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Abstract

Lung cancer is the leading cause of male cancer deaths worldwide. Metal-based anticancer drugs have evolved significantly
during the past decades. Recently, silver ions have been investigated for their anticancer effects. We aimed to study
the time-course cytotoxic effects of silver nitrate on A549 adenocarcinomic human alveolar basal epithelial cells to
provide insights into the molecular-level understanding of growth suppression mechanism involved in apoptosis. The
influences of silver nitrate were studied via MTT assay, flow cytometry, immunocytochemical, confocal and transmission
electron microscopy, and microarray assays. Silver nitrate showed inhibitory effects against A549 cells in a dose- and
time-dependent manner for 24, 48, and 72h and induced apoptosis. The early and late apoptotic cells and depolarized
mitochondrial membrane potential were determined by the half-maximal inhibitory concentration (ICs) value of silver
nitrate treated for 72 h. But cysteinyl aspartate proteinase-3 was not activated for 72 h. Furthermore, I1Cs, value of silver
nitrate also induced apoptosis according to immunocytochemical assays for 72h. The downregulated CCNY, HNRNPL,
ASFIB, PIAS4, HNRNPH |, EIF2C2, TAFI5, FOXCI, LEP, and PCB2 genes administered with silver nitrate 1C, were identified
as apoptosis-leading genes. Silver nitrate may be a suitable therapeutic agent against lung cancer.
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Introduction The aim of this study was to determine the apoptotic
. . signaling pathways that underlie the anticancer influences
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cause of death all around the world," and most of the basal epithelial cells. We evaluated primarily the cytotox-
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carcinomas,! and 31% of lung cancers are adenocarcino- (3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyl-2H-tetrazolium
mas.* The A549 cells are adenocarcinomic human alveolar bromide) assay. Then, the effects on apoptosis were inves-
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immunocytochemical assays, confocal microscopy, trans-
mission electron microscopy, and microarray assay.

Materials

The A549 cells were purchased from American Type
Culture Collection (ATCC, USA). Silver nitrate (AgNO;)
was purchased from HiMedia (India). Cisplatin and
Roswell Park Memorial Institute (RPMI 1640) medium
were from Sigma-Aldrich (USA), fetal bovine serum
(FBS) and penicillin—streptomycin were from Gibco
(South America, USA), Dulbecco’s phosphate-buffered
saline concentrate (10x) was from Biological Industries
(Israel), trypsin/ethylenediaminetetraacetic acid (EDTA)
solution was from Biochrom (Germany), MTT was from
Alfa Aesar (Germany), and dimethylsulfoxide (DMSO)
was from Sigma-Aldrich. The Annexin-V FITC/propidium
iodide (PI) apoptosis detection kit, caspase-3 kit, and JC-1
kit were purchased from BD Biosciences (USA). The
Annexin-V FITC, acridine orange, terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL), bro-
modeoxyuridine (BrdU), hematoxylin/eosine, and Bcl-2
and Bax kits were purchased from Santa Cruz
Biotechnology (USA). High pure RNA isolation kit (50
reactions) was obtained from Roche (Switzerland).
Ambion total RNA Prep Kit (24 reactions) and
HumanHT-12 v4 Bead Microarray Chip kit (12 reactions)
were purchased from Illumina (USA).

Methods
Model cell line

The A549 cells were maintained in 75cm? sterile plastic
tissue culture flasks in RPMI medium supplemented with
10% (v/v) FBS and 1% penicillin/streptomycin (100 units/
mL) as adherent monolayers. These cells were grown at
37°C in a humidified atmosphere containing 5% CO, in air.

Cell viability analysis

The A549 cells were cultured at a density of 5% 103 cells
per well in flat bottomed 96-well plates with various con-
centrations (1, 5, 10, 25, 50, 100, 125, 250, 500, and
1000 uM) of silver nitrate and cisplatin for 24, 48, and 72h
at 37°C in a humidified atmosphere containing 5% CO, in
air. The main stock solution of the compound was prepared
by dissolving in 0.1% DMSO and diluting in culture
medium. After incubation, MTT powder (5mg/mL) dis-
solved in phosphate-buffered saline (PBS) was added in
each well (20pL) for 2—4h. Then, the medium was
removed from the plate and 100 pL. of DMSO was added in
each well to dissolve the dye and kept for 10 min. The cells
were measured at 540nm using microtiter plate reader
(BioTek Instruments ELx808IU, USA). Cell viability was
calculated as a percent ratio and compared with the control

cells. Each concentration was repeated in three wells and
half-maximal inhibitory concentration 50 (ICs,) values
were defined as the drug concentrations that reduced
absorbance to 50% of control values. Three independent
experiments were conducted to arrive at this IC, value.

