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Bladder cancer is defined as a urinary tract malignancy that threatens men’s and wom-
en’s health. Due to the side effects of common chemotherapies, novel therapeutic strat-
egies are necessary to overcome the issues concerning bladder cancer treatments. 
Nanotechnology has been suggested as a means to develop the next-generation ob-
jectives of cancer diagnosis and treatment among various novel therapies. Owing to 
the special characteristics that they can offer, silver nanoparticles (AgNPs) were inves-
tigated in this study to evaluate their apoptotic impact on bladder cancer 5637 cells. 
In this study, an MTT assay was conducted and appropriate concentrations of AgNPs 
were selected. Moreover, reactive oxygen species (ROS) production and apoptosis levels 
were determined using fluorimetric and Annexin/PI flow cytometry assays, respec-
tively. Moreover, the activity of caspase 3,7, mRNA expression of Bax (Bcl-2-associated 
X) and Bcl-2 (B-cell lymphoma 2) were assessed based on colorimetric and qRT-PCR 
methods, respectively. The results indicated that AgNPs can significantly reduce the 
viability of 5637 cells in a dose-dependent mode as well as having the ability to elevate 
ROS production. Flow cytometry data showed that AgNPs lead to a remarkable in-
crease in the apoptosis rate as compared with the control. Consistent with this, the in-
duction of apoptosis was revealed by the overexpression of Bax, accompanied by a reduc-
tion in Bcl-2 expression compared to the control. Furthermore, AgNPs remarkably 
stimulated caspase 3,7 activation. In summary, AgNPs can mediate apoptosis in 5637 
cells via excessive ROS formation, up-regulating Bax/Bcl-2 expression, and caspase 
3,7 activation.
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INTRODUCTION

Cancer has a serious impact on human health today and 
is known for its high morbidity and mortality worldwide.1 
Bladder cancer (BC) is the most frequent urinary malig-
nant tumor with a high incidence in males. In general, two 
different types of BC are often reported under the titles of 
non-muscle invasive BC (NMIBC) and muscle-invasive or 
metastatic BC. Various types of treatments are employed 
to combat BC such as transurethral resection (TUR), intra-
vesical chemotherapy, and radical cystectomy. However, 

due to the side effects and unsuccessful outcomes of the con-
ventional therapies, novel therapeutic strategies are es-
sential to treat a reasonable percentage of patients with 
BC.2,3 Among the different novel treatments, nanotechnology 
has recently been introduced to address the next-genera-
tion objectives of cancer research and treatment.4-6 In com-
parison to small molecule agents, nanoparticles (NPs) ex-
hibit unique physicochemical features, including a high 
surface area to volume ratio that allows them to easily per-
meate live cells.7 Metallic NPs are considered among the 
most demanding research areas in modern materials in 
light of their unique optical properties. They are also fre-
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TABLE 1. Silver nanoparticles (AgNPs) Certificate of Analysis 
-ppm

Silver Nanoparticles Certificate of Analysis -ppm 
(AgNPs: 99.99%)

Cu2+ Bi3+ Fe2+ Pb2+ Sb2+

10 2 3 2 2

Certificate is adopted from Nanosany company. The relative con-
centration of some of the materials in the AgNPs is reported in 
parts per million (ppm) and the purity of AgNPs is 99.99%.

FIG. 1. (A) X-Ray Diffraction (XRD) pat-
terns and (B) Transmission electron mi-
croscopy (TEM) of Poly Vinyl Pyrroli-
done-coated silver nanoparticles (PVP- 
AgNPs) are provided from Iranian 
Nanomaterials Pioneers Company, 
NANOSANY. XRD is reported to identi-
fy crystalline phases and thereby reveal 
chemical composition information.

