SDS-polyacrylamide gels for electrophoresis. 
Separated proteins were transferred to PVDF membranes 
(EMD Millipore). After being blocked with non-fat milk for 
1 h at room temperature, the membranes were incubated with 
the following primary antibodies at 4˚C overnight: anti-rabbit 
S100A4 (cat. no. 16105-1-AP; 1:500; ProteinTech Group, Inc.), 
anti-rabbit S100A14 (cat. no. 10489-1-AP; 1:500; ProteinTech 
Group, Inc.), anti-rabbit S100A16 (cat. no. 11456-1-AP; 1:500; 
ProteinTech Group, Inc.) anti-phosphorylated (p)-rabbit JNK 
(cat. no. 9255; Cell Signaling Technology, Inc.), anti-rabbit 
JNK (cat. no. 9252; Cell Signaling Technology, Inc.), anti-p-
rabbit ERK1/2 (cat. no. 4370; Cell Signaling Technology, Inc.), 
anti-rabbit ERK1/2 (cat. no. 4695; Cell Signaling Technology, 
Inc.), anti-p-rabbit p38 MAPK (cat. no. 9216; Cell Signaling 
Technology, Inc.), anti-rabbit p38 MAPK (cat.  no.  9212; 
Cell Signaling Technology, Inc.), anti-rabbit vimentin 
(cat. no. 12826; Cell Signaling Technology, Inc.), anti-mouse 
E-cadherin (cat.  no.  14472; Cell Signaling Technology, 
Inc.), anti-mouse N-cadherin (cat. no. 14215; Cell Signaling 
Technology, Inc.) and anti-mouse GAPDH (cat. no. 51332; 
Cell Signaling Technology, Inc.). After incubation with 
horseradish peroxidase-conjugated secondary antibodies 
(cat. nos. 7074 and 7076; Cell Signaling Technology, Inc.) for 
1 h at room temperature, immunoreactive proteins were visu-
alized using chemiluminescence detection reagents (EMD 
Millipore) using the FluorChem E system (ProteinSimple). 
Blots were semi-quantified using AlphaView SA software 
(ProteinSimple; version 3.4.0.0). The grayscale values of 
protein bands were normalized to that of GAPDH.

Mouse xenografts of CRC cells. A total of 10 BALB/c nude male 
mice (weight, 12-14 g; age, 4-6 weeks) were purchased from 
Hunan SJA Laboratory Animal Co., Ltd. The mice were fed 
with common feed and sterile water ad libitum and housed in 
21-23˚C with 54-56% humidity and a 12-h light/dark cycle. Lovo 
cells (2x106) were infected with Lenti-Vector or Lenti-S100A16 
(S100A16 overexpression vector) and were injected subcutane-
ously into the flanks of mice to construct the xenograft model 
(n=5/group). Tumour volume was measured and recorded every 
three days. At 21 days after injection, all mice were euthanized 
via cervical dislocation. The mice were considered to be dead 
when the heart and breathing stopped. The tumour xenografts 
were removed to determine their size and weight. The largest 
tumour diameter was 1.5 cm. All experimental procedures 
were conducted in accordance with the ethical standards of 
the Ethical Committee of Nanfang Hospital, Southern Medical 
University. Study approval was additionally gained from the 
Institutional Animal Care and Use Committee of Southern 
Medical University (approval no. L2018160).

Statistical analysis. GraphPad Prism 6 (GraphPad Software, 
Inc.) and SPSS 22.0 (IBM Corp.) software was used to assess 
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the statistical significance of differences between groups. 
Data were analysed using an unpaired or a paired two-tailed 
Student's t-test for two groups, or one-way ANOVA followed 
by Tukey's post hoc test for multiple groups. Two-way ANOVA 
with Bonferroni's correction was used for statistical analyses 
between different treatments, different cell cohorts or different 
time points. χ2 or Fisher's exact tests were used to compare 
the differences in age, sex, pathological differentiation, T clas-
sification, N classification and American Joint Committee on 
Cancer (AJCC) stages (Table I). Data are presented as the 
mean ± SD from a minimum of three experimental repeats. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

