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Abstract. Cancer stem‑like cells (CSCs), which possess the ability 
to self‑renewal and are multipotent, are regarded as the cause of 
tumor formation, recurrence, metastasis and drug resistance. It is 
necessary to understand the properties of CSCs in order to treat 
them effectively. It has been previously reported that S100 family 
proteins, which carry calcium‑binding EF‑hand motifs and are 
associated with tumorigenic processes, serve crucial roles in 
maintaining cancer stem‑like properties. S100A16 is upregulated 
in various types of cancer, including bladder, lung and pancreatic. 
However, the roles of S100A16 in cancer cells, particularly CSCs, 
are not clear. The present study investigated the roles of S100A16 
in CSCs using the sphere formation assay of Yumoto cells, which 
are a human cervical carcinoma cell line. The mRNA expres-
sion levels were evaluated by reverse transcription‑polymerase 
chain reaction and the protein expression levels were detected 
by western blot analysis. Following the sphere formation of 
Yumoto cells, the mRNA and protein expression level of Oct4, 
Nanog and S100A16 were increased compared with the control 
cells. Following transfection with S100A16 small interfering 
RNA (siRNA), the mRNA and protein expression of Oct4 and 
Nanog were decreased and the spheroid size was significantly 
decreased in the sphere formation of Yumoto cells compared 
with control siRNA treated cells. There was no change in the p53 
mRNA expression level, whereas the p53 protein expression level, 
which was decreased by the sphere formation, was recovered by 
S100A16 knockdown. In addition, the protein expression levels of 

Oct4 and Nanog, which were increased in the sphere formation, 
were decreased by the proteasome inhibitor lactacystin. No differ-
ences were observed in the S100A16 protein expression between 
the presence or absence of lactacystin. These results suggest that 
S100A16 serves an important role in the CSCs of human cervical 
carcinoma and is a positive regulator of Oct4 and Nanog.

Introduction

The mortality of cancer is an important problem worldwide. 
Although many therapeutic strategies have been developed, 
they have not been sufficient for overcoming cancer. In 
particular, recurrence and treatment resistance make it diffi-
cult to treat cancer. Over the past decade, cancer stem‑like 
cells (CSCs), which possess self‑renewal and multipotency, 
are regarded as the cause of tumor formation, recurrence, 
metastasis, and drug resistance (1). Therefore, it is important 
to understand the properties of CSCs.

The several markers of CSCs have been reported, and Oct4 
and Nanog play important roles in stem cells (2‑4). Oct4, the 
homeodomain transcription factor of the POU family, is a 
key transcription factor for maintaining the self‑renewal and 
pluripotency of embryonic stem cells (ESCs) (2). In addition, 
it has been reported that Oct4 plays a crucial role in the main-
tenance of dedifferentiation in CSCs (3). Similarly, Nanog, 
the homeobox domain transcription factor, is an essential 
regulator of ESCs (5). Both Oct4 and Nanog are essential to 
maintain stem cell properties (5), and Nanog appears to be one 
of the markers of CSCs (4).

CSCs are also known to possess a high efflux system, 
and express several adenosine triphosphate‑binding cassette 
(ABC) transporters, such as P‑glycoprotein (P‑gp), breast 
cancer resistance protein (BCRP). Therefore, high expression 
of ABC transporters were common features of CSCs (6).

Recently, it has been reported that S100 proteins play 
crucial roles in maintaining cancer stem‑like properties (7,8). 
S100 is a family of calcium binding proteins of the EF‑hand 
type that are involved in tumor development and progression, 
such as cell growth, migration invasion, tumor microenviron-
ment, and stem properties (7,8).

S100A16 is a novel protein of the S100 family that is 
up‑regulated in various malignant tumors  (9). It had been 
reported that S100A16 was associated with epithelial 
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mesenchymal transition (EMT) and p53 tumor suppressor 
function (10,11). The EMT plays crucial roles in the formation 
and differentiation of tissues. Recent studies suggest that EMT 
is involved in cancer metastasis, progression, and CSC prop-
erties (7,12,13). These previous studies suggest that S100A16 
plays an important role in CSCs. However, the role of S100A16 
in cancer cells remains to be fully elucidated. In addition, the 
roles of S100A16 in CSCs also remain to be fully elucidated.

Therefore, we focused on S100A16 and investigated the 
roles of S100A16 in cancer cells by sphere formation assay.

