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Abstract

Background: Cytotoxic, antiproliferative, cell cycle inhibi-
tive, oxidative and apoptotic effects of cetuximab [anti-
body for epidermal growth factor receptor (EGFR)] alone
and together with stabilized silver ion solution (St-Ag) on
P-H1299, R-H1299, A-431 and A-549 cells were investigated.
Materials and methods: Cytotoxic effects of cetuximab alone
and together with St-Ag on cells were determined by Cell
Titer-Blue® Cell Viability and Lactate Dehydrogenase Activ-
ity tests. Cell cycle distributions and apoptosis were detected
by reverse transcription polymerase chain reaction (RT-PCR).
Results: St-Ag enhanced cetuximab cytotoxic effect on all
cells. LDH activity, as a result of cell death, was found the
highest level at treatment of cetuximab with St-Ag in all
cells. Both treatment increased caspase-3/7 activity which
is apoptotic enzyme was found higher in A-549 cells than
other cells. Also, treatment of cetuximab with St-Ag caused
increasing Bax/Bcl-2 ratio in all cells. Cetuximab with St-Ag
treatment increased glutathione peroxidase activity in all

*Corresponding author: Ayse Erdogan, Alanya Alaaddin Keykubat
University, Faculty of Engineering, Genetic and Bioengineering
Department, Alanya, Antalya, Turkey, e-mail: ayse.erdogan@alanya.
edu.tr. https://orcid.org/0000-0001-7616-7673

Aysun Ozkan: Akdeniz University, Science Faculty, Biology
Department, Antalya, Turkey, e-mail: aozkan@akdeniz.edu.tr
Odul Ozkan: Baskent University, Faculty of Medicine, Ankara,
Turkey, e-mail: odul.ozkan@aol.com

Esra Manguoglu: Akdeniz University, Medicine Faculty, Medical
Biology and Genetics Department, Antalya, Turkey,

e-mail: emanguoglu@akdeniz.edu.tr

Nadir Kiraz: Akdeniz University, Science Faculty, Chemistry
Department, Antalya, Turkey, e-mail: nadirkiraz@akdeniz.edu.tr

cells generating oxidative stress. Proliferating Cell Nuclear
Antigen (PCNA), topoisomerase II-alpha (except R-H1299),
cyclin D1 and D2 genes expression were decreased in all
cells which explain the cell cycle inhibition effect.
Conclusion: These findings suggest that treatment of
cetuximab combined with St-Ag exhibit more carcinogen-
esis reducing potential than cetuximab alone.

Keywords: Cetuximab; stabilized silver solution; apopto-
sis; lung cancer; combined treatment.
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Amag: Cetuximab’in (epidermal biiyiime fakt6rii reseptorii
antikoru) tek basina ve stabilize glimiis iyon c¢ozeltisiyle
(St-Ag) birlikte sitotoksik, antiproliferatif, hiicre dongiisii
engelleyici, oksidatif ve apoptotik etkileri P-H1299,
R-H1299, A-431 ve A-549 hiicrelerinde incelenmistir.

Gere¢ ve Yontem: Cetuximab’in tek basina ve St-Ag ile
birlikte hiicreler iizerindeki sitotoksik etkileri Cell Titer-
Blue® Hiicre Canlilik testi ve Laktat dehidrogenaz aktivite
testleri ile belirlenmistir. Hiicre dongiisii dagilimlan ve
apoptoz ters transkriptaz polimeraz zincir reaksiyonu (Rt-
PCR) ile belirlenmistir.