S100A16 is decreased in human CRC tissues. To identify the 
potential role of S100A16 in CRC, gene expression profiles 

were analysed from Oncomine microarray datasets  (16). 
The results revealed that S100A16 mRNA was significantly 
downregulated in colorectal adenocarcinoma compared with 
normal tissues (Fig. 1A). The expression of S100A16 was 
subsequently determined in 70 CRC samples (clinical samples 
from Nanfang Hospital, n=10; paired samples in CRC tissue 
microarrays purchased from Shanghai Outdo Biotech Co., 
Ltd., n=60) and paired normal adjacent tissues. As presented 
in Fig. 1B, IHC analysis demonstrated that S100A16 exhib-
ited weaker staining in CRC tumour tissues compared with 
normal tissues. In addition, S100A16 protein was localized to 
the cell membrane and cytoplasm of CRC cells. To confirm 
the expression of S100A16 in CRC, CRC microarrays were 
screened alongside the CRC samples obtained in the present 
study. The results demonstrated that S100A16 was decreased 
in CRC tissues compared with normal colon tissues (Fig. 1C). 

The expression levels of S100A16 mRNA and protein in five 
CRC cell lines were examined via RT-qPCR and western blot-

Figure 1. S100A16 is decreased in human colorectal cancer. (A)Analysis of S100A16 expression in normal colorectal tissues and colorectal adenocarcinoma 
tissues in the Skrzypczak in Oncomine microarray dataset, as assessed using an unpaired-t test. P<0.05. (B) Representative images of S100A16 protein expres-
sion in CRC tumour tissues and paired normal adjacent tissues, as assessed via immunohistochemistry. Magnification, x400. **P<0.01, paired Student's t-test. 
(C) Representative images of difference scores indicating S100A16 protein expression in CRC tumour tissues and paired normal adjacent tissues (magnifica-
tion, x400). The proportion of S100A16-expressing in CRC tissue samples was also analysed. **P<0.01, χ2 test. S100A16 (D) mRNA and (E) protein expression 
in CRC cell lines, as determined via reverse transcription-quantitative PCR and western blotting, respectively. (F) Kaplan-Meier analysis of the survival rates 
in patients with CRC with S100A16 low or high expression. CRC, colorectal cancer; S100A16, S100 calcium binding protein A16, IRS, immunoreactive score.
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ting, respectively. The results indicated that S100A16 mRNA 
and protein expression levels were markedly decreased in Lovo 
and SW620 CRC cell lines (Fig. 1D and E). Among the CRC 
cell lines assessed in the present study, HCT116 and SW480 
cells exhibited higher expression levels of S100A16, and as 
such, were selected to perform loss-of-function experiments. 
Lovo cells exhibiting lower expression levels of S100A16 were 
selected for gain-of-function experiments. As SW620 cells did 
not express an appropriate level of S100A16, they were not 
selected for further study.

S100A16 is negatively associated with CRC progression and 
positively associated with patient survival. To investigate 
the clinical importance of S100A16 in CRC, the relationship 
between patient clinicopathological features and S100A16 
expression was analysed. Patients with CRC were classi-
fied into low and high S100A16 expression groups based on 
immunostaining scores (16). The results suggested that the 
expression of S100A16 was closely associated with patholog-
ical differentiation (P=0.036) and N classification (P=0.034). 
However, no association was identified between age, sex, T 
classification and AJCC stage (Table I). Furthermore, patients 
in the low S100A16 expression group demonstrated poor 
prognosis, with a lower survival time (Fig. 1F). The results 
indicated that S100A16 may be involved in CRC development 
and could serve as a potential therapeutic target for CRC.