Materials and methods

Cell culture. Yumoto, a human cervical squamous carcinoma 
cell line and has a wild‑type p53 gene, was maintained in RPMI 
1640 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) with 10% fetal bovine serum, 100 U/ml penicillin, 
100 µg/ml streptomycin, and 0.25 µmg/ml amphotericin B at 
37˚C in 5% CO2.

Sphere formation. Single‑cell suspensions of Yumoto cells 
were seeded in serum‑free Dulbecco's modified Eagle's 
medium/Nutrient Mix F‑12 medium (1:1), containing 
GlutaMAX‑I (DMEM/F12 + GlutaMAX; Invitrogen; Thermo 
Fisher Scientific, Inc.) medium with 20 ng/ml human recom-
binant epidermal growth factor (EGF) and 20 ng/ml human 
recombinant basic fibroblast growth factor (bFGF), cultured at 
a density of 1x106 cells/5 ml/dish in 60 mm ultra‑low attach-
ment dishes (Corning Incorporated, Corning, NY, USA) at 
37˚C in 5% CO2 for 3 days.

RNA interference. S100A16 and negative control small inter-
fering RNA (siRNA) duplexes were purchased from Qiagen 
GmbH, (Hilden, Germany). Yumoto cells were transfected 
using the Lipofectamine RNAiMAXTM reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. After the cells had incubated 24 h at 37˚C in 5% CO2, 
they were used in the following experiments.

Proteasome inhibition experiment. After the cells were 
cultured under the conditions of the sphere formation for 
3 days, these cells were treated with 10 µM lactacystin (Merck 
KGaA, Darmstadt, Germany) under the conditions of the 
sphere formation for 24 h.

Isolation of RNA and reverse transcription and polymerase 
chain reaction (RT‑PCR) method. Total RNA was extracted 
using the TRIzol reagent according to the manufacturer's 
instructions (Thermo Fisher Scientific, Inc.). RT‑PCR was 
performed with the SuperScript One‑Step RT‑PCR system 
(Thermo Fisher Scientific, Inc.) and gene‑specific primers 
according to the manufacturer's instructions. Reaction mixtures 
contained total RNA (100 ng of each), 0.2 mM dNTPs, 0.2 µM 
of sense and antisense primers, an enzyme mixture including 
SuperScript II RT, Platinum Taq DNA polymerase, and 1x 
buffer with 1.2 mM MgSO4. The reaction was performed at 
50˚C for 20 min, 94˚C for 2 min, followed by 26‑30 cycles of 
94˚C for 15 sec, 55˚C for 30 sec, and 70˚C for 30 sec. These 
sequences used the following primers: Oct4, 5'‑(GTG​GAG​
AGC​AAC​TCC​GAT​GGG)‑3', and 5'‑(CTC​CAC​CCA​CTT​

CTG​CAG​CAA)‑3'; Nanog, 5'‑(TCC​AAC​ATC​CTG​AAC​CTC​
AGC)‑3', and 5'‑(CTG​GAA​CTG​CAT​GCA​GGA​CTG)‑3'; 
P‑gp, 5'‑(TAC​AGC​ACG​GAA​GGC​CTA​ATG)‑3', and 5'‑(TGT​
TCT​CAG​CAA​TGC​TGC​AGT)‑3'; BCRP, 5'‑(TCA​GGA​AGA​
CTT​ATG​TTC​CAC)‑3', and 5'‑(AGC​TCT​GTT​CTG​GAT​TCC​
AGT)‑3'; multidrug resistance‑associated protein 1 (MRP1), 
5'‑(GAC​ACA​GTG​GAC​TCC​ATG​ATC)‑3', and 5'‑(CCA​CCA​
AGC​CAG​CAC​TGA​GGC)‑3'; p53, 5'‑(CGC​TGC​TCA​GAT​
AGC​GAT​GGT​CTG​G)‑3', and 5'‑(GAT​TCT​CTT​CCT​CTG​
TGC​GCC​GGT​C)‑3'; S100A16, 5'‑(ACT​GCT​ACA​CGG​AGC​
TGG​AGA)‑3', and 5'‑(GCA​AGG​GTC​AGA​GGA​AGG​TCT)‑3'; 
GAPDH, 5'‑(GCT​CAC​TGG​CAT​GGC​CTT​CCG​TGT​C)‑3', 
and 5'‑(CTC​CTT​GGA​GGC​CAT​GTG​GGC​CAT​G)‑3'.

