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 Background: S100 calcium-binding protein A16 (S100A16) is closely related to the onset and progression of tumors.
 Material/Methods: In the research, the mainly purpose was to investigate the effect of S100A16 on the proliferation ability, inva-

sion, and angiogenesis of HeLa cells. An adenoviral vector overexpressing S100A16 (Ad-S100A16) was con-
structed and transfected into HeLa cells, forming a stable cells line of overexpression. The effect of S100A16 on 
the proliferative capacity of HeLa cells was evaluated by a Cell Counting Kit-8 (CCK-8) assay. Cell migration ca-
pacity was determined by a Transwell migration assay. Changes in matrix metalloproteinase-2 (MMP-2), MMP-9, 
E-cadherin, and vimentin expression were evaluated by a cell-based immunofluorescence assay. The effect of 
S100A16 on angiogenesis was verified by knockout experiment.

 Results: Overexpression of S100A16 significantly enhanced the proliferative and migratory capacities of HeLa cells 
(P<0.05), upregulated expression of matrix MMP-2, MMP-9, vimentin, phosphatidylinositol 3 kinase, and phos-
phorylated protein kinase B, and downregulated expression of E-cadherin. Vascular endothelial growth factor 
expression increased, phosphatase and tensin homolog expression decreased, and angiogenesis was positively 
correlated with S100A16 expression. These effects were largely mediated by the activation of the phosphati-
dylinositol 3 kinase/protein kinase B pathways.

 Conclusions: S100A16 could promote the proliferation, migration, and tumor angiogenesis of HeLa cells by regulating the 
phosphatidylinositol 3 kinase/protein kinase B signaling pathways.
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Background

Cervical cancer, one of the most frequent malignant tumors, 
poses a serious threat to women’s health worldwide [1]. It is 
currently believed that persistent high-risk human papilloma-
virus (HPV) infection is the underlying cause of precancerous 
cervical lesions and cervical cancer. HPV infection is a prereq-
uisite for the onset of cervical cancer, but not all women with 
HPV infection develop cervical cancer, indicating that other 
factors might contribute to the development of cervical can-
cer [2,3]. The picture is further complicated by a dramatic 
gap in the therapeutic approaches, such as surgery and che-
motherapy, often accompanied by side effects and complica-
tions. Thus, the identification of specific diagnostic and prog-
nostic markers, and the search of new therapeutic targets for 
cervical cancer, both of which are of paramount importance.

S100 calcium-binding protein A16 (S100A16) is a member of 
the S100 calcium-binding protein family, which is prone to 
chromosomal rearrangements and instability, leading to ma-
lignant transformation of cells [4,5]. The increased expression 
of S100A16 protein in various tumor cells reflects its close as-
sociation with the onset and progression of tumors [6–10]. 
S100A16 was participated the adjusting of various signaling 
pathways, like extracellular signal regulated kinase, Notch, and 
nuclear factor kappa B pathways. The study by Zhu et al. [11] 
showed that the overexpression of S100A16 promotes can-
cer cell proliferation and invasion by Akt and extracellular sig-
nal regulated kinase signaling pathways. Enhanced S100A16 
expression has also been associated with the expression of 
Notch1 in MCF-7 breast cancer cells, thereby promoting the 
onset of epithelial-mesenchymal transition [12,13]. Epithelial-
mesenchymal transition is associated with the onset of tumors 
and may contribute to the transformation of primary tumors 
into metastatic tumors via various steps, such as invasion, 
migration, extravasation, and colonization [14]. The downreg-
ulation of E-cadherin and the upregulation of vimentin enable 
the tumor cells to invade the basement membrane, thus lead-
ing to metastasis [15,16].

The phosphatidylinositol 3 kinase/protein kinase B (PI3K/Akt) 
signaling pathway controls various cellular events, such as cell 
apoptosis, cell cycle progression [17]. This pathway has a re-
lationship on the progression of tumor cells and plays a vital 
role in malignant proliferation, invasion and chemotherapy 
resistance. Therefore, the PI3K/Akt signaling pathway is ex-
pected to become a value target for tumor treatment [18]. 
However, the relationship between S100A16 and PI3K/Akt sig-
naling pathway in these cells have not yet been studied. For 
these reasons, we explored the overexpression, silencing of 
S100A16 and the mechanism on HeLa cell proliferation, inva-
sion, and angiogenesis.