quently employed in biological applications such as tumor 
eradication in combination with immunotherapy.8,9 Silver 
NPs (AgNPs) are one of the most common metallic NPs and 
have distinctive yet special physicochemical and biological 
characteristics making them a promising agent in various 
fields such as medicine, agriculture, industry, and phar-
maceuticals.10-12 Recently, AgNPs have been proposed for 
cancer therapy, mostly because of their antitumor effects 
on cancer cells which to a great extent are similar to chemo-
tropic agents’ mechanisms which both lead to cancer cell 
death.13-15 Apoptosis may be promoted as a highly con-
trolled process of planned cell death that is governed by in-
tra- and extracellular signaling pathways. It is widely re-
ported that NPs may induce apoptosis or necrosis.16 The an-
titumor potential of several Food and Drug Administration 
(FDA)-approved agents is built upon inhibition of the cell 
survival and proliferation pathways and their effects on 
apoptosis signaling pathways̕ alterations in cancer cells.17 
Thus, measuring B-cell lymphoma protein 2 (Bcl-2), Bcl-2 
associated X (Bax), cytochrome complex (Cyt-c), cysteine- 
aspartic protease-9 (caspase-9) and caspase-3 in a great 
number of research works have revealed that several types 
of NPs, including AgNPs,18 copper NPs19 and AuNPs20,21 
can induce apoptosis in a variety of cell lines. In addition, 
many reports indicated that reactive oxygen species (ROS) 
generation results in the regulation of Bax and Bcl-2 ex-
pression level. These two proteins have indeed a vital role 
in apoptosis.22 Moreover, over-expression of Bax and down- 
regulation of Bcl-2 may be a consequence of NPs-induced 
mitochondrial damage which leads to the formation of mi-
tochondrial permeability transition pores. The aforemen-
tioned process results in the release of Cyt-c into the cytosol 
and subsequently, the formation of apoptotic protease acti-
vating factor-1 (Apaf-1). Then, pro-caspase-9 is proteolyti-
cally cleaved and a complex such as an apoptosome is as-
sembled leading to the activation of caspase-3 and -7 and 
thus induce apoptosis.23,24 Understanding apoptotic sig-
naling pathways will help clinical researchers properly ex-
ploit anticancer agents. This motivated us to investigate 
the apoptotic effects of AgNPs on bladder cancer 5637 cells. 

MATERIALS AND METHODS 

1. Chemicals
Spherical AgNPs with the size of 30-50 nm, and coated 

with Poly Vinyl Pyrrolidone, was procured from Iranian 
Nanomaterials Pioneers Company, NANOSANY (Mashhad, 
Iran). Table 1 shows the AgNPs certificate of analysis as 
the purity of NPs was 99.99%. Moreover, X-Ray Diffraction 
(XRD) patterns and Transmission electron microscopy 
(TEM) of these nanoparticles are presented in Fig 1A and 
B, respectively. XRD is reported to identify the crystalline 
phases and thereby reveal their chemical composition 
information.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazo-
lium bromide (MTT) powder was obtained from Sigma- 
Aldrich.

2. Cell culture and treatment 
The 5637-tumor cell line of the bladder was purchased 

from Pasteur Institute cell collection, (Tehran, Iran). 
RPMI-1640 medium (KRPM500) supplemented with 10% 
fetal bovine serum (FBS) (KFBS100) and 1% pen-
icillin-streptomycin (BI-1203) was used to culture 5637 
cells. Subculture (passage) of cells was performed using 
Trypsin-EDTA 0.25% solution (KRT100).

The NPs were diluted in RPMI-1640 medium in order to 
obtain the desired concentrations, and then, the 5637 cells 
were exposed to different concentrations of AgNPs. 
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TABLE 2. Primer sequences used in qRT-PCR reaction

Genes Forward Reverse Product size (bp) 

-actin AAGATCAAGATCATTGCT TAACGCAACTAAGTCATA 177
Bax GGTTGTCGCCCTTTTCTACTT GGAGGAAGTCCAATGTCCAG 107
Bcl-2 ATGTGTGTGGAGAGCGTCA CAGCCAGGAGAAATCAAACA 177

The primer sequences were designed by primer3 software and checked by Blast search.

3. Determination of cell viability via MTT assay
In brief, the 5637 cells were suspended in medium and 

then seeded in a 96-well plate at a concentration of 2×104 
cells per well. After that, the plate was incubated upon the 
cells reaching the appropriate confluency. Next, diluted 
AgNPs with different concentrations (0, 3.9, 7.8, 15.6, 
31.25, 62.5 and 125 g/mL)25 were transferred into the 
wells. After 24 h incubation, the MTT solution was added 
and incubated for 4h in an incubator. Subsequently, we re-
moved the content of each well and added dimethyl sulf-
oxide (DMSO) (DNA biotech, Iran) in order to dissolve the 
formazan crystals. The absorbance of the control and ex-
perimental samples were recorded at 570 nm with an 
ELISA plate reader (RT-2100C Microplate Reader, China). 
Finally, the viability of 5637 cells was determined using the 
formula as presented below. 
Percentage of viability=Absorption (treated-well) /

Absorption (control-well)×100.