Bulgular: St-Ag, cetuximab’in sitotoksik etkisini tiim
hiicrelerde arttirmistir. Her iki uygulamanin apoptotik
enzim olan kaspaz3/7 aktivitesini A-549 hiicrelerinde
diger hiicrelere gore daha fazla arttirdig1 bulunmustur.
Ayrica, cetuximab’in St-Ag ile birlikte uygulanmasi tiim
hiicrelerde Bax/Bcl-2 oraninin artmasina neden olmustur.
Cetuximab’in St-Ag ile birlikte uygulanmasi tiim hiicre-
lerde oksidatif stres yaratarak glutatyon peroksidaz akti-
vitesini arttirmistir. Hiicre dongiisii inhibisyon etkisini
aciklayan Prolifere Hiicre Niikleer Antijeni (PCNA), topoi-
zomeraz II-alfa (R-H1299 haric), siklin D1 ve D2 genlerinin
ekspresyonu tiim hiicrelerde azalmistir.
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Sonug: Bu bulgular, cetuximab’in St-Ag ile birlikte uygu-
lanmasinin, tek basina cetuximab uygulamasindan daha
fazla karsinogenezisi azaltma potansiyelinin oldugunu
gbstermektedir.

Anahtar Kelimeler: Cetuximab; stabilize glimiis ¢ozeltisi;
apoptoz; akciger kanseri; kombine tedavi.

Introduction

Non-small cell lung cancer (NSCLC) remains one of the
most fatal cancer related malignancies. NSCLC cells have
drug resistance mechanisms, which are the biggest obsta-
cles before pulmonary cancer treatment, and contribut-
ing to success achieved in cancer treatment [1, 2]. This
acquired resistance to anti-cancer drugs necessitated the
search for different treatment modalities. Over expression
of epidermal growth factor receptor (EGFR) on cancer cells
and its role in metastasis, malignancy and drug resist-
ance in many human cancers lead to its selection as a
promising target for cancer treatment [3, 4]. Recently, the
oncology studies has focused to targeted therapy. Several
studies have investigated the effectiveness of EGFR inhibi-
tors for therapy [5, 6]. Among these inhibitors, one of the
most important monoclonal antibody against EGFR which
is overexpressed in NSCLC cells is cetuximab. Antitumor
effects of cetuximab have been reported in various studies
[7-9]. EGFR is expressed in most NSCLC [10-13]. The anti-
cancer effect of cetuximab in NSCLC has yet to be estab-
lished [14]. On the other hand, most of the targeted drugs
had anti-cancer effect at high concentration with serious
adverse effects [15]. Combine therapy can cause increase
of anti-cancer effect of cetuximab with low concentration.

In the recent years, one of the most important goals
for cancer therapy has become discovery of new com-
pounds with antitumor activity. An interesting group
of silver complexes agents used in cancer therapy com-
prises molecules that interact with DNA after passed cell
membrane [16]. The research in this area has revealed a
range of DNA recognizing molecules that act as antitumor
agents, including oxidizing agents and intercalator com-
pounds. Ag(I) mixed ligand complexes showed excellent
anti-cancer activity against Ehrlich’s ascites tumor cells
(EACs) [17]. Silver and hydrogen peroxide acted synergisti-
cally on the viability of E. coli. It appears that the com-
bined toxic effect of silver and hydrogen peroxide may be
related with damage to cellular proteins [16, 18]. In one
study silver ion-doped transparent thin films synthesized
successfully using the sol-gel method. One percent silver-
doped coated thin films were found to have an efficient

Aysun Ozkan et al.: Stabilized silver ion solution increases the anti-cancer effect of cetuximab = 427

antibacterial activity against the both gram-positive
(S. aureus) and gram-negative (E. coli) colonies [19]. So,
the stabilized-silver (St-Ag) solution we use in our work
can cause DNA and membrane damages by oxidation
and display cytotoxic effect on cancer cells. The St-Ag can
enhance the anti-cancer activity of cetuximab in NSCLC
cells.

In this present work, we explored the cytotoxic, anti-
proliferative, inhibition of cell cycle progression, oxidative
stress generation and apoptotic effects and effect mecha-
nisms of cetuximab, which is a monoclonal antibody tar-
geted to EGFR alone and combined with St-Ag treatments
on P-H1299, R-H1299, A-431 and A-549 cells. These cells
are EGFR-positive lung cancer cells which have different
levels of EGFR expressions.