Material and Methods

Cell culture and adenovirus infection

HeLa cells came from The Cell Bank of Type Culture Collection 
of Chinese Academy of Sciences (Shanghai, China) and cultured 
in Dulbecco’s Modified Eagle Medium, high glucose (Gibco) con-
taining 10% fetal bovine serum (FBS; Gibco) at 37°C in a 5% 
CO2 incubator. Adherent cells were passaged after being grown 
to 80% to 90% confluence and routinely harvested for storage.

Ad-S100A16, harboring the S100A16 gene, and Ad-GFP, har-
boring the green fluorescent protein (GFP) gene, were con-
structed by Sangon Biotech Co., Ltd. (Shanghai). Adherent HeLa 
cells were passaged and transfected with Ad-GFP or Ad-S100 
A16 after being grown to 50% to 60% confluence. GFP ex-
pression in each group was observed and recorded after 24 
hours of transfection.

Real time-polymerase chain reaction

RNA of HeLa cells was extracted using RNAiso Plus (Takara). 
A reverse transcription-polymerase chain reaction kit (Takara) 
and SYBR Premix Ex Taq II kit (TaKaRa) were used to detect 
the expression of S100A16. The relative expression level of 
each gene was calculated using the formula: F=2–DDCt. Primer 
sequences as follows: 
S100A16: forward: 5’-AGCAGGGAGATGTCAGACTGCTACACGGA-3’;
reverse 5’-AGGTGTGGCCAAAGGGGTCTAGCTG-3’;
GAPDH: forward: 5’-AAGGCTGTGGGCAAGG-3’;
reverse: 5’-TGGA GGAGTG GGT GTCG-3’.

Cell Counting Kit-8 (CCK-8) assay

Hela cells grown to logarithmic (log) phase were collected 
and suspended in serum-free medium. The cell suspension 
was added to 96-well plates and transfected with Ad-GFP and 
Ad-S100A16, respectively. At 72 hours post-transfection, CCK-8 
solution (Beyotime) (10 µL/well) was added to plates and incu-
bated in the dark at incubator (37°C) for 2 hours prior to measur-
ing the absorbance at 490 nm using a microplate reader. The op-
tical density value represented the level of cell proliferation.

Transwell migration assay

The cells were inoculated at 1.5×105/well and transfected with 
Ad-S100A16 for 72 hours, after which, cell suspensions were 
prepared (1.5×104 cells/mL) using serum-free medium. Cell sus-
pension (400 μL/well) and 600 μL of medium containing 20% 
FBS were added to the chamber, respectively. After being in-
cubated for 24 hours, the Transwell chamber was subjected 
to fixation in anhydrous methanol at –20°C for 5 minutes, 
followed by staining with 0.25% crystal violet for 5 minutes. 
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Excess crystal violet stain was washed off using phosphate-
buffered saline prior to visualization and photography under 
a microscope.

Immunofluorescence

HeLa cells were fixed at 37°C for 20 minutes with 4% parafor-
maldehyde, permeabilized with 0.25% Triton for 15 minutes, 
and blocked with 5% bovine serum albumin for 30 minutes, 
followed by an overnight incubation at 4°C with primary anti-
bodies (E-cadherin, vimentin, MMP-2, MMP-9, Abcam). Next, 
the cells were incubated with secondary antibodies for 1 hour 
and rinsed with phosphate-buffered saline (PBS) prior to visu-
alization and photography under a fluorescence microscope. 
The resulting fluorescence intensity values were analyzed us-
ing ImageJ software.

Western blotting

Hela cells were mock-infected or infected with Ad-S100A16 
and incubated for 72 hours with LY294002 (dimethyl sulfoxide 
solution, Abcam) and without LY294002, respectively. The cells 
were then lysed on ice with radio-immunoprecipitation assay 
buffer (RIPA, Beyotime) and centrifuged at 13 000 g for 10 min-
utes to harvest the supernatant. Next, protein samples sub-
jected to sodium dodecyl sulfate polyacrylamide gel electro-
phoresis. The protein was transferred onto a membrane, which 
was then blocked prior to an overnight incubation with primary 
antibodies at 4°C. After being rinsed with phosphate-buffered 
saline, the membrane was incubated with secondary antibod-
ies for 1.5 hours. The membrane was then rinsed again with 
phosphate-buffered saline, and protein bands were detected 
via enhanced chemiluminescence. Finally, the membrane was 
photographed, and the resulting D-values were analyzed us-
ing ImageJ software.