4. Determination of intracellular ROS production
The effect of AgNPs on ROS production was assessed via 

the microplate-fluorimetric method according to the man-
ufacturer’s protocol (Kiazist, Iran).

In a nutshell, a concentration of 25×103 5637 cells per 
well were grown in a black 96-well plate. After incubating 
overnight, the cells were exposed to selected doses of 
AgNPs (0, 30, 50, 60 g/mL) adopted from the MTT assay. 
After 24 h, the content of the wells was aspirated and 100 
l DCFDA (2’, 7’- dichlorofluorescin diacetate) solution was 
added to the experimental wells and then incubated for 45 
minutes at 37℃. Lastly, the fluorescence intensity was re-
corded with excitation and emission wavelengths of 
Ex/Em=485/528 nm using a fluorescence microplate read-
er (Bio-Tek Instruments, Winooski-USA).26 The data were 
reported as fold change in comparison to the untreated cells 
(control). 

5. Apoptosis detection by flow cytometry
Apoptosis level in 5637 cells was determined using 

Annexin-V Apoptosis Detection Kit (MabTag) following 
the manufacturer’s manual and descriptions according to 
Baghbani-Arani et al.27

First, the 5637 cells were cultured in T25 culture flasks 
and then were treated with desired concentrations of 
AgNPs for 24 h. Then, the cells were detached from each 
T25 culture flask. The pellet of control and treated cells 
were resuspended in 90 L of diluted (1x) Annexin-V bind-

ing buffer. Next, 5 L of Annexin-V conjugate and 5 L of 
propidium iodide (PI) solution were transferred into the 
tubes including the cell suspension and then placed in a 
dark room for 20 minutes. Subsequently, 400 L of 
Annexin-V binding buffer was included. After centrifuging 
at 400×g for 5 minutes, Annexin-V binding buffer (1X) was 
added and apoptosis cell death was assessed with a flow cy-
tometer system (Life Technologies Attune NxT). Eventually, 
flow cytometry data were analyzed using FlowJo V10 CL 
software.

6. RNA extraction and quantitative reverse transcription- 
PCR (qRT-PCR)

The whole RNA was extracted from the control and 
AgNPs-treated 5637 cells using Kiazol reagent according 
to Kiazist kit instruction. The quantity of RNA was meas-
ured via determining the absorbance at 260/280 nm by 
NanoDrop One UV-Vis Spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA) and also the quality was checked 
by %1 gel agarose electrophoresis. The RNA samples con-
verted to cDNA by reverse transcriptase enzyme using 
BioFactTM RT Series cDNA synthesis kit and qRT-PCR was 
done on a LightCyclerⓇ96 instrument (Roche, Germany). 
The primer sequences of Bax, Bcl-2 and  actin, used for the 
analysis, were designed by primer3 software and verified 
by Blast search. The primers sequences are displayed in 
Table 2. Furthermore, the specificity of primers was checked 
according to the melting-curve analysis. the relative ex-
pression level was determined based on 2−∆∆Ct method28 

in which the target gene expression was normalized with 
the expression level of  actin as an internal control. 

7. Determination of caspase 3,7 activity
A cell lysate of 5637 cells was prepared after 24-h in-

cubation with AgNPs following the Kiazist Kit manual 
(Hamadan, Iran). 

