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S100A16 regulated by Snail promotes the

chemoresistance of nonmuscle invasive bladder

cancer through the AKT/Bcl-2 pathway
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Objective: To fully investigate the effect of S100 proteins on the chemoresistance of

nonmuscle invasive bladder cancer (NMIBC).

Materials and methods: The mitomycin C-resistant bladder cancer cell line M-RT4 was

established and liquid chromatography-tandem mass spectrometry was performed for pro-

teomics analysis. RT-PCR and Western blot were then performed to confirm the findings. To

investigate the mechanisms, S100A16 was knocked down by siRNA. Then, the sensitivity of

M-RT4 to mitomycin C was analyzed by a cell counting kit-8 (CCK8) assay, and the

molecular expression including epithelial-mesenchymal transition (EMT)-related and apop-

tosis-related markers were also examined by Western blot. Based on the cancer genome atlas

(TCGA) data, the prognostic value of S100A16 was also investigated.

Results: There were six S100 proteins with differential expression, among which S100A16

was confirmed to be the only upregulated protein in M-RT4 cells. The expression of S100A16

was regulated by the EMT-related transcription factor Snail. Knockdown of S100A16

suppressed the AKT/Bcl-2 pathway to promote apoptosis, greatly sensitizing M-RT4 cells to

mitomycin C. The expression of S100A16 was negatively correlated with the overall survival

of bladder cancer patients.

Conclusion: S100A16 contributes to the chemoresistance of NMIBC by promoting the

AKT/Bcl-2-mediated anti-apoptosis effect and could be a potential prognostic marker and

therapeutic target for NMIBC patients.
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Introduction
Bladder cancer has become the most common carcinoma in the urinary system with

a high recurrence rate. Nonmuscle invasive bladder cancer (NMIBC) accounts for

approximately 75% of all cases.1,2 Transurethral resection of bladder tumor

(TURBT) followed by intravesical chemotherapy is the main treatment for

NMIBC patients. However, there are still some patients who hardly benefit from

the treatment due to the emergence of chemoresistance, and the mechanisms require

further investigation.3 Therefore, understanding how chemoresistance occurs is of

great significance for the prognosis of bladder cancer patients.

The S100 protein is the largest subfamily of calcium-binding proteins bearing EF-

hand motifs.4 Upon calcium binding, most S100 proteins undergo a conformational

change to interact with different targets, which exerts various intracellular regulatory

activities. Additionally, S100 proteins can be secreted outside of cells and act in a
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cytokine-like manner by binding surface receptors, thus

allowing them to play a role in extracellular signaling.5–7

Studies have shown that altered expression patterns of S100

genes are associated with many human disorders, including

various cancers.8 Agerbaek M reported that focal S100A4

expression is a significant independent predictor of distant

metastatic relapse for muscle invasive bladder cancer

(MIBC) patients.9 Similarly, Kim JH suggested that

S100A4 expression has prognostic value in primary

NMIBC.10 In addition, overexpression of S100A8 or

S100A11 and inactivation of S100A2 are also positively

associated with tumorigenesis and progression of bladder

cancer.11,12 Chemoresistance has a close relationship with

cancer progression and prognosis. Therefore, whether the

S100 family affects the chemotherapeutic response of

NMIBC remains to be investigated.

In this study, we performed liquid chromatography-

tandem mass spectrometry (LC-MS/MS) to identify

which S100 proteins are expressed significantly in mito-

mycin C-resistant NMIBC cells to select potential markers

to predict or reverse the chemoresistance of NMIBC.

Materials and methods
Cell lines
The human bladder cancer cell line RT4, which is a good

representative cell line of NMIBC, was purchased from

ATCC. The corresponding mitomycin C (MMC)-resistant

cell line M-RT4 was generated and confirmed according to

our previously published study.13 Both cell lines were

cultured in DMEM/F12 (1:1) medium supplemented with

10% standard fetal bovine serum (FBS) and 1% penicillin-

streptomycin (Gibco, penicillin: 100 IU/ml and streptomy-

cin: 100 mg/ml) at 37℃ in a 5% CO2 atmosphere.

Proteomics
RT4 and M-RT4 cells were harvested and then lysed by

RIPA. Protein extraction and SDS-PAGE electrophoresis

were performed to ensure the integrity and quality of

proteins. For proteomics analysis, LC-MS/MS was carried

out by CapitalBio Technology (Beijing, China). The

related parameters were provided in Table S1. Raw data

were analyzed using the SEQUEST algorithm and com-

pared with the human protein database (RefSeq).