Materials and methods

Cell culture

The EGFR-positive lung cancer cell lines A-549 (NSCLC),
H1299 (NSCLC) and A-431 (human epithelial car-
cinoma) were purchased from the American Type
Culture Collection (ATCC). All cells were maintained
in RPMI1640 media contained 10% fetal bovine serum
(FBS) and 100 units/mL of Pen-Strep.

Epirubicin was purchased from Calbiochem and dis-
solved in water under sterile condition. The epirubicin-
resistant H1299 tumor cells (R-H1299) were derived from
the parental cell line (P-H1299) by stepwise selection in
increasing concentrations of epirubicin until the cells were
capable of propagating 220 ng/mL drugs, as described
previously [2]. Typically, the resistant cells were grown
in medium lacking epirubicin as minimum four passages
before they were used in experiment. A-549 has functional
p53 and EGFR copy number as 3.4, H1299 has null p53 and
EGFR copy number as 3.5 and A-431 cell line has mutant
p53 and was used as positive control for expressing EGFR
in high amounts. In this study, we would like to evaluate
the cellular responses given by cells with different EGFR
expression levels to cetuximab alone and with silver ion
solution (St-Ag) treatments.

Preparation of stabilized-silver ion solution
The stabilization of silver ion solution (St-Ag) had been

optimized previously [19]. For prepare the St-Ag, silver
nitrate (AgNO,) was dissolved in an isopropyl alcohol:ethyl
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alcohol:acetone mixture (1140 mL:340 mL:70 mL by
volume) to yield a final concentration of 0.65 M followed
by dropwise addition of N-(2-aminoethyl)-3-aminopropyl-
trimethoxysilane (DIAMO, 97% Aldrich). The molar ratio
of AgNO, to DIAMO was 1:5. This mixture was stirred for
2 h at room temperature.

Cell viability assays

The cells (10* cells/well) were plated in a 96 well plate. The
next day the cells were treated with different concentra-
tions of cetuximab (Erbutix-MerckSerono) (5-7000 ug/mL)
and St-Ag (1.63 mM-84.5 mM) for 72 h (h). The cytotoxic-
ity of cetuximab and St-Ag on cancer cells was determined
by the Cell Titer-Blue® Cell Viability Assay (Promega).
The Cell Titer-Blue® Cell Viability Assay is based on the
ability of living cells to convert a redox dye (resazurin)
into a fluorescent end product (resorufin). Nonviable cells
rapidly lose metabolic capacity and thus do not generate
a fluorescent signal [20]. Following cellular reduction,
fluorescence was recorded at 560 nm (excitation) and
590 nm (emission) spectrofluorometrically. The data were
expressed as average values obtained from three wells for
each concentration. The IC, | concentration for cetuximab
treatment and IC,, IC , IC,, IC, and IC, (<IC ) concen-
trations for St-Ag were calculated. In this study, we also
wanted to investigate whether St-Ag concentrations lower
than IC,  increased the cytotoxic effect of cetuximab (ICSO).
Therefore, each cell line treated with cetuximab (IC )
combined with each of St-Ag concentrations (ICS, IC,, IC,,
IC,, and IC40). As a result of this treatment, which combi-
nation concentration have the highest cytotoxic effect for
each cell line was calculated. For the calculation of these
values, Microsoft Excel software was used. The control
group was used as a 100% viability value.

Lactate dehydrogenase (LDH) assay

LDH activity were determined after the cells were exposed
to cetuximab alone (IC_ ), St-Ag alone (St-Ag concentration
in which showed the most effective cytotoxic effect when
co-administration of cetuximab and St-Ag in each cell
line) and combination of cetuximab and St-Ag concentra-
tions showing the most effective cytotoxic effects in each
cell line for 72 h. Cell supernatant was collected and LDH
activity in the medium was measured using LDH Activ-
ity Assay Kit (MAKO066, Sigma-Aldrich) according to the
manufacturer’s instruction. In this kit, LDH reduces NAD
to NADH, which is specifically detected by colorimetric
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(450 nm) assay. LDH activity measurements were made
as three replicates. LDH activity was calculated using the
following formula provided by the instructions [21, 22].
The results are given in mU/mL. One unit of LDH activ-
ity is defined as the amount of enzyme that catalyzes the
conversion of lactate into pyruvate to generate 1.0 umol of
NADH per minute at 37°C.