Briefly, 55.5 L of the working solution containing cas-
pase buffer, DTT and caspase substrate and also 50 L of 
the cell lysate were transferred to a 96-well plate and then 
maintained for 1.5 h at 37℃. An ELISA plate reader was 
used to record the absorption at 405 nm. It is important to 
note that, p-nitroaniline (pNA) was regarded as standard 
and the activity of caspase 3,7 was estimated based on the 
standard curve. Finally, the results were expressed as 
mU/mg protein. In addition, a Bradford assay29 was carried 
out to normalize the results. 
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FIG. 2. Effects of silver nanoparticles (Ag NPs) on the viability of 
5637 bladder cancer cells after 24-h incubation are adopted from 
MTT assay. The viability of treated-cells are effectively reduced 
in a dose dependent manner in which the IC50 value is calculated 
to be 51.12 g/mL. Results are reported as mean±SD. *p<0.05 com-
pared to control (untreated cells).

FIG. 3. Effects of silver nanoparticles (Ag NPs) on ROS production 
in bladder cancer 5637 cells. The results are reported as fold 
change in comparison to the untreated cells (control) and ex-
pressed as mean±SD. AgNPs could obviously increase the ROS 
production. ***p<0.001 compared to the control (untreated cells). 
ns: non-significant differences between experimental groups.

8. Statistical analysis

All experimental data were reported as mean±standard 
deviation (SD) using GraphPad prism 9 software. Triplicate 
determinations were carried out to determine the SD. 
One-way ANOVA following Tukey’s test was used to ana-
lyze the data along with specifying the statistically sig-
nificant differences among the studied groups at a sig-
nificance level of p<0.05.

RESULTS

1. Effects of AgNPs on 5637 cell viability
As it is shown in Fig. 2, AgNPs could reduce the 5637 cells 

viability in a dose-dependent mode in which the IC50 
(half-maximal inhibitory concentration) value was esti-
mated to be 51.12 g/mL after 24 h incubation. The viability 
of 5637 cells was remarkably decreased in cells exposed to 
AgNPs in doses ranging from 3.9-125 g/mL compared to 
the control untreated cells (100% cell viability). According 
to IC50 concentration, we selected the 30, 50 and 60 g/mL 
doses of AgNPs for subsequent experiments.  

2. Intracellular ROS production in the presence of AgNPs
Results revealed that ROS production was significantly 

increased in AgNPs-treated cells with respect to the control 
(p<0.001), while there were no noticeable differences 
among different concentrations (p>0.05). According to Fig. 
3, ROS generation was augmented more than two-fold in 
cells exposed to AgNPs compared to the control cells 
(p<0.001). 

3. Induction of apoptosis by AgNPs (Annexin V/PI)
The percentage of cell apoptosis were quantitatively de-

tected by the Annexin V–FITC/PI double staining assay. As 

it is depicted in Fig. 4A, exposure to AgNPs could mean-
ingfully increase the rate of apoptosis in AgNPs-treated 
5637 cells compared to the untreated control cells in which 
the main apoptotic cells were in the early apoptotic phase. 
Furthermore, necrotic or PI-positive cells were not ob-
served in experimental groups (Fig. 4A). Statistical analy-
sis of flow cytometry data indicated that AgNPs could re-
markably enhance the total apoptosis in comparison to the 
control cells (Fig. 4B) (p<0.05). 

4. Apoptotic gene expression changes in the presence of 
AgNPs

As it is demonstrated in Fig. 5, AgNPs could mean-
ingfully alter Bax and Bcl-2 genes expression in 5637 cells. 
qRT-PCR results showed an over-expression of Bax 
(pro-apoptotic gene) in cells exposed to 60 g/mL of AgNPs 
(p<0.01). Meanwhile, the expression level of Bcl-2 (anti- 
apoptotic gene) was remarkably down-regulated in 50 and 
60 g/mL-treated cells compared to the control (p<0.001). 
Moreover, the elevation of Bax/Bcl-2 ratio was obtained 
from data as emphasize that the apoptosis was induced in 
AgNPs-treated cells at the concentrations of 50 and 60 
g/mL compared with the control (p<0.001). However, the 
Bax/Bcl-2 ratio was not statistically significant in cells in-
cubated with 30 g/mL dose of AgNPs (p>0.05). 