S100A16 inhibits CRC cell proliferation, migration and 
invasion. To determine whether S100A16 affects CRC cell 

proliferation, migration and invasion, siRNAs targeting 
S100A16 were transfected into HCT116 and SW480 cells. 
The results demonstrated that S100A16 protein expression 
was significantly decreased following siRNA transfection. 
si-S100A16#1, si-S100A16#2, and si-S100A16#3 were all 
efficiently in silencing S100A16; thus, only two siRNAs were 
arbitrarily selected for subsequent experiments (Fig.  2A). 
However, no significant differences were identified in 
cells transfected with S100A4 and S100A14 siRNA, indi-
cating that S100A16 knockdown was specific to S100A16 
(Fig. S1A and B). Subsequently, the S100A16 overexpression 
vector was transfected into Lovo cells for S100A16 upregula-
tion (Fig. 2B). CCK-8 assays were then performed to determine 
cell proliferation. The results indicated that proliferation was 
increased in S100A16-silenced HCT116 and SW480 cells, but 
decreased in S100A16-overexpressing Lovo cells, compared 
with the corresponding control groups (Fig.  2C  and  D). 
The results of Transwell assays demonstrated that S100A16 
knockdown promoted the migration and invasion of HCT116 
and SW480 cells, whereas S100A16 overexpression had the 
opposite effect in Lovo cells (Fig. 3A and B).

S100A16 knockdown activates the JNK/p38 MAPK signal-
ling pathway to promote epithelial-mesenchymal transition 
(EMT). The signalling pathways associated with the S100A16-
mediated suppression of CRC cell proliferation, migration and 
invasion were assessed in the current study. Previous reports 
have revealed that S100A16 affects the JNK/p38 MAPK 
signalling pathway (9,20), which serves an important role in 

Table I. Association between clinicopathological features and S100A16 expression in 104 patients with colorectal cancer.

	 S100A16 expression
	 ---------------------------------------------------------------------
Variables	 n	 Low (n=71)	 High (n=33)	 χ2	 P-value

Age, years				    0.280	 0.596
  ≤50	 19	 12	 7
  >50	 85	 59	 26
Sex				    0.000	 0.987
  Female	 44	 30	 14
  Male	 60	 41	 19
Pathological differentiation				    6.638	 0.036
  I (high)	 11	 7	 4
  II (moderate)	 49	 28	 21
  III (poor)	 44	 36	 8
T classification				    0.133	 0.715
  T1 + T2	 6	 5	 1
  T3 + T4	 98	 66	 32
N classification				    4.477	 0.034
  N0	 60	 36	 24
  N1 + N2	 44	 35	 9
AJCC stage				    3.311	 0.069
  I + II	 59	 36 	 23
  III + IV	 45	 35	 10

S100A16, S100 calcium binding protein A16. AJCC, American Joint Committee on Cancer.
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CRC (21,22). Thus, western blotting was performed to assess 
the factors associated with the MAPK signalling pathway in 
S100A16-inhibited HCT116 cells. The results identified that 
p38, ERK and JNK phosphorylation levels were increased in 
HCT116 cells following S100A16 knockdown. However, ERK 
phosphorylation levels were not as high as those observed 
for p38 and JNK (Fig. 4). Additionally, S100A16 knockdown 
increased the expression levels of the mesenchymal markers 
N-cadherin and vimentin, as well as decreased the expression 
of the epithelial marker E-cadherin (Fig. 4).

To confirm that the MAPK signalling pathway served a role 
in S100A16-modulated CRC cellular activity, the JNK inhibitor 
SP600125 and the p38 inhibitor SB203580 were administered 
to HCT116 cells. SP600125 and SB203580 significantly 
repressed the increase in HCT116 cell migration and invasion 
caused by S100A16 silencing (Fig. 5A). The results of western 

blotting suggested that SP600125 and SB203580 treatments 
significantly inhibited the S100A16 knockdown-mediated 
activation of JNK and p38 in HCT116 cells. SP600125 and 
SB203580 also suppressed the augmented protein expression 
levels of N-cadherin and vimentin, and reversed the effect of 
S100A16 silencing on the protein expression of E-cadherin in 
HCT116 cells (Fig. 5B). The results suggested that S100A16 
suppressed EMT and that S100A16 may exert its effects via 
the JNK/p38 MAPK signalling pathway.