Quantitative real-time PCR
The extraction of total RNA, reverse transcription to cDNA

and quantitative real-time PCR (RT-PCR) were performed as

described in our previous study.14 The reaction conditions for

RT-PCR are shown in Table 1. The primers used for

amplification were as follows: S100A16, (sense) 5ʹ-
ACTGCTACACGGAGCTGGAGA-3ʹ and (antisense) 5ʹ-

GCAAGGGTCAGAGGAAGGTCT-3ʹ; S100A13, (sense)

5ʹ-TCCTAATGGCAGCAGAACCACTGA-3ʹ and (anti-

sense) 5ʹ-TTCTTCCTGATTTCCTTGGCCAGC-3ʹ; GAP

DH, (sense) 5ʹ-TGTTCCAATATGATTCCACCC-3ʹ and

(antisense) 5ʹ-CTTCTCCATGGTGCGTGAAGA-3ʹ. The

relative mRNA expression was normalized to GAPDH,

which was calculated based on the Ct value according to the

equation: 2^-ΔΔCt. Each sample was analyzed in triplicate.

Western blot analysis
Cells were harvested to extract proteins, followed by Western

blot as described previously.14 Briefly, proteins (30 μg each)

were loaded onto 10%sodiumdodecyl sulfate-polyacrylamide

gels, electrophoresed, and transferred onto polyvinylidene

difluoride membranes. The membranes were then blocked

for 1 h in 5% skim milk followed by incubation with primary

antibodies at 4 °C overnight. The primary antibodies used

were as follows: S100A16 (1:500 dilution, ab130419,

Abcam, US), epithelial-mesenchymal transition (EMT)

antibody sampler kit (1:1,000 dilution, #9782, Cell Signaling

Technology, US), Phospho-AKT pathway antibody sampler

kit (1:1,000 dilution, 9916T, Cell Signaling Technology, US),

Bcl-2 (1:500 dilution, #2870S, Cell Signaling Technology,

US), Bax (1:1,000 dilution, #2772S, Cell Signaling

Technology, US) and GAPDH (1:2,500 dilution, MBL,

Japan). After three washes with TBST, the membranes were

incubated with secondary antibodies conjugated to LI-COR

IRDye for 1 h at room temperature and were then detected

using anOdyssey Imager (LI-CORBiosciences, Lincoln,NE).

Immunofluorescence
Cells were seeded on 25 mm diameter slides in a 6-well

plate. After 24 h of incubation, the cells were washed with

PBS three times and fixed in 4% paraformaldehyde for

Table 1 The reaction conditions of RT-PCR

Temperature
(°C)

Time
(s)

Cycle
no.

Denaturation 95 15 30

Annealing/elongation 60 60 30

Dissolution curve analysis 95 15 1

60 60 1

95 15 1

60 15 1
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20 min at room temperature. After washing three times,

the cells were permeated with 0.3% Triton-X. Then, the

cells were blocked using 1% bovine serum albumin (BSA)

for 1 h at room temperature before staining with an anti-

S100A16 primary antibody (1:100 dilution, Abcam, USA)

overnight at 4 °C. On the following day, the cells were

washed and stained with a FITC-labeled goat anti-rabbit

secondary antibody (1:100 dilution, ZSGB-BIO, China)

for 2 h at room temperature. After washing with PBS

three times, the cells were stained with DAPI and covered

with an anti-fluorescence quenching agent (Applygen,

China). Finally, the slides were examined under a fluores-

cence microscope (Olympus).

CCK8 assay
A cell counting kit-8 (CCK8) assay was performed as

described previously.13 Briefly, S100A16 or Snail knock-

down M-RT4 cells were seeded in triplicate in 96-well plates

at a density of 1 × 104 cells per well. After incubation for

24 h, 10 μl of MMC (HZB0149, HARVEY, US) at concen-

trations ranging from 0.78 to 100 μg/ml was added to each

well. After another incubation for 24 h, 10 μl of CCK8

solution was added to each well and incubated for 2 h. The

optical density (OD) was measured at a wavelength of

450 nm. Cell viability was calculated as follows: (OD

value of experimental groups – OD value of blank groups)/

(OD value of control groups – OD value of blank groups).

Knockdown assay
S100A16 and Snail siRNAs were purchased from Santa

Cruz Biotechnology (sc-88602 and sc-38398, respectively)

and dissolved in DEPC water that was provided by the

manufacturer. Transfection medium and transfection

reagent were also provided by Santa Cruz Biotechnology

(sc-36868 and sc-29528, respectively). M-RT4 cells were

cultured in 6-well plates to a density of 60% and a mixture

of siRNAwas then added using standard procedures. After

incubation for 7 h, 1 ml DMEM/F12 medium containing

FBS was added followed by another 24 h of incubation.

Then, the cells were harvested to perform Western blot,

CCK8 assay and flow cytometry.

Flow cytometry
Cell death was analyzed by flow cytometry with an

annexin V-FITC/propidium iodide (PI) apoptosis assay

kit (Zoman Biotechnology Co., Ltd., Beijing, China).