Gene silence model

HeLa cells (4×106) were washed with 1 mL serum-free medium 
and added to 6-well plates for 24 hours. Cells was infected 
with adenovirus expression siRNA S100A16. The transfection 
mixture was incubated with transfection reagent according to 
manufacturer’s instruction and added to the wells. The media 
was changed following 24 hours of incubation. After 72 hours, 
the stable cell line was treated with puromycin for 96 hours.

Angiogenesis experiments

Matrigel was cooled to 4°C, diluted 1: 4 with serum-free cul-
ture medium, and 60 µL/well of this dilution was added to a 
96-well plate and incubated at 37°C for 1 hour to allow gel 
formation. After gel formation, the serum-free culture medium 
was used to prepare a single-cell suspension at a density of 

5×105 cells/mL, and then added to plates. The 96-well plates 
were incubated for 24 hours and then imaged.

Statistical methods

Data were analyzed using SPSS 21.0 statistical software. 
The measurement and categorical data were expressed as 
mean±standard deviations (SD). Comparison between multiple 
groups was conducted using one-way ANOVA, while pairwise 
comparisons were assessed via Fisher’s least significant differ-
ence test. P-values <0.05 were indicated statistically significant.

Results

S100A16 promotes the proliferation, migration and 
angiogenesis of HeLa cells

No green fluorescence was detected in the control group, while 
Ad-GFP and Ad-S100A16-infected cells exhibited relatively in-
tense intracellular green fluorescence. Fluorescence intensity 
of Ad-S100A16 was higher than Ad-GFP. S100A16 was ex-
pressed in HeLa cells, and expression levels was increased af-
ter infection of recombinant adenovirus, which yielded a suit-
able overexpression model for the investigation of S100A16 
function (Figure 1A, 1B).

After a 72-hour transfection with Ad-S100A16, HeLa cells ex-
hibited a significantly higher proliferative capacity compared 
to the blank control (P<0.05, Figure 1C), indicating a positive 
effect of S100A16 on the proliferation of HeLa cells. Transwell 
migration assay showed a 2-fold increase in cell migration in 
Ad-S100A16-transfected cells compared to the control (P<0.05), 
suggesting that S100A16 was able to promote cell migration 
(Figure 1D).

Compared with the negative control, Ad-S100A16 cells showed 
better angiogenesis ability, while siRNA-S100A16 cells showed 
more disorder (Figure 1E). Moreover, cell proliferation decreased 
after siRNA-S100A16 treatment (P<0.01), expression of epithe-
lial-mesenchymal transition-related vascular endothelial growth 
factor and fibronectin decreased, the expression of tensin ho-
molog increased (Figure 1F). This suggests that S100A16 is in-
volved in angiogenesis, and that the absence of S100A16 cre-
ates significant regulatory obstacles to these processes.

Effects of S100A16 on MMP-2, MMP-9, E-cadherin, and 
vimentin expression

MMP-2 and MMP-9 expression was analyzed by immunofluo-
rescence. Both proteins showed significantly higher Ad-S100 
A16-transfected cells than in the control (Figure 2A, 2B). 
E-cadherin and vimentin expression was also analyzed in order 
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Figure 1.  S100A16 promotes the proliferation of HeLa cells. (A) Determination of the expression of S100A16 after Ad-S100A16 
adenovirus. (B) Analysis of the transfection efficiency in Ad-S100A16-transfected HeLa cells. (C) Proliferation capacity of HeLa 
cells. (D) The migration capacity of HeLa cells. (E) Angiogenesis and cell proliferation assay of HeLa cells. (F) Western blot 
for vascular endothelial growth factor, fibronectin, p53, p21, and tensin homolog. All results were subjected to statistical 
analyses and expressed as mean±standard deviation. * P<0.05 and ** P<0.01. All experiments were carried out in triplicates.
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Figure 2.  S100A16 significantly upregulated in matrix metalloproteinase (MMP)-2, MMP-9, and vimentin expression and significantly 
downregulated E-cadherin expression in HeLa cells. (A) MMP-2 protein level (40×). (B) MMP-9 protein level (40×). 
(C) Vimentin protein level (40×). (D) E-cadherin protein level (40×). All results were subjected to statistical analyses and 
expressed as mean±standard deviation. * P<0.05 and ** P<0.01. All experiments were carried out in triplicates.
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to verify possible effects of S100A16 on invasion and metas-
tasis. Upregulation of S100A16 increased vimentin expression 
(Figure 2C) and decreased E-cadherin expression (Figure 2D), 
suggesting involvement of S100A16 in epithelial-mesenchy-
mal transition induction in HeLa cells.