The determination of early/late apoptosis by
flow cytometry

The A549 cells were seeded at 10° cells/mL per well in six-
well plates at 37°C in a humidified atmosphere containing
5% CO, in air. Then, cells were treated with silver nitrate
(13.5uM) and cisplatin (3 uM) at ICs, doses for 72h. The
A549 cells were harvested and washed twice with ice-cold
PBS and resuspended in 100 uL of binding buffer. A vol-
ume of 5 pL (5 pg/mL) of Annexin V-FITC and PI were
added to the A549 cells and incubated for 15min in the
dark at room temperature (20-25°C). Then, 400puL of
binding buffer was added to the mixture samples and ana-
lyzed with a flow cytometer (BD FACS Aria Cell Sorter
flow cytometry, BD Biosciences).

The analysis of caspase-3 by flow cytometry

The A549 cells were plated at a density of 103 cells in six-
well plates at 37°C in a humidified atmosphere containing
5% CO, in air, and treated with ICs, doses of cisplatin
(3 uM) and silver nitrate (13.5 uM) for 72 h. After treatment,
the cells were harvested and washed twice with PBS. Then,
the cells were suspended in BD Cytofix/Cytoperm (0.5mL
for each sample, BD Biosciences) and incubated for 20 min
on ice. After incubation, the cells were centrifuged and the
supernatant was discarded. Then, each of the samples was
washed twice with 1x BD Perm/Wash buffer (0.5mL for
each sample, BD Biosciences). A volume of 100 uL of 1x
BD Perm/Wash buffer and 20puL of caspase-3 antibody
were added to each sample and incubated for 30 min at room
temperature. After incubation, the samples were washed
with 1 mL BD Perm/Wash buffer and centrifuged. After cen-
trifugation, the cells were suspended in 0.5mL 1x BD Perm/
Wash buffer and analyzed with a flow cytometer (BD FACS
Aria Cell Sorter flow cytometry, BD Biosciences).

Analysis of mitochondrial membrane potential
by flow cytometry

After being administered with ICy, doses of cisplatin
(3uM) and silver nitrate (13.5uM) for 72h in six-well
plates, A549 cells were harvested and washed twice with
PBS. The cells were centrifuged at 400g for 5 min and the
supernatant was discarded. JC-1 dye solution (0.5mL, 1x
assay buffer+JC-1 stock solution) was added to each sam-
ple and incubated for 10—15min at 37°C. After incubation,
the cells were washed with 2mL of 1x assay buffer and
ImL of 1x assay buffer. Then, each of the samples were
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suspended in 0.5 mL of 1x assay buffer and analyzed with
a flow cytometer (BD FACS Aria Cell Sorter flow cytom-
etry, BD Biosciences).

Immunocytochemical analysis

Fixation, paraffin embedding, and depardffinization. The
A549 cells were maintained in 75cm? sterile flasks and
administered with ICs, doses of cisplatin (3 uM) and silver
nitrate (13.5 uM) for 72 h. Then, the cells were fixed over-
night with 10% neutral-buffered formalin (900mL dis-
tilled water (pH 7), 4 g sodium phosphate monobasic, 6.5 g
sodium phosphate dibasic, and 100 mL of pure formalde-
hyde, (37%-40%)). Then, a little of paraffin was poured
for paraffin embedding in the metal mold and the cells
were placed in the mold. Then, the adhesion of cells was
equally provided pressing on the base in cold. The cassette
block was placed on the mold and the paraffin was added
until it passed through the hole of the cassette block. The
cassette block was then inserted into the holder slot. The
tissue was trimmed to obtain integrity. Thin sections of,
approximately, 4um were cut (ultramicrotome LEICA
EM UC6, Leica Microsystems, Germany) and kept in the
water bath at 45°C without shrinking. Then, the sections
were transferred onto coverslides and sequentially to 60%,
70%, 80%, 90%, and 96% alcohol and incubated for about
1 h. Again, the sections were incubated in absolute alcohol.
After incubation, acetone and xylene were added to the
sections and incubated for 30 min. Deparaffinization lasted
for 16h, wherein the sections were incubated at 60°C for
1 h. After incubation, xylene was added three times to the
sections for every 5min. The sections were incubated in
absolute alcohol and hydrated sequentially to 96%, 90%,
80%, 70%, and 50% alcohol for 1 min. The sections were
then incubated in distilled water for 1 min and followed by
staining procedure with hematoxylin.