LDH Activity = The amount of NADH that occurs between
the first and last measurement (nmol)
x Sample Dilution Factor/Reaction Time
x Sample volume (mL).

Glutathione peroxidase (GPx) activity

Glutathione peroxidase (GPx) activity were determined
after the cells were exposed to cetuximab alone (IC,),
St-Ag alone (St-Ag concentration in which showed the
most effective cytotoxic effect when co-administration
of cetuximab and St-Ag in each cell line) and combina-
tion of cetuximab and St-Ag concentrations showing the
most effective cytotoxic effects in each cell line for 72 h.
Cells were scraped off culture plates with culture medium
and were centrifuged 600 x g for 10 min. The cell pellets
were washed with phosphate buffered saline and then
sonicated (315 s) in 50 mM potassium phosphate, pH 7.2,
containing 1 mM fluoride and 1 pg/mL of leupeptin and
centrifuged at 150,000 x g for 45 min. The supernatant was
used for the determination of GPx activity. GPx was deter-
mined according to Flohe and Gunzler [23] with tert-butyl
hydroperoxidase as substrate. One unit of enzyme activ-
ity results in the oxidation of 1 umol GSH/min. GPx activ-
ity measurements were made as three replicates. Protein
was determined by the Bradford method [24] with bovine
serum as a standard.

Caspase-3/7 activity

Caspase-3/7 activity were investigated after by applying
cetuximab alone (IC, ), St-Ag alone (St-Ag concentration in
which showed the most effective cytotoxic effect when co-
administration of cetuximab and St-Ag in each cell line)
and combination of cetuximab and St-Ag concentrations
showing the most effective cytotoxic effects in each cell
line for 72 h. Caspase-3/7 activity were determined using
the fluorometric ApoTox-Glo™ Triplex Assay kit (Promega)
[25]. After adding100 uL of caspase-Glo 3/7 to all wells, the
samples were briefly mixed by orbital shaking (500 rpm
for 30 s). After incubating for 1 h at room temperature,
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luminescence was measured using a microplate reader to
assess apoptosis. Caspase-3/7 activity measurements were
made as three replicates. Caspase-3/7 activity was meas-
ured in relative light unit (RLU).

RNA extraction and study of gene expression

The cells were incubated in presence of either cetuximab
alone (IC,)) and combined with St-Ag (the most effec-
tive combination of concentrations showing cytotoxic
effects). RNA expression were investigated after by apply-
ing cetuximab alone (IC, ) and combination of cetuximab
and St-Ag concentrations showing the most effective cyto-
toxic effects in each cell line. Gene expression studies
were made as three trials. Total RNA were isolated from
the cells by using RN easy mini kit (Qiagen) following the
manufacturer’s instructions after 72 h incubation. cDNA
was synthesized from 1 mg of total RNA using Titan One
Tube RT-PCR System kit (Roche Applied Science) follow-
ing the manufacturer’s instructions.

To analyze RNA expression by reverse transcription-
PCR (RT-PCR), 1 mg of total RNA from each sample was
used for RT-PCR with Tag DNA polymerase. The primers
for the gene-specific RT-PCR analysis were as follows:
PCNA primer 1, CGCGCAGAGGGTTGGTAGTT and 2,
AAGCCTTCGGAGCGCAGAGT [26], Bcl-2 primer 1, TGCAC-
CTGACGCCCTTCAC and 2, AGACAGCCAGGAGAAATCAAA-
CAG [26], Bax primer 1, ACCAAGAAGCTGAGCGAGT GTC
and 2, ACAAAGATGGTCACGGTCTGCC [26], GAPDH primer
1, TTCATTGACCTC AACTACAT and 2, GAGGGGCCATC-
CACAGTCTT [26], Cyclin D1 primer 1, CCG TCC ATG CGG
AAG ATC and 2, ATG GCC AGC GGG AAG AC [27], Cyclin
D2 primer 1, TAC TTC AAG TGC GTG CAG AAG GAC and 2,
TCCCACACTTCCAGTTGCGATCAT [28], Topoisomerase II-o
primer 1, CAG ATC ATG GAA AATGCTGA and 2, GCAGCAT-
CATCTTCAGGACC [29]. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as a references.