5. AgNPs induce apoptosis through caspase 3,7 activation 
The effects of AgNPs on caspase 3,7 activity are demon-

strated in Fig. 6. A noticeable increase in caspase 3,7 activ-
ity was observed when the bladder cancer 5637 cell line 
were treated with different concentrations of AgNPs com-
pared to the control cells (p<0.01). Furthermore, the activ-
ity level was significantly higher in 60 g/mL-treated cells 
compared to those exposed to 30 g/mL of AgNPs (p<0.01). 
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FIG. 4. (A) Silver nanoparticles (AgNPs) induce apoptosis in bladder cancer 5637 cells. The 5637 cells were treated with 30 and 50 g/mL 
of AgNPs for 24-h, and then apoptosis was evaluated by Annexin V–FITC/PI flow cytometry assay compared to the untreated control 
cells. The four quadrants of flow cytometry graph represent Necrotic (Q1), Late apoptotic (Q2), Early apoptotic (Q3) and Viable (Q4) 
cells. (B) Total apoptosis level (early and late apoptotic cells) in 30 and 50 µg/ml-treated cells compared to the control. The results are 
reported as mean±SD (n=3). ***p<0.001 compared to the control and ##p<0.01 shows significant differences between groups.

FIG. 5. Exposure to silver nanoparticles (AgNPs) leads to apopto-
sis in bladder cancer 5637 cells. Alterations of pro- (Bax) and an-
ti-apoptotic (Bcl-2) genes expression in 5637 cells are adopted 
from qRT-PCR assay. The ratio of Bax to Bcl-2 shows the rate of 
apoptosis. Fold change is calculated using 2−∆∆Ct method and the 
-actin gene expression was regarded as an internal control. The 
results are reported as mean±SD (n=3). **p<0.01 and ***p<0.001 
compared to untreated control cells.

FIG. 6. Effects of silver nanoparticles (Ag NPs) on caspase 3,7 activ-
ity in bladder cancer 5637 cells. AgNPs could significantly stim-
ulate the activity of caspase 3,7. Results are reported as mean±SD.
**p<0.01, ***p<0.001 compared to the control (untreated cells). 
##p<0.01 shows significant differences between groups.

DISCUSSION

Typically, cells prevent excessive growth and tumori-
genesis by regulating vital processes such as cell growth 
and proliferation; however, the disruption of cellular proc-

esses might lead to cancer development.30 BC is currently 
known as one of the major causes of morbidity and death, 
especially in men.3 

Since nanotechnology has shown favorable and promis-
ing results in cancer therapy, we aimed to explore the anti-
cancer action of AgNPs in bladder cancer 5637 cell line, 
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which was derived from a grade II tumor of bladder. To 
reach this goal, the apoptotic pathway was evaluated via 
ROS production, flow cytometry assay, Bax/Bcl-2 genes ex-
pression and the activity of caspase 3,7.  

The MTT method is usually carried out to estimate the 
viability of cells in the presence of anticancer agents. The 
results of the MTT viability assay clearly showed that the 
rate of viability declined in the 5637 cancer cells exposed 
to AgNPs which is in full compliance with some other re-
lated studies.31-33 For instance, Acharya et al.31 reported 
that eco-friendly AgNPs have anticancer effects on color-
ectal cancer cells (HCT-116) in which the dose-dependent 
inhibitory effects were determined by MTT assay with a 
50% cytotoxic concentration (CC50) of 48.84±0.78 g/mL 
after 24-h. More importantly, Elhawary et al.34 synthe-
sized spherical AgNPs with average size of 9.22 nm using 
extract of Jasminum ficinale L. and subsequently exam-
ined their anticancer potential on 5637 bladder cancer 
cells. The IC50 of 9.22 nm AgNPs was reported to be 13.09 
g/mL in 5637 cells. It seems that the larger size of AgNPs 
have less cytotoxicity in 5637 cells as the IC50 was calcu-
lated to be 51.12 g/mL after being exposed to 30 nm 
AgNPs. In this regard, it is reported that the size of AgNPs 
plays an important role in their cytotoxic effects. Besides, 
several studies have reported that smaller AgNPs exert 
more toxicity within cells compared to larger ones in equiv-
alent concentrations.35