Immunocytochemical staining

Hematoxylin and eosin staining. After incubating the sec-
tions in distilled water for 1 min, they were stained with
hematoxylin, which was allowed to stand for 2 min. Again,
the sections were incubated in distilled water for 1 min. A
volume of 0.3% acid alcohol was added to remove over-
staining. Then, the sections were incubated in distilled
water for 1 min. Ammonia water (1%) was added to the
sections, and the sections were immersed in 96% alcohol
fivetimes. Then, the sections were incubated with eosin Y
(alcoholic) for 2min and dehydrated in 70%, 90%, 96%,
and absolute alcohol. Entellan was dropped on slides and
24 x 60 lamella was closed at 45°. The samples were then
scanned by light microscopy.

TUNEL staining. The sections were washed with distilled
water and exposed to Proteinase K enyzme at 37°C for
15min. Then, they were washed with PBS and incubated

with hydrogen peroxide (3% aqueous), PBS, and equili-
bration buffer for 3 min. The sections were then incubated
with terminal deoxynucleotidyl transferase (TdT) enzyme
working solution for 1h, digoxigenin peroxidase second-
ary antibody for 30 min, and DAB (3,3'-diaminobenzidine)
chromogen for 5 min. After incubation, acetone and xylene
were added to the sections and kept for 30 min. The sec-
tions were incubated three times with paraffin for 30 min.
Overall, the treatments lasted for 16 h. The samples were
dehydrated in 70%, 90%, 96%, and absolute alcohol.
Entellan was dropped on slides and 24 x 60 lamella was
closed at 45°. The samples were then scanned by light
microscopy.

BrdU labeling. An antigen retrieval step was applied to
remove the masking antigen. The diluted citrate (pH 6,
1/10) was added to the sections. The sections were incu-
bated in distilled water for 30s. Then, the samples were
incubated with PBS for 3min, serum block solution for
Smin, and the primary antibody (BrdU) for 1h. After incu-
bation, the sections were washed with PBS for 3 min and
the secondary antibody horseradish peroxidase (HRP) pol-
ymer was added and incubated for 20 min. Then, the sam-
ples were again washed with PBS for 3 min and incubated
with DAB chromogen for 3 min. The samples were dehy-
drated in 70%, 90%, 96%, and absolute alcohol. Entellan
was dropped on slides and 24 x 60 lamella was closed at
45°. The samples were then scanned by light microscopy.

Bcl-2 and Bax labeling. An antigen retrieval step was
applied to remove the masking antigen. The diluted EDTA
(pH 8, 1/10) was added to the sections. The sections were
incubated in distilled water for 30s and hydrogen per-
oxide (3% aqueous) for 10min. Then, the samples were
incubated with PBS for 3min, serum block solution for
Smin, and the primary antibody (Bcl-2 and Bax) for 1h.
After incubation, the sections were washed with PBS for
3min and incubated with the amplifier for 20 min. Then,
the samples were again washed with PBS for 3 min. After
washing, the samples were incubated with HRP polymer
for 20min, PBS for 3 min, aminoethyl carbazole (AEC)
chromogen for 3 min, and washed with distilled water for
30s. The samples were dehydrated in 70%, 90%, 96%, and
absolute alcohol. Entellan was dropped on the slides and
24 x 60 lamella was closed at 45°. The samples were then
scanned by light microscopy.

The evaluation via confocal microscopy

The A549 cells were plated onto sterilized coverslips in six-
well plates, and exposed to the IC, doses of cisplatin
(3uM) and silver nitrate (13.5uM) for 72h at 37°C. After
exposure, the control and treated cells were washed with
PBS and stained with Annexin-V FITC and acridine orange
fluorescent dyes. Then, the structure of the cell membrane
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and nucleus were observed, and structural changes were
detected. The morphology was scanned by Leica TCS-SP5
II confocal microscopy and Leica Confocal Software ver-
sion 2.00 was used for further analysis (Wetzlar, Germany).

Transmission electron microscopy

The A549 cells were grown in a 75 cm? sterile plastic tis-
sue culture flask. The A549 cells with 80%—-90% conflu-
ence were exposed to ICs, doses of cisplatin (3 uM) and
silver nitrate (13.5uM) for 72h. Both the untreated and
treated cells were incubated for 72h. The effects of cispl-
atin and silver nitrate on A549 cells were determined using
a transmission electron microscope (TEM, FEI Technai
Biotwin, Hillsboro, Oregon, USA). The A549 cells were
grown in Dulbecco’s Modified Eagle’s Medium (DMEM)
medium and were fixed with 2.5% glutaraldehyde in 0.1 M
PBS (pH 7.4) for overnight incubation at 4°C. After being
embedded in agar and post fixation in 2% osmium tetrox-
ide, cells were dehydrated in graded ethanol: 70, 90, 96,
and 100%. The cells were then embedded in Epon 812
epoxy and sectioned with ultramicrotome (LEICA UC6,
Wetzlar, Germany)).