Cell extracts and western blotting. Cells were lysed with 
RIPA buffer (50 mM Tris‑HCl, pH 8.0, 150 mM NaCl, 1% 
Nonidet P‑40 (NP‑40), 0.1% SDS, 0.5% sodium deoxycho-
late) containing protease inhibitor (complete EDTA‑free; 
Roche Diagnostics, Indianapolis, IN, USA) and centrifuged 
at 12,000  rpm for 10  min at 4˚C. The total cell extracts 
(50 µg each) were separated by 15% SDS‑polyacrylamide gel 
electrophoresis and transferred to polyvinylidene difluoride 
membrane (Bio-Rad Laboratories, Inc., Hercules, CA, USA) 
for S100A16, Oct4, Nanog, p53, and GAPDH detection. The 
membranes were washed in Tris‑buffered saline with Tween 20 
(TBS‑T, composed of 10 mM Tris‑HCl, pH 8, 150 mM NaCl, 
and 0.05% Tween 20), blocked for 1 h at room temperature 
with 5% nonfat milk in TBS‑T, and probed overnight at 4˚C 
with anti‑S100A16 (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany), anti‑Oct4 (Bioworld Technology, Inc., St. Louis 
Park, MN, USA), anti‑Nanog (Abcam, Cambridge, UK), 
anti‑p53 (Santa Cruz Biotechnology, Inc., Dallas, TX, USA), and 
anti‑GAPDH (Cell Signaling Technology, Inc., Danvers, MA, 
USA) antibodies. After incubation for 1 h at room temperature 
with horseradish peroxide‑conjugated secondary antibody, 
immunoreactive proteins were detected by the ECL detection 
system (GE Healthcare Life Sciences, Little Chalfont, UK).

Measurement of spheroid size in sphere formation assay. 
The spheroid size at day 3 in the sphere formation assay was 
measured by microscopy and calibration slide. The spheroid 
size was defined as the average spheroid diameter of 100 spher-
oids.

Statistical analysis. Differences between groups were tested by 
Student's t‑test. Data are presented as means ± SD. Differences 
were considered significant at P<0.01.

Results

Expression levels of Oct4, Nanog, ABC transporter, and 
S100A16 in sphere formation of Yumoto cells. To confirm the 
properties of the sphere formation of Yumoto cells, the expres-
sion levels of Oct4, Nanog, ABC transporter, and S100A16 
were examined. As shown in Figs. 1 and 2, the expression 
levels of Oct4, Nanog, BCRP, MRP1, and S100A16 increased 
in the sphere formation of Yumoto cells compared with the 
monolayer cultured cells. These data show that the expression 
of S100A16 up‑regulates in the sphere formation of Yumoto 
cells.
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Effect of S100A16‑targeting siRNA on spheroid forming 
in sphere formation of Yumoto cells. Only CSCs formed 
spheroids and survived in the non‑adherence and serum‑free 
culture conditions of the sphere formation assay. To examine 
whether S100A16 regulates the spheroid‑like body formation 
of Yumoto cells, the S100A16 or control siRNA treated cells 
were cultured under the non‑adherence and serum‑free culture 
conditions of the sphere formation assay for 3 days. Fig. 3 
shows the effect of S100A16 siRNA on spheroid forming in the 
sphere formation of Yumoto cells over the 3 days. The spheroid 
size was significantly decreased in S100A16 siRNA treated 
cells compared with control siRNA treated cells. These data 
indicate that S100A16 is involved in spheroid forming in the 
sphere formation of Yumoto cells.

Effect of S100A16‑targeting siRNA on expression of Oct4, 
Nanog, and p53 in sphere formation of Yumoto cells. Fig. 4 
shows the effect of S100A16‑targeting siRNA on the expres-
sion levels of Oct4, Nanog, and p53 in the sphere formation of 
Yumoto cells evaluated by RT‑PCR and immunoblotting. In 
the sphere formation of Yumoto cells, the expression levels of 
Oct4 and Nanog were decreased in S100A16 siRNA treated 

cells compared with control siRNA treated cells. These data 
suggest that S100A16 up‑regulates Oct4 and Nanog expression 
in the CSCs of Yumoto cells.