Effect of S100A16 on protein expression of PI3K, Akt, 
p-protein kinase B, and GSK-3b in HeLa cells

In order to verify the possible involvement of the PI3K/Akt sig-
naling pathway caused by S100A16 on HeLa cell proliferation 
and migration, a western blot was employed to analyze pro-
tein levels of phosphatidylinositol 3 kinase, protein kinase B, 
phosphorylated protein kinase B, and glycogen synthase ki-
nase 3b. Levels of phosphatidylinositol 3 kinase and protein 
kinase B, as well as the level of phosphorylated phosphory-
lated protein kinase B, were significantly higher in Ad-S100A16-
infected cells than in control cells (P<0.05). Conversely, gly-
cogen synthase kinase 3b activation was downregulated in 
Ad-S100A16-transfected cells (P<0.05, Figure 3). The results 
suggested that S100A16 activates the phosphatidylinositol 3 
kinase/protein kinase B signaling pathway.

The phosphatidylinositol 3 kinase/protein kinase B 
pathway mediated the effects of S100A16 overexpression 
on cell proliferation and migration

In order to definitively establish the involvement of the phos-
phatidylinositol 3 kinase/protein kinase B signaling pathway 
and the effects induced by S100A16 on cell proliferation and 
migration, we treated HeLa cells with LY294002 (phosphati-
dylinositol 3 kinase inhibitor, 10 µM), alone or in combination 
with Ad-S100A16 infected cells (10 µg/mL). Inhibition of the 
phosphatidylinositol 3 kinase/protein kinase B signaling path-
way by LY294002 caused a significant decline in phosphati-
dylinositol 3 kinase expression (P<0.01), p-Akt (P<0.05), and 

glycogen synthase kinase 3b (P<0.01) proteins (Figure 4A, 4B). In 
addition, LY294002 significantly attenuated S100A16-mediated 
proliferation and migration of HeLa cells (P<0.05, Figure 4C–4E). 
These results indicated that S100A16 promoted proliferation 
and migration of a cervical cancer-derived cell line by acti-
vating the phosphatidylinositol 3 kinase/protein kinase B sig-
naling pathway.

Discussion

The diagnosis and prognosis marker became the main research 
tendency due to the recurrence rate of cervical cancer. Serum 
levels of vascular endothelial growth factor [19], C-reactive 
protein [20], the ratio of serum angiopoietin-1 to angiopoi-
etin-2 [21], and serum protein TKT, human fibrinogen FGA, 
metabolism-related protein [22], all of these can be a reliable 
marker for clinical treatment. Similarly, Lon peptidase 2 can 
be a potential therapeutic target, regulating oxidative dam-
age and peroxidosome homeostasis, changing the prolifera-
tion and invasion of cancer cells [23].

S100A16 may be a value therapeutic and prognostic marker by 
promoting the anti-apoptotic effect mediated by protein kinase 
B/Bcl-2. Function analysis shown that silencing of S100A16 pro-
moted proliferation, had an anti-apoptotic effect, and reduced 
chemosensitivity. S100A16 overexpression revealed the oppo-
site trend. S100A16 is increasingly recognized as an oncogene 
with multiple roles in tumor onset [10,12]. Recently, researchers 
found that S100A16 can serve as an effective prognostic indica-
tor for prostate cancer and colorectal cancer, as it is abnormal 
expressed no matter in cell and tissues, and it is related with 
the onset and progression of this this disease [9,24]. Further, 
S100A16 is highly expressed in breast cancer and induced 
epithelial-mesenchymal transition onset via the Notch1/zinc 
finger E-box binding homeobox (ZEB) pathway [12]. However, 
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Figure 3.  (A, B) Expression levels of the PI3K, Akt, p-Akt, and p-GSK-3b in HeLa cells by western blot. All results were subjected to 
statistical analyses and expressed as mean±standard deviation. * P<0.05 and ** P<0.01. All experiments were carried out in 
triplicates.
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the effect of S100A16 on cervical cancer has not been reported. 
Our results suggested that S100A16 facilitates the metasta-
sis of HeLa cells, it was consistent with previous studies in-
vestigating the effect of S100A16 on stomach, prostate, and 
breast cancer [9,12].