Microarray analysis

The A549 cells were maintained at a density of 10°—107 in
75 cm? plates at 37°C in humidified atmosphere containing
5% CO, in air. ICs, doses of cisplatin (3 uM) and silver
nitrate (13.5 uM) were administered to the cells. Then, the
cells were harvested and centrifuged. The supernatant was
discarded. A volume of 200 uL of PBS was added to each
sample pellet, and the samples were transferred to 2mL
Eppendorf tubes and stored at —80°C. Then, 400 uL of
lysis/binding buffer was added to the samples and vor-
texed for RNA isolation. After centrifugation, 90 uL. of
DNase I incubation buffer+ 10 uL of DNase I were added
to the samples and incubated at room temperature for
15min. After incubation, 500 uL of Wash Buffer I and
Wash Buffer 11 were added and centrifuged at 8000g for
15s. A volume of 2uL of total messenger RNA
(mRNA)+1pL of T7-Oligo(dT) primer were transferred
to 200puL polymerase chain reaction (PCR) tubes and
incubated at 65°C for Smin in a thermal cycler. After incu-
bation, the samples were centrifuged and 2 puL of prepared
mix (1.5puL of vl-st-Strand ¢cDNA PreMix+0.25uL of
dithiothreitol (DTT)+0.25 uL of SuperScript III Reverse
Transcriptase=2 pL of total reaction volume) was added to
the samples and incubated at 50°C for 30 min in a thermal
cycler. The strand DNA polymerase was incubated at 65°C
for 10 min and spinned. Then, the samples were incubated
at 80°C for 3min and complementary DNA (cDNA) was
obtained. Then, 2uL of T7 transcription buffer+3 uL of
uridine triphosphate (UTP)/biotin-UTP+10uL of NTP
PreMix+3puL of DTT+2uL of T7 RNA polymer-
ase=20pL of total reaction volume was added to the

samples for cDNA transcription at 42°C for 4h. For com-
plementary RNA (cRNA) synthesis, 20puL. of DNase-/
RNase-free water and 100 uL of RNA binding buffer were
added to the samples. Equivalent amount of ethanol was
added to the mixture. The samples were then transferred to
the column tube and were centrifuged at 12000g for 1 min.
Then, 800 uL. of RNA Wash Buffer was added and centri-
fuged at 12000g for 30s. Again, the samples were washed
with 400 uL of RNA Wash Buffer and centrifuged. The fil-
ter tube was removed from the collection tube to discard
the supernatant and combined with the collection tube
again to centrifuge the samples at 12000g for 2 min. A vol-
ume of 25 uL of DNase-/RNase-free water was added to
each sample for the RNA transition in the column tube. In
the next step, cCRNA was diluted at hybridization in 200 pL
tubes. The samples were incubated at 65°C for 5min.
Then, SuL of sample and 10 puL of hybridization buffer
mixtures were transferred to 12 tubes. A volume of 200 pL.
of hybridization buffer was added to the slots on the chip
platform. The chip was incubated in the hybridization oven
at 58°C for 14-20h. After hybridization, the chip was incu-
bated in a water bath at 55°C. Then, the chip was dried at
1400r/min for 4min. Finally, the samples were scanned
using [llumina Scan Control Software program of [llumina
iScan (San Diego, California, USA).

Results

The cytotoxicity of silver nitrate on A549 cells

The cytotoxicity assays and determination of ICs, doses of
cisplatin and silver nitrate in A549 human lung cancer
cells were performed by MTT assay. The formazan forma-
tion was quantified spectrophotometrically at 540nm
using a microplate reader. The cytotoxic influences of cis-
platin and silver nitrate were analyzed using 1, 5, 10, 25,
50, 100, 125, 250, 500, and 1000 uM doses for 24, 48, and
72h, respectively (Figure 1). The antiproliferative and
cytotoxic effects of cisplatin (Figure 1(a)) and silver nitrate
(Figure 1(b)) were demonstrated as dose- and time-
dependent reduction compared to control cells. The reduc-
tion on cell viability was observed in >90% of cells at
1000 uM dose. The ICy, doses of the substances were sta-
tistically calculated using Microsoft Excel 2010 (Redmond,
Washington, USA) and 11.5 SPSS program (SPSS Inc.,
USA) (Table 1). ICs of silver nitrate showed more cyto-
toxic effect than cisplatin for 24 h but cisplatin was more
effective for 48 and 72h (Table 1).