S100A16 elevation suppresses tumour growth in  vivo. To 
further determine the effects of S100A16 on colorectal cancer 
in vivo, tumour-bearing mice were constructed. Lenti-Vector 
and Lenti-S100A16 were transfected into Lovo cells to elevate 
S100A6 expression (Fig. S1C). The largest tumour diameter 
observed was 1.5 cm. It was determined that the size of tumours 

Figure 2. S100A16 inhibits the proliferation of CRC cells. (A) Western blot analysis of S100A16 protein expression in CRC cells transfected with S100A16 
siRNAs compared with si-Ctrl. Data were analysed using a one-way ANOVA followed by Tukey's post hoc test. **P<0.01. (B) Western blot analysis of 
S100A16 protein expression in CRC cells transfected with overexpression plasmids compared vectors, as assessed using an unpaired Student's t-test. **P<0.01. 
(C) S100A16 knockdown promoted the proliferation of HCT116 and SW480 cells. *P<0.05, vs. si-Ctrl. (D) S100A16 overexpression suppressed the proliferation 
of Lovo cells. *P<0.05. Cell proliferation was examined by performing Cell Counting Kit-8 assays and analysed using a two-way ANOVA with Bonferronis 
correction. CRC, colorectal cancer; siRNA/si, small interfering RNA; Ctrl, control; S100A16, S100 calcium binding protein A16; OD, optical density.
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in mice of the S100A16 overexpression group were markedly 
decreased compared with the control group (Fig. 6A and B). 

Additionally, S100A16 overexpression mice exhibited signifi-
cantly decreased tumour volumes and weights relative to 

Figure 3. S100A16 inhibits CRC cell migration and invasion. (A) S100A16 knockdown promoted the migration and invasion of the two CRC cell lines, which 
was analysed using a one-way ANOVA followed by Tukey's post hoc test. **P<0.01. (B) S100A16 overexpression suppressed the migration and invasion of 
Lovo cells, which was analysed using an unpaired Student's t-test. **P<0.01. Cell migration and invasion were determined by performing Transwell assays. 
CRC, colorectal cancer; S100A16, S100 calcium binding protein A16; siRNA/si, small interfering RNA; Ctrl, control.

Figure 4. S100A16 knockdown activates the JNK/p38 MAPK signalling pathway and promotes EMT. MAPK pathway-associated and EMT-associated pro-
teins were assessed via western blotting in HCT116 cells. Data were analysed with a one-way ANOVA followed by Tukey's post hoc test. **P<0.01; #P>0.05 (not 
significant). EMT, epithelial-mesenchymal transition; S100A16, S100 calcium binding protein A16; p-, phosphorylated; E-cad, E-cadherin; siRNA/si, small 
interfering RNA; Ctrl, control; N-cad, N-cadherin.
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the control mice (Fig. 6C and D). The results indicated that 
S100A16 overexpression inhibited CRC tumours in vivo.

Discussion

The S100 family comprises 21 identified Ca2+ binding proteins, 
several of which are upregulated in various tumours, serving 
vital roles in tumour progression (4,23). Among these proteins, 
S100A6 promotes the proliferation and migration of CRC 
cells (24). Additionally, S100A11 promotes CRC aggressive-
ness by modulating the TGFβ/Smad signalling pathway (25). 
Previous studies have reported that several S100 members are 
upregulated in CRC, including S100A2, S100A3, S100A4 and 

S100A8, and function as tumour promoters (26-29). In addi-
tion, low and high expression levels of S100A14 and S100A4, 
respectively, are associated with increased CRC metastasis (30). 
S100A14 interacts with S100A16 and regulates its expression 
in human cancer cells (31). Furthermore, S100A16 expression 
is decreased in CRC, which is associated with shorter overall 
survival times in patients with CRC (15). However, the role of 
S100A16 in CRC is yet to be fully elucidated. Therefore, the 
aim of the present study was to determine whether S100A16 
serves a functional role in CRC progression.