MMPs play key roles in tumor invasion and metastasis, as they 
are capable of disrupting the extracellular matrix (ECM) and 
vascular basement membrane of tumor cells, enabling these 
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Figure 4.  S100A16 affect HeLa cell proliferation and migration by activating the PI3K/Akt pathway. (A, B) Expression levels of PI3K, 
Akt, p-Akt, and p-GSK-3b in HeLa cells. (C, D) The migration of HeLa cells. (E) Cell proliferation. All results were subjected to 
statistical analyses and expressed as mean±standard deviation. * P<0.05 and ** P<0.01. All experiments were carried out in 
triplicates.

cells to invade the basement membrane, which leads to the 
migration, invasion, and spread of tumor cells [25,26]. In cer-
vical cancer, research show the upregulation of MMP-2 and 
MMP-9 associated with lymphatic infiltration, as well as lymph 
node metastasis [27]. Overexpression of MMP-2 in cervical can-
cer promotes the infiltration and metastasis of cervical cancer, 
while MMP-9 directly induces onset of the epithelial-mesen-
chymal transition [28]. This is consistent with previous stud-
ies, suggesting that overexpression of S100A16 in HeLa cells 
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promote the onset of epithelial-mesenchymal transition, there-
by promoting the proliferation and invasion of tumor cells [8].

The phosphatidylinositol 3 kinase/protein kinase B signaling 
pathway may control various biological activities, such as cell 
proliferation, apoptosis, invasion, metastasis, and angiogenesis, 
and is closely associated with the onset, progression, and treat-
ment of tumors [13]. Numerous researchers have found that 
in cervical cancer cells the phosphatidylinositol 3 kinase/pro-
tein kinase B pathway participated in the proliferation, inva-
sion and differentiation [15,29,30]. ARHGAP17 can inhibit the 
progression of cervical cancer through PI3K/AKT pathway [31]. 
In the same way, microRNA-433 induced the HeLa apoptosis via 
PI3K/AKT signal [32]. PI3K/AKT is involved in regulation cispla-
tin-resistance in cervical cancer [33]. PI3K/AKT showed a huge 
value in prognosis and treatment. Upon activation by growth 
factors and hormones, intracellular PI3K triggers the conver-
sion of phosphatidylinositol 4, 5-bisphosphate (PIP2) into phos-
phatidylinositol 3,4,5-trisphosphate and p-Akt to activate its 
downstream effectors. Such cascades control processes that 
are crucial for cancer onset, such as cell proliferation, trans-
formation, and apoptosis [34]. Protein kinase B is a key mole-
cule in phosphatidylinositol 3 kinase/protein kinase B signal-
ing pathway, and its expression and activation level may vary 
in different cancer tissues. Activated protein kinase B exerts its 
anti-apoptotic effects by phosphorylating various downstream 
target molecules. GSK3b is a negative regulator of the cell 
motility via phosphorylation [35]. Recently, researches shown 
PI3K/AKT-meditated phosphorylation GSK3b and implicated in 
epidermal-mesenchymal transition. Blocking the PI3K/AKT ac-
tivation significantly attenuated GSK3b phosphorylation [36]. 
For instance, protein kinase B-induced phosphorylation inacti-
vates GSK-3b and leads to E-cadherin downregulation, thereby 

regulated cell motility [37]. Moreover, activated protein ki-
nase B can enhance the transcriptional activity of nuclear fac-
tor kappa B and upregulate the expression of MMP-9, which 
also enables cell motility, facilitating tumor onset and cancer 
cell invasion [25]. Finally, protein kinase B upregulates MMP-2 
via the phosphatidylinositol 3 kinase/protein kinase B/mam-
malian target of rapamycin pathway, thereby promoting cancer 
cell invasion and metastasis [30]. Our results showed that the 
use of LY294002 substantially reversed Ad-S100A16-induced 
protein kinase B phosphorylation, and proliferation and inva-
sion of HeLa cells. Therefore, we believe that the promoting 
effects of S100A16 on HeLa cell division and motility are, at 
least partially, attributable to the activation of the PI3K/Akt 
signaling pathway.

Conclusions

S100A16 promoted the proliferation and invasion of cervical 
cancer cells, most likely as a result of epithelial-mesenchymal 
transition induction via the activation of the PI3K/Akt signal-
ing pathway. Our study identified a potential target of future 
diagnostic and therapeutic strategies for cervical cancer.
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