Effects of silver nitrate on early/late apoptosis

AS549-treated cells were analyzed using fluorescence-acti-
vated cell sorting (FACS) in order to distinguish between
early/late apoptotic and necrotic features. The ICs, of sil-
ver nitrate and cisplatin were administered to A549 cells
for 72h with each sample divided into two aliquots for
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Figure I. The cytotoxic and antiproliferative activities of
silver nitrate and cisplatin against A549 adenocarcinomic human
alveolar basal epithelial cells. The dose- and time-dependent
effects were analyzed by MTT assay and the percentage viability
was calculated: (a) cells treated with cisplatin; (b) cells treated
with silver nitrate (data recorded as mean +SD).

*p<0.05 significantly different from control.

FACS analysis. One aliquot was stained with PI with
degraded DNA to assess apoptotic cells. The second
aliquot was used to evaluate the ruptured membranes of
necrotic cells. Ruptured membranes of necrotic cells allow
free PI uptake. PI is negative in early apoptotic and live
cells but positive in late apoptotic cells (Figure 2). The late
apoptotic cells increased 2.8-fold in cells administered
with cisplatin (ICs, value; Figure 2(b); Table 2), and it was
increased 1.7-fold in cells administered with silver nitrate
(ICs, value; Figure 2(c); Table 2) compared to control cells
for 72h. However, early apoptotic cells increased
27.2-fold in cisplatin-treated cells (Figure 2(b); Table 2),

and increased 9-fold in silver nitrate—treated cells for 72h
(Figure 2(c); Table 2).

The caspase-3 activity in A549 cells treated by
silver nitrate

Caspase-3 is one of the cysteine proteases which plays a
major role in the execution of apoptosis. Caspase-3 activ-
ity was measured by flow cytometry assay using caspase-3
antibody. The activation of caspase-3 was found to be
increased in cells administered with cisplatin (ICy, value)
compared with control cells (Figure 2(b)), but not for sil-
ver nitrate (ICs, value), after 72 h of incubation (Figure 2(c);
Table 3).

The mitochondrial membrane potential in
A549 cells treated by silver nitrate

Mitochondrial membrane potential (A¥m), an important
parameter of mitochondrial function, is often employed as
an indicator of cellular viability. The lipophilic dye (JC-1)
accumulates in the mitochondria to indicate the dissipation
of A¥m. The ICy, of cisplatin and silver nitrate caused a
reduction in AYm when administered for 72 h (Figure 2(b)
and (c); Table 4). The ICs, of cisplatin reduced A¥m upto
5.4-fold compared to control cells, whereas the ICs, of sil-
ver nitrate decreased AYm upto 1.4-fold compared to con-
trol cells (Table 4).

Immunocytochemical identification of silver
nitrate—treated A549 cells

The presence of apoptosis was determined by hematoxy-
lin and eosin (H&E), paraffin embedded TUNEL, BrdU,
and Bcl-2 and Bax stainings using light microscopy
(Figure 3). The apoptotic quantification was expressed as
the percentage of staining multiplied by staining intensity.
The scores quantification of the incidence of macroscopic
was higher in treated cells than in control cells (Table 5).
Based on the results of immunocytochemical staining
(TUNEL, BrdU, and Bcl-2 and Bax), the ICs, values of
cisplatin-induced apoptosis were compared to control
cells (Figure 3(a) and (b); Table 5). Furthermore, the ICs,
of silver nitrate—induced apoptosis at H&E, TUNEL,
BrdU, and Bcl-2 and Bax staining were recorded (Figure
3(a) and (c); Table 5).

Table I. The half-maximal inhibitory concentration (IC;,) values of silver nitrate and cisplatin for 24, 48, and 72 h.

Concentration (uM) 24h 48h 72h
Cisplatin (ICs) 31.25%1.76 5.1+1.69 30
Silver nitrate (ICs) 24.75+0.35 15+0 13.5+£2.12
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Figure 2. The effects of silver nitrate on apoptosis: the A549 cells were treated with silver nitrate and positive control cisplatin
for 72h. The flow cytometry analyses (Annexin V-FITC/PI, Caspase-3 and Mitochondrial membrane potential) were performed. At
least, 10,000 cells were analyzed per sample and quadrant analysis was performed.

Table 2. The quantitative analysis of early and late apoptosis by flow cytometry. The percentages of early and late apoptotic cells

were demonstrated in silver nitrate—treated cells.