The present study analysed the expression of S100A16 
in the Oncomine microarray dataset, which revealed that 
S100A16 was downregulated in CRC. The expression of 

Figure 5. JNK/p38 MAPK signalling pathway inactivation is required for S100A16 knockdown-mediated HCT116 cellular effects. (A) Representative images of 
Transwell assays after treatment with the p38 inhibitor (SB203580) or the JNK inhibitor (SP600125) following western blotting in S100A16-silenced HCT116 
cells. (B) MAPK and epithelial-mesenchymal transition markers were examined via western blotting after treatment with the p38 inhibitor (SB203580) or the 
JNK inhibitor (SP600125) in S100A16-silenced HCT116 cells. Data were analysed with a one-way ANOVA followed by Tukey's post hoc test. **P<0.01 and 
*P<0.05; #P>0.05. S100A16, S100 calcium binding protein A16; p-, phosphorylated; E-cad, E-cadherin; siRNA/si, small interfering RNA; Ctrl, control; N-cad, 
N-cadherin.
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S100A16 was further examined in CRC tissue samples and 
paired adjacent normal tissues via IHC analysis. The results 
indicated that S100A16 expression was significantly decreased 
in CRC tumour tissues. The association between patient 
clinicopathological characteristics and S100A16 expression 
was subsequently determined. The results demonstrated 
that S100A16 expression was significantly associated with 
pathological differentiation and N classification. Furthermore, 
decreased S100A16 expression levels were significantly asso-
ciated with a poor patient prognosis, which is in line with the 
results of a previous study (15).

Previous studies have revealed that high levels of S100A16 
are associated with increased proliferation, migration and 
invasion (13,23,32). Additionally, S100A16 has been found to 
affect metastasis (20). However, the effect of S100A16 on the 
biological activity of CRC cells remains undetermined. The 
present study therefore investigated the proliferation, migration 
and invasion of CRC cells in vitro. The results demonstrated 
that S100A16 knockdown promoted the proliferation, migra-
tion and invasion of HCT116 and SW480 cells. By contrast, 
following S100A16 overexpression, the proliferation, migra-
tion and invasion of Lovo cells were decreased. These results 
indicated that S100A16 may serve as a tumour suppressor in 
CRC.

Since it has been reported that S100A16 interacts with the 
MAPK signalling pathway (9,20), which regulates cell prolif-
eration and migration, it was hypothesized that the MAPK 
signalling pathway may be involved in S100A16-mediated 
CRC. In the present study, markers of the MAPK signalling 
pathway were assessed following S100A16 knockdown. It was 
identified that S100A16 knockdown activated the JNK/p38 
MAPK signalling pathway. EMT is a physiological process that 

increases the migration and invasion of cells, as well as induces 
tumour metastasis and development (1,33,34). Additionally, 
EMT is regulated by S100A16 in breast cancer (35). Therefore, 
the present study assessed EMT markers to investigate the 
underlying mechanism of CRC progression using MAPK 
inhibitors following S100A16 knockdown. The results indi-
cated that S100A16 knockdown promoted CRC progression 
partially via the JNK/P38 MAPK pathway and its subsequent 
EMT. However, the detailed mechanism via which S100A16 
affects the JNK/P38 MAPK pathway was not fully assessed in 
the present study and may involve additional factors, such as 
transcription target genes or downstream effectors.

In conclusion, the present study investigated the potential 
function of S100A16 in CRC, the results of which provided 
insights into the tumour-suppressive role of S100A16 in CRC 
cells. S100A16 may serve as a prognostic indicator of CRC, 
potentially providing a reference for the early diagnosis 
of CRC, as well as a novel therapeutic target. However, the 
current study had several limitations. Additional experiments 
are therefore required to reveal the detailed underlying mecha-
nisms of S100A16 in CRC regulation and should be the focus 
of future research.
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