Briefly, cells were harvested and resuspended in PBS at a

density of 1×105 cells per tube. Then, the samples were

centrifuged, and the supernatant was discarded. Then,

500 μl of 1× binding buffer was added to resuspend the

samples. Then, 5 μl annexin V-FITC and 10 μl PI were

added, followed by incubation in the dark for 15 min at

room temperature. Cells that were positive for annexin V

(Q2 and Q4) were considered to be undergoing apoptosis,

including early and late apoptosis. In all cases, 10,000

events per tube were acquired. Flow cytometric analysis

was performed on a FACS-Canto II flow cytometer (BD

Biosciences).

Statistical analysis
Data were analyzed using the GraphPad Prism 5 software

(GraphPad Software, Inc., San Diego, CA) and SPSS

Statistics 20 (IBM, USA). The results were presented as

the mean±SD. Student’s t-test was used for comparison of

parental and MMC-resistant cells, and p<0.05 was con-

sidered statistically significant.

Results
There were six S100 proteins with

significant differential expression

according to LC-MS/MS
We established an MMC-resistant bladder cancer cell

line (M-RT4) from parental RT4 cells, and the chemore-

sistance of M-RT4 cells was verified using a CCK8

assay in our previous study.13 To identify whether the

S100 family plays an essential role in chemoresistance,

we performed LC-MS/MS for proteomics analysis

between M-RT4 and RT4 cells. Prior to the analysis,

the concentration and homogeneity of proteins were

confirmed by SDS-PAGE electrophoresis (Figure S1).

Upregulation was defined as a fold change (FC) >3/2,

and downregulation was defined as a FC <2/3. Six S100

proteins had significant differential expression. S100A16

and S100A13 were significantly upregulated, and

S100A2, S100A4, S100A11 and S100P were signifi-

cantly downregulated in M-RT4 cells compared with

RT4 cells. In addition, S100A6 and S100A10 were

detectable but without significant differences, while

other S100 family members were not detectable in either

RT4 or M-RT4 cells (Table 2).

S100A16 was significantly upregulated in

M-RT4 cells compared with RT4 cells
In this study, we focused on the two upregulated S100

proteins, S100A16 and S100A13.To confirm the LC-MS/
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MS results, we performed RT-PCR and Western blot to

investigate the expression of S100A16 and S100A13 in

M-RT4 and RT4 cells. Both the mRNA and protein levels

of S100A16 in M-RT4 cells were significantly greater than

those in RT4 cells (Figure 1A and B), while there was no

detectable expression of S100A13.

Next, we also performed immunofluorescence staining

to investigate the expression sites of S100A16 in cells. We

found that S100A16 was mainly expressed in the nucleus

and on the nuclear membrane of M-RT4 cells.

Additionally, S100A16 was also expressed in the cyto-

plasm. However, no specific fluorescent signals were

detected in RT4 cells (Figure 1C).

Knockdown of S100A16 could sensitize

M-RT4 cells to MMC
To further confirm the effect of S100A16 on chemoresis-

tance, we decreased the expression of S100A16 in M-RT4

cells by siRNA. First, we used four different concentra-

tions of siRNA. Western blot confirmed the success of the

knockdown assay, especially for 60 and 80 pmol siRNA

(Figure 2A). After adding 60 pmol siRNA to knock down

S100A16 in M-RT4 cells, a CCK8 assay was performed.

The CCK8 assay showed that the IC50 decreased signifi-

cantly in S100A16-knockdown M-RT4 cells compared

with M-RT4 cells without siRNA (Figure 2B and C),

suggesting that the sensitivity of M-RT4 cells to MMC

was greatly restored by suppressing S100A16 expression.

S100A16 regulated by Snail could regulate

apoptosis through the AKT/Bcl-2

pathway
To elucidate the mechanisms by which S100A16 exerts

an effect on chemoresistance, we performed Western blot

to compare the molecular changes after S100A16

knockdown, including EMT-related and apoptosis-related

molecules. We found that EMT markers, including

N-cad, E-cad, Vimentin and Claudin-1, were not

significantly affected by the knockdown of S100A16

(Figure 3A), while Bcl-2 and pAKT/AKT were

significantly suppressed in S100A16-downregulated

M-RT4 cells (Figure 3C).

Because S100A16 did not affect EMT-related mole-

cules, we speculated whether the expression of S100A16

is affected by the EMT process. We suppressed the expres-

sion of Snail, an important transcription factor of EMT, by

siRNA in M-RT4 cells. Western blot confirmed the successT
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of the knockdown assay. Indeed, S100A16 expression was

significantly downregulated after the knockdown of Snail

(Figure 3B), confirming our speculation.