Groups Ql Q2 Q3 Q4
Control (%) 0.2 4.1 94.8 0.9
Cisplatin (%) 2.6 .5 61.5 24.5
Silver nitrate (%) 1.5 7.2 83.2 8.1

QI: Necrosis; Q2: Late apoptosis; Q3: viability; Q4: Early apoptosis.

Confocal microscopy of silver nitrate—treated
A549 cells

According to the microscopy results, the cells adminis-
tered with cisplatin and silver nitrate were labeled by
Annexin FITC (green) and acridine orange (red; Figure 4).
We observed apoptotic features, such as intact nuclear
morphology, nuclear fragmentation, condensed nucleus,

ghost cell, and condensed chromosome on treated cells
(Figure 4(b) and (c))

Transmission electron microscopy of silver
nitrate—treated A549 cells

The A549 cells were exposed to ICs, dose of silver nitrate
for 72h. Transmission electron microscopy (TEM)



Kaplan et al.

Table 3. The quantitative analysis of caspase-3 activity by flow
cytometry. The percentages of caspase-3-activated cells were
determined in silver nitrate—treated cells.

Groups P2 P3
Control (%) 98.1 2.1
Cisplatin (%) 61.2 40.7
Silver nitrate (%) 98.6 1.5

P2: living cells; P3: caspase-3-activated cells.

Table 4. The quantitative analysis of mitochondrial membrane
potential by flow cytometry: the percentages of mitochondrial
membrane depolarized cells were detected in silver nitrate—
treated cells.

Groups P2 P3
Control (%) 953 4.1
Cisplatin (%) 76.6 223
Silver nitrate (%) 93.6 5.9

P2: mitochondrial membrane polarized cells; P3: mitochondrial mem-
brane depolarized cells.

analyzed ultrastructural cell changes. The structural
changes recorded all evidences of apoptotic activity, such
as condensed nucleus and chromosome, and fragmented
nuclei (Figure 4). The structural changes on cells caused
by 72h of exposure to the ICy, dose of silver nitrate were
shown in Figure 4(b) (condensed nucleus and chromo-
some) and in Figure 4(c) (fragmented nuclei). In contrast,
control cells had a normal cell ultrastructure.

Gene array analysis in A549 cells treated by
silver nitrate

To evaluate the quality and consistency of silver nitrate, the
scatterplot and correlation map with hierarchical clustering
analyses were performed with microarray analysis. The
upregulated and downregulated genes were found by
microarray analysis (Figure 5; Table 6). The 16 upregulated
genes and 10 downregulated genes showed apoptotic activ-
ity: BAX, EI24, PEA15, CYFIP2, DKK1, TFPI2, ABCAI,
FEZI, CLDNI, IGFBP7, TP53INPI1, FAS, TNFRSF10B,
TP5313, CDKNIA, and TNFSF14 genes were upregulated
with cisplatin administration;, CCNBI, FGFR3, CDCA5,
CCNB2, ASFIB, EIF2C2, FOXCI, ANG, ANG and
NUCKS! genes were downregulated with cisplatin admin-
istration (Figure 5; Table 7). However, CCNY, HNRNPL,
ASFIB, PIAS4, HNRNPHI, EIF2C2, TAF15, FOXCI,
LEP, and PCB2 genes were downregulated with silver
nitrate administration. ASF1, EIF2C2, and FOXCI genes
were downregulated with the administration of the both
agents. This indicates that silver nitrate may affect same
genes targeted by cisplatin as well (Figure 5).

Discussion

Our aim was to investigate whole genome and apoptotic
signaling pathways of silver nitrate in A549 adenocarci-
nomic human alveolar basal epithelial cells. Silver
nitrate administered to A549 cells significantly induced
cell death and showed inhibitory effects at low doses,
inducing apoptotic signaling pathways. In this study,
silver nitrate increased early/late apoptosis and depolar-
ized mitochondrial membrane potential. The reduced
mitochondrial membrane potential has been implicated
in the signal pathways leading to apoptosis. In this
study, early apoptosis, which is the main cause of cell
death, was increased by silver nitrate compared to con-
trol cells.