It has been reported that the expressions of Oct4 and 
Nanog are regulated by p53 and that S100A16 interacts with 
p53 (11,14). In order to confirm whether p53 was involved in the 
up‑regulation of Oct4 and Nanog by S100A16, the expression 
level of p53 was examined in the sphere formation of Yumoto 
cells after transfection with S100A16 siRNA. As shown in 
Fig. 4, there was no change in the mRNA expression level of 
p53, whereas the protein expression level of p53, which was 
decreased in the sphere formation, was recovered by S100A16 
knockdown. Therefore, the up‑regulation of Oct4 and Nanog 

Figure 1. The expression levels of Oct4, Nanog, and S100A16 in the sphere 
formation of Yumoto cells. The cells were cultured under the non‑adherence 
and serum‑free culture conditions of the sphere formation assay for 3 days. 
(A) Total RNA was extracted, and the expressions of Oct4, Nanog, and 
S100A16 were evaluated by reverse transcription‑polymerase chain reac-
tion. (B) The cell lysates were prepared from these cells, and the expressions 
of Oct4, Nanog, and S100A16 were detected by immunoblotting using 
antibodies against Oct4, Nanog, and S100A16. Oct4, octamer‑binding tran-
scription factor 4; Nanog, homeobox protein NANOG.

Figure 2. The expression levels of P‑gp, BCRP, and MRP1 in the sphere 
formation of Yumoto cells. The cells were cultured under the non‑adherence 
and serum‑free culture conditions of the sphere formation assay for 3 days. 
Total RNA was extracted, and the expressions of P‑gp, BCRP, and MRP1 
were evaluated by reverse transcription‑polymerase chain reaction. MRP1, 
multidrug resistance‑associated protein 1; P‑gp, P‑glycoprotein; BCRP, 
breast cancer resistance protein.

Figure 3. Effect of S100A16‑targeting siRNA on spheroid forming in 
the sphere formation of Yumoto cells. These cells were transfected with 
S100A16‑targeting or control siRNA. After these cells were incubated for 
24 h, the cells were cultured under the conditions of the sphere formation 
assay for 3 days. (A) The microphotographs of these cells' morphological 
changes in sphere formation are shown at various time points (0, 1, 2, and 
3 days). Scale bar, 500 µm. (B) The average spheroid size at day 3 was 
measured by microscopy and calibration slide. The data shown represent the 
mean ± standard deviation. *P<0.01. siRNA, small interfering RNA.

Figure 4. Effect of S100A16‑targeting siRNA on the expression of Oct4, 
Nanog, and p53 in the sphere formation of Yumoto cells. The cells were 
transfected with S100A16‑targeting or control siRNA. After these cells 
were incubated for 24 h, these cells were cultured under the conditions of 
the sphere formation assay for 3 days. (A) Total RNA was extracted, and 
the expression levels of Oct4, Nanog, p53, and S100A16 were evaluated by 
reverse transcription‑polymerase chain reaction. (B) The cell lysates were 
prepared from these cells, and the expression levels of Oct4 Nanog, p53, and 
S100A16 were detected by immunoblotting using antibodies against Oct4, 
Nanog, p53, and S100A16. Oct4, octamer‑binding transcription factor 4; 
Nanog, homeobox protein NANOG; siRNA, short interfering RNA.
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by S100A16 seems to be mediated by suppressing p53 in the 
sphere formation of Yumoto cells.

Effect of proteasome inhibition on expression of Oct4, Nanog, 
p53, and S100A16 in sphere formation of Yumoto cells. It 
has been reported that some S100 family members interact 
with p53 and promote proteasome‑dependent degradation 
of p53 (7,8,15,16). In order to confirm whether S100A16 was 
involved in p53 proteasome degradation, proteasome inhibi-
tion by lactacystin was examined in the sphere formation of 
Yumoto cells. As shown in Fig. 5A, the protein expression 
level of p53 was increased by lactacystin. The protein expres-
sion levels of Oct4 and Nanog, which were increased in the 
sphere formation, were decreased by lactacystin, whereas 
no difference was observed in the S100A16 protein levels 
between the presence or absence of lactacystin. The spheroid 
size was not affected by the addition of lactacystin. The results 
suggested that S100A16 may up‑regulate Oct4 and Nanog 
expression to promote p53 degradation in the CSCs of Yumoto 
cells (Fig. 5B).

Discussion

We have demonstrated in this study that the S100A16 gene 
positively regulated the expressions of Oct4 and Nanog in 
the sphere formation of Yumoto cells. This is the first report 
that S100A16 is involved in the expression levels of Oct4 and 
Nanog in CSCs.