In the current study, the ability of AgNPs to stimulate 
ROS production in 5637 cells was demonstrated by fluori-
metric assay. Consistent with this, Tian et al.33 reported 
that ROS generation was stimulated in AgNPs-treated 
A549 lung cancer cells. In fact, ROS formation is a strong 
hallmark of cancer cells linked with proliferation action. 
Mechanistically, cells can take up AgNPs through phag-
ocytosis, endocytosis or diffusion and then translocated in-
to the mitochondria, nucleus, and redox-regulating orga-
nelles. This process may result in ROS production, known 
as a principal mechanism of many anticancer drugs. On the 
other hand, excessive ROS formation leads to mitochon-
drial dysfunction, membrane destruction, and oxidative 
stress-induced DNA damage and eventually triggers cell 
death via apoptosis in many cancerous and non-cancerous 
cell lines.36-39

According to the flow cytometry results, AgNPs consid-
erably induce apoptosis in 5637 cells. In related work, 
Joseph et al.40 observed that AgNPs increase the percent-
age of apoptotic cells in MCF-7 cell line using Annexin 
V-FITC/PI apoptosis method and flow cytometry. Further-
more, their results showed that AgNP-treated MCF-7 cells 
are shifted into the early apoptotic phase after 72 h which 
is approximately in accordance with the present study re-
sults in 24 h. To elucidate the Annexin V-FITC/PI assay in 
more details Annexin V can basically bind to phosphati-
dylserine which is located in the outer membrane of apop-
totic cells whereas PI usually enters the cells with de-
stroyed membrane integrity.41 Thus, PI and Annexin 
V-positive cells are regarded as necrotic and apoptotic cells, 

respectively. Besides, apoptosis could have occurred due to 
the alterations of apoptotic-related genes’ expression. As 
such, we evaluated the Bax and Bcl-2 genes expression that 
effectively contribute to the apoptosis pathway. In con-
nection with apoptosis effects of AgNPs, some reports42-45 
have shown promising anticancer potentials of AgNPs 
leading to an upregulation of Bax and a reduction in the 
Bcl-2 gene expression. However, according to our results, 
it seems that the induced apoptosis in 30 g/mL-treated 
cells may not be related to Bax/Bcl-2 alteration. In this re-
gard, we can also hypothesize that some other apoptotic 
pathways could be involved in AgNPs-mediated cell death. 
For instance, it was reported that AgNPs induce apoptosis 
in HCT116 cells via upregulation of Bcl-2 homologous an-
tagonist/killer (Bak) and P53 along with downregulation 
of Poly [ADP-ribose] polymerase 1 (PARP1) and P21 genes 
expression.46 

In fact, one of the important mechanisms for the resist-
ance of tumor cells against anticancer agents may be re-
lated to their inclination to avoid apoptosis. Therefore, 
there is a substantial demand to propose novel drugs that 
potentially target apoptosis pathways in cancer cells.17 
What is more, it has been well demonstrated that over-
expression of Bax and Bak, as two components of the Bcl-2 
family, sensitizes cells to apoptosis by permeabilization of 
outer mitochondrial membrane, resulting in release of pro-
teins into cytosol. Subsequently, caspases enzymes are ac-
tivated and initiate cell death.47

Our results showed that the AgNPs effectively enhance 
the activity of caspase 3,7 in 5637 cells. 

Moreover, Ullah et al.48 have stated that AgNPs induce 
apoptosis in MCF-7 breast cancer cells through activation 
of caspase 3 and 9. In this direction, it was found that cas-
pase family is involved in the mediation of apoptosis in 
which executive caspases (caspases 3, 6, and 7) can be acti-
vated by initiator caspases (caspases 2, 8, 9, and 10) and 
subsequently promote apoptosis cascade.17,48 All in all, ac-
cording to the aforementioned arguments, it seems that 
AgNPs can be suggested as a great candidate for further 
investigations to eradicate bladder cancer cells. 

In conclusion, the viability of bladder cancer 5637 cells 
was reduced after 24-h incubation with AgNPs. Besides, 
AgNPs could promote apoptosis via excessive ROS pro-
duction, caspase 3,7 activation, overexpression of Bax and 
a remarkable reduction in Bcl-2 expression. Moreover, flow 
cytometry data verified the capability of AgNPs as an apop-
tosis inducer in 5637 cells. Despite the considerable efforts 
of this study to discover the anticancer activity of AgNPs 
on bladder cancer cells, further research might still be re-
quired to realize the mitochondrial-mediated apoptosis 
pathways. 
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