The recent studies have demonstrated that silver com-
pounds have in vitro anticancer activities. Silver nitrate
has been administered in immortalized murine fibroblast
cell line 1929 and the inhibitory effects have been deter-
mined.'>13 Park et al.!? have showed that IC,, value of sil-
ver nitrate was detected as 7.1 pg/mL for L929 cells. Kaba
and Egorova'4 suggested that silver nitrate was moderately
cytotoxic toward U937 (human leukemic monocyte lym-
phoma) cell line at different concentrations. In another
study, the different concentrations of silver nitrate (1, 10,
50, and 100pg) have been tested in the growth of
MDA-MB-231 cells, and the cell viability has been meas-
ured. Silver nitrate was administered at a concentration of
100 ug/mL of the cells.!’ Cisplatin and silver nitrate have
also been administered against OVCAR-3 (ovarian),
MBI157 (breast), and Hela (cervical) human cancer cell
lines for 72 h. The inhibitory effects of cisplatin have been
determined at 12, 25, and 25 uM for 72 h and the inhibitory
effects of silver nitrate (ICs, value) have been obtained at
35, 5, and 50 uM for 72 h. Silver nitrate has been observed
to be most effective in the MB157 cell line compared to
OVCAR-3 and Hela cell lines due to ultra low dose (5 uM)
as 1Cs, value. Silver nitrate has no effect as cisplatin on
OVCAR-3 and Hela cells but has significant effect on
MB157 cells.!¢ Our results show that ICs,, values of silver
nitrate and cisplatin are 13.5 and 3 uM, respectively, in
A549 cells. This means that silver nitrate and cisplatin are
more effective on A549 cells compared to Hela and
OVCAR-3 cells. Miura and Shinohara!’” have demon-
strated that silver nitrate has powerful inhibitor influences
on Hela cell lines and triggered apoptosis causing the oxi-
dative stress. IC;, was determined at 17 ug. The early/late
apoptotic effects of silver nitrate have been observed in a
dose-dependent manner. The late apoptotic cells have
increased compared to early apoptotic cells.!” Our findings
showed that early apoptotic cells (Annexin V-positive,
Pl-negative) increased 5.2-fold compared to late apoptotic
cells (Annexin V-positive, Pl-positive). It is known that
apoptotic cells are Annexin-V-positive and PI-negative. At
the same time, Annexin V-positive and Pl-positive cells
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Figure 3. The assessment of apoptosis by immunocytochemical staining using light microscopy: (a) untreated cells; (b) A549 cells
treated with ICy, value of cisplatin; and (c) A549 cells treated with ICs, value of silver nitrate.

are secondary necrotic cells.!® Our results showed that
there has been less necrosis in our study compared to the
results of Miura and Shinohara.!” The inhibition of A549
cells has been induced by silver nitrate. The lowest con-
centration effect of silver nitrate has been detected at

30uM for 24h." In this study, the lowest concentration
effect of silver nitrate has been found at 24.75 uM for 24 h.

Foldbjerg et al.?’ have revealed that silver ions induced
apoptotic DNA damage by increasing the reactive oxygen
species (ROS) levels in A549 cells. We demonstrated that
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Table 5. The quantification of apoptosis scores by
immunocytochemical staining.

Groups Control Cisplatin Silver nitrate
H&E 2 2 3
TUNEL 0 3 I
BrdU 0 3 3
Bcl-2 3 | 0
Bax 0 | 0

H&E: hematoxylin and eosin; 3: maximum staining; 2: moderate stain-
ing; |: less staining; 0: no staining.

silver nitrate induced apoptosis depending on depolarized
mitochondrial membrane potential in A549 cells.
Caspase-3 activity was not induced by silver nitrate. These
findings indicate that silver nitrate triggers different apop-
totic pathways in different cell lines.? In addition, HaCaT
keratinocytes and K562 erythroleukemia mammalian cell
lines have been exposed to various doses of silver nitrate and
it has been effective at 6.4 and 3.5 uM. Administration of sil-
ver nitrate at low doses (<1 uM) induced chromatin changes
in K562 cells. The nuclear changes, such as condensed
chromatin, have been induced by silver nitrate. Silver
nitrate concentrations (10—15uM) caused nuclear shrink-
age with an infrequent formation of apoptotic bodies.?! In
another study, fluorescent microscopic images have shown
that silver nitrate has caused the formation of apoptotic