In the present study, we used the sphere formation assay 
to evaluate CSCs. The sphere formation assay is based on the 
mechanism by which only CSCs survive, by forming spheroids, 
under non‑adherence and serum‑free culture conditions (17). 
The sphere formation assay is particularity useful to enrich the 
potential CSC subpopulations. Furthermore, numerous studies 

have demonstrated purported CSCs by the sphere formation 
assay (17‑19).

It has been reported that Oct4 expression maintained cancer 
stem‑like properties, and treatment with Oct4 siRNA resulted 
in decreased spheroid size in the sphere formation (3,20). The 
CSCs survived by forming spheroids in the culture conditions 
of the sphere formation assay, whereas non CSCs did not 
survive and did not form spheroids. Therefore, the suppression 
of the Oct4 expression after treatment with S100A16 siRNA 
affects the cancer stem cell‑like properties and reduces the 
number of viable cells in the culture conditions of the sphere 
formation of Yumoto cells.

The tumor suppressor protein, p53, is an important factor 
for the cell cycle and apoptosis, and its dysfunction is associ-
ated with increased tumor development (21,22). It has been 
reported that Oct4 and Nanog were negatively regulated by 
p53 (14), and p53 was negatively regulated by the interaction 
of S100A16 with p53  (11). It has been reported that S100 
protein family members interact with p53 and affect p53 
function (7‑9,15). In particular, S100A4 interacts with p53 
and promotes p53 proteasome degradation (16). In the present 
study, the protein expression levels of Oct4 and Nanog, which 
were increased in the sphere formation, were decreased 
by lactacystin, whereas no difference was observed in the 
S100A16 protein levels between the presence or absence of 
lactacystin. Although p53 is the frequently mutated tumor 
suppressor gene in human cancer (21,22), the Yumoto cell line 
has a wild‑type p53 gene (23). Hence, the results suggested 
that S100A16 may up‑regulate Oct4 and Nanog to promote p53 
degradation in the CSCs of Yumoto cells (Fig. 5B). It has been 
reported that a number of S100 proteins affect p53 function 
through several mechanisms, such as inhibition of p53 phos-
phorylation, modulation of the p53 oligomerization state, and 
p53 degradation (2,3). Further studies by other methods are 
needed to elucidate the mechanism for the regulation of p53 
function by S100A16.

Regulation of Oct4 and Nanog by the ubiquitin‑prote-
asome system and Oct4 and Nanog up‑regulation by 
proteasome inhibition in human embryonic stem cells has 
been reported (24,25). These previous reports were opposite 
to our result that Oct4 and Nanog were down‑regulated by 
the proteasome inhibitor. However, it has been reported that 
proteasome activity is down‑regulated in CSCs (26). Thus, 
the regulation of Oct4 and Nanog expression may be more 
affected by p53 than the ubiquitin‑proteasome system in the 
CSCs of Yumoto cells.

In the present study, Yumoto human cervical carci-
noma cells are used for experiments. There are no reports 
on the expression of S100A16 in cervical carcinoma. It 
has been reported that a high S100A16 expression level is 
correlated to poor prognosis in breast cancer and lung adeno-
carcinoma (27,28), whereas a low S100A16 expression level 
is correlated with reduced survival and poor tumor differen-
tiation in oral squamous cell carcinoma (29). Further studies 
are needed to clarify the function of S100A16 and its clinical 
significance in the various cancer types.

In conclusion, our data indicates that S100A16 is a positive 
regulator of Oct4 and Nanog in the CSCs of Yumoto human 
cervical carcinoma cells and that S100A16 may play important 
roles in the CSCs of Yumoto human cervical carcinoma cells.

Figure 5. (A) Effect of proteasome inhibition on the expressions of Oct4, 
Nanog, p53, and S100A16 in the sphere formation of Yumoto cells. After 
the cells were cultured under the conditions of the sphere formation assay 
for 3 days, these cells were treated with proteasome inhibitor lactacystin 
(10 µM) under the conditions of the sphere formation assay for 24 h. The 
cell lysates were prepared from these cells, and the expression levels of Oct4, 
Nanog, p53, and S100A16 were detected by immunoblotting using antibodies 
against Oct4, Nanog, p53, and S100A16. (B) Potential schematic diagram of 
the effect of S100A16 on the expression of Oct4 and Nanog expression in 
CSCs of Yumoto human cervical carcinoma cells. Oct4, octamer‑binding 
transcription factor 4; Nanog, homeobox protein NANOG.
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