Considering Bcl-2 and AKT as anti-apoptosis markers,

we then performed flow cytometry for apoptosis analysis

to confirm the Western blot results. Annexin V+/PI– indi-

cates early apoptosis, and annexin V+/PI+ indicates late

apoptosis. Total apoptosis increased significantly after

S100A16 knockdown (Figure 3D), which was consistent

with the changes in protein expression.
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S100A16 siRNA. S2: 40 pmol S100A16 siRNA. S3: 60 pmol S100A16 siRNA. S4: 80 pmol S100A16 siRNA. pAKT: phospho-AKT (S473). (D) Apoptosis of M-RT4 cells after

S100A16 knockdown. Q4: early apoptosis. Q2: late apoptosis. Q2+Q4: total apoptosis. Control: transfection reagent and transfection medium (without siRNA). si-S100A16:

60 pmol siRNA. *p<0.05; **p<0.01.
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S100A16 could be a prognostic marker

for bladder cancer patients
Since chemoresistance has a close relationship with

patient prognosis, whether the expression of S100A16

can predict the prognosis of bladder cancer patients

remains to be investigated. Therefore, we analyzed sur-

vival data on the OncoLnc website (http://www.oncolnc.

org/) based on the TCGA database. We used the compar-

ison patterns recommended by OncoLnc, including top

third versus bottom third and top quartile versus bottom

quartile. Patients with high S100A16 expression levels

had poor survival compared with those with low

S100A16 expression levels, suggesting that S100A16

could be a prognostic marker for bladder cancer patients

(Figure S2A and B).

Considering the regulatory effect of Snail on

S100A16, we also explored whether Snail has prognostic

value for bladder cancer. There also was a significantly

negative correlation between overall survival and the

expression of SNAI1 (the Snail gene), which was con-

sistent with S100A16 (Figure S2C and D).

Discussion
Similar to the other 17 kinds of S100 genes, S100A16 is

located on chromosome 1q21, a region that frequently

exhibits rearrangements during tumor development.15

Upregulation of S100A16 expression has been observed

in many different cancers, including bladder, lung, thyr-

oid gland, pancreas, and ovarian cancers.16 In our study,

we discovered that S100A16 is the only significantly

upregulated S100 protein in the MMC-resistant cell

line. Additionally, decreasing the expression level of

S100A16 was notably shown to sensitize M-RT4 cells

to MMC, which was mediated by the suppression of the

AKT/Bcl-2 pathway to promote apoptosis. In accordance

with our study, Mani J also demonstrated that chemore-

sistance in bladder cancer decreases significantly after

suppressing the Bcl-2-mediated anti-apoptosis effect.17

In Emmanuel’s study, S100A16 was found to accumulate

within nucleoli and to translocate to the cytoplasm in

response to Ca2+ stimulation.18 Similarly, we observed a

wide distribution of S100A16 with main expression in

the nucleus and on the nuclear membrane. In addition, a

study on colorectal cancer conducted by Sun X demon-

strated a rich S100A16 expression on the cell membrane,

which might be associated with the extracellular function

of S100A16.19

EMT has been reported to participate in the chemore-

sistance of cancers in addition to tumor cell migration

and metastasis, especially due to the close relationship

between EMT and cancer stem cells.20 Our previous

study showed that epithelial markers such as Claudin-1

and E-cad were downregulated in M-RT4 cells compared

with RT4 cells, while mesenchymal markers, including

Snail, N-cad and Vimentin, were upregulated.13 Zhou et

al showed that upregulation of S100A16 expression pro-

motes EMT via the Notch1 pathway in breast cancer.21

However, our study showed that knockdown of S100A16

is not sufficient to suppress EMT. The reason may be due

to the multiple regulatory pathways involved in EMT.

Interestingly, we found that the expression of S100A16

was regulated by the EMT-related transcription factor

Snail. Therefore, the complicated regulatory network

between EMT and S100A16 remains to be elucidated in

future studies.

S100A16 has been speculated to be a prognostic mar-

ker for colorectal cancer, lung adenocarcinoma and breast

cancer.19,22,23 In this study, we also confirmed the prog-

nostic value of S100A16 in bladder cancer by analyzing

TCGA data. Since the onset of chemoresistance is one of

main causes of poor prognosis for patients, it is reasonable

that there is a negative correlation between S100A16 and

survival.

In addition to the S100 family, proteomics analysis

showed that more than 500 proteins or peptides were

differentially expressed. In addition, we further performed

gene ontology (GO) and pathway enrichment analysis

(Figure S3A and B). Our data have the potential to be

explored in depth to identify chemoresistance-related

targets.

In conclusion, our study suggested that S100A16 con-

tributes to the chemoresistance of NMIBC by suppressing

apoptosis, which is mediated by the AKT/Bcl-2 pathway.

This study might provide a new strategy to predict

response to chemotherapy and overcome chemoresistance

in bladder cancer.
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