bodies in MDA-MB-231 human breast cancer cells.!® In
our study, fragmented nuclei and condensed chromosome
were observed in A549 cells by confocal and TEM images.
According to immunocytochemical results (H&E,
TUNEL, and BrdU), silver nitrate induced apoptosis.
Miura and Shinohara!” have indicated that upregulated
HO-1, MT-24, and HSP-70 stress-response genes induced
apoptosis by silver nitrate.!” Our results indicated that
downregulated CCNY, HNRNPL, ASFIB, PIAS4,
HNRNPHI, EIF2C2, TAF15, FOXCI, LEP, and PCB2
genes induced apoptosis by silver nitrate. CCNY gene
expression is not known to be associated with human lung
cancer. However, the overexpression of CCNY gene has
been determined in non—small cell lung cancer (NSCLC)
cells. The downregulated CCNY gene has inhibited lung
cancer growth.?2 Goehe et al.23 have suggested that down-
regulated HNRNPL triggered the loss of tumorigenic
capacity by increasing caspase-9 activity in NSCLC.? In
another study, overexpression of ASF/B has been observed
in breast cancer. The downregulated 4SF'/B may be an
important target for cancer treatment.?* In NCSLC of
H1299 cell line, PIAS4 gene expression suppressed p53
and Bax genes. The inhibition of P/4S4 activity is seen as
anew therapeutic application.?s The downregulated TAF'15
has been identified as an inhibitor of cell proliferation and
caused apoptosis.?6 The overexpression of leptin (LEP)
induced cell proliferation in hepatocellular liver cancer
(HepG2) cells.?” The overexpression of PCBP2 leads to

(a)

Figure 4. Confocal microscopy and TEM visualizations of A549 cells using Annexin FITC and acridine orange dyes: (a) untreated
cells (40% and 8200%); (b) treated cells with IC;, dose of cisplatin for 72h (40% and 4200%); and (c) treated cells with ICs, dose of
silver nitrate for 72h (40x and 16,500%). The arrows show apoptotic bodies.



Tumor Biology

(a)
cisplatin !
|
i
E
|
i
]
:
|
(c) Control Cisplatin

f
|
B
H
g
a
=
=
-]
|
2
:
=
g
:
|
:

(b

(d

S

silver nitrate control

I

GPBFY

sTTIE

Temt

2
-

e

l Loces41e4

MIR1ET4.

RPLFO

HIF1A

S

Silver nitrate Control

el
SHORDIA

Figure 5. The expression profiling displayed by whole genome microarray analysis (red: downregulated, green: upregulated): (a-b)
the upregulated genes treated with cisplatin and silver nitrate compared to control cells; (c—d) the downregulated genes treated
with cisplatin and silver nitrate compared to control cells. Technical replicate analysis was performed. Raw microarray data have

been converted to electronic data by GenomeStudio program.

Table 6. The statistics of upregulated and downregulated
genes were analyzed by microarray assay.

Genes Cisplatin Silver nitrate
Upregulated 280 12
Downregulated 364 56

production of oncogenic protein in human gastric cancer.?
PCBP2 has been downregulated in glioma cell lines
(T98G, U8TMG, A172, U251, and CCF-STG1) and has
been shown as a target in the treatment of cancer.?®
However, upregulation of BAX, EI24, PEAIS5, CYFIP2,
DKKI1, TFPI2, ABCAl, FEZI, CLDNI, IGFBP7,
TP53INP1, FAS, TNFRSF10B, TP5313, CDKNI4, and
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Table 7. Apoptosis-related genes regulated by cisplatin and
silver nitrate in A549 cells.

Gene symbols

Cisplatin Silver nitrate
Upregulated Downregulated Downregulated
BAX CCNBI CCNY

EI24 FGFR3 HNRNPL
PEAIS CDCA5 ASFIB
CYFIP2 CCNB2 PIAS4

DKK1 ASFIB HNRNPH |
TFPI2 EIF2C2 EIF2C2
ABCAI FOXCI TAFI5

FEZ] ANG FoXcl
CLDNI ANG LEP

IGFBP7 NUCKS! PCB2
TP53INPI

FAS

TNFRSF10B

TP53I13

CDKNIA

TNFSF14

TNFSF14 genes and downregulation of CCNBI, FGFR3,
CDCAS, CCNB2, ASFIB, EIF2C2, FOXCI, ANG, and
NUCKS1 genes caused by cisplatin indicated apoptotic
signaling pathways. ASFI, EIF2C2, and FOXCI genes
were downregulated by both silver nitrate and cisplatin.
This indicates that silver nitrate may affect same genes tar-
geted by cisplatin as well. According to immunocyto-
chemical and microarray results, silver nitrate has no
effects on Bcl-2 and Bax expression levels. Furthermore,
according to caspase-3 analysis result, silver nitrate had no
effect on caspase-3 activity. The absence of caspase-3
activity was also confirmed by whole genome expression
microarray analysis. This suggests that apoptosis may be
affected by a caspase-independent pathway (apoptosis
inducing factor (AIF) and cadherins, etc). This result may
be a subject for future research.

In conclusion, we studied gene analyses and apoptotic
effects of silver nitrate in A549 cells. Our findings revealed
that the proportion of apoptotic cells was increased by the
administering A549 cells with silver nitrate. These results
indicate that silver nitrate may be a pharmaceutical inhibi-
tor against lung cancers.
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