The following experimental protocol for RT-PCR
reaction (30 cycles was used: denaturation: 1 min; 94°C;
annealing: 1 min, at 55°C (GAPDH and Bax), 58°C (Cyclin
D1) and 59°C (PCNA), respectively; elongation: 2 min, 72°C,
final elongation: 72°C, 90 s. Touchdown PCR was used for
Bcl-2 gene. It was first kept at 73°C and lowered to 63°C by
reducing 1°C in each cycle (10 cycles). After 63°C, the PCR
was completed by making 25 cycles. PCR products were
analyzed by electrophoresis on 2.5% agarose in TBE (Tris
40 mM, EDTA 1 mM, boric acid 44 mM) containing 1 ug/mL
ethidium bromide for 30 min at 120 V (constant voltage)
with 100 bp ladder as molecular weight markers. Adobe
Photoshop CS4 programmed was used for band density
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analyzing. The density of the PCR bands were divided by
that of the housekeeping gene and expressed as percent of
the control band density.

Data analysis

The results of the replicates were pooled and expressed
as mean *+standard deviation (SD). Analysis of variance
(ANOVA) was carried out. The two-way ANOVA was used
to determine whether there are any significant differences
between groups on variables in cell viability assays (cyto-
toxicity of cetuximab alone, St-Ag alone and combination
of cetuximab and St-Ag). The three-way ANOVA was used
to determine whether there are any significant differences
between groups on variables in LDH activity, GPx activity
and caspase 3/7 activity. Dunnett (used for all experiments
except investigation of cytotoxic effect of combination of
cetuximab and St-Ag) and Duncan (used for the experi-
ment as investigation of cytotoxic effect of combination
of cetuximab and St-Ag) multiple comparisons tests were
used. Statistical differences were considered significant
at p<0.05. Statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) [30].

Results

Effect of cetuximab combined with St-Ag on
the viability of lung cancer cells

In this study, cytotoxic effects of cetuximab alone and
combined with St-Ag on P-H1299, R-H1299 and A-549 lung
cancer cells having different level of EGFR expression and
A-431 human epithelial carcinoma cells (positive control
for EGFR) cells were investigated. As shown in Figures 1
and 2, the viability of the cells was decreased treating
with cetuximab and St-Ag. Statistically significant differ-
ence (p < 0.05) was observed for cytotoxic effects of cetuxi-
mab and St-Ag between the cell lines. Hundred and eighty
samples were used in both cetuximab alone and St-Ag
alone treated groups. The effect of each of cell line differ-
ences and concentrations alone on both cetuximab and
St-Ag cytotoxicity was found to be statistically significant
(p<0.05). Also, the effect of cell line differences and con-
centrations together on both cetuximab and St-Ag cyto-
toxicity was found to be statistically significant (p <0.05).
The cytotoxic effect observed after all cetuximab con-
centrations applied in all cell lines was statistically dif-
ferent from the control groups (treated with only the
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Figure 1: The cytotoxic effects of cetuximab (5-7000 pg/mL) for
72 h on parental H1299 (P-H1299), drug-resistant H1299 (R-H1299),
A-549, and A-431 cells as measured by Cell Titer-Blue cell viability
assay.

Results are presented as viability ratio compared with the control
group (treated with only the medium-untreated cells). Values

are expressed as the mean of three separate trials with three
replications + standard deviation (SD) (ANOVA with Dunnett test,
p<0.05).
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Figure 2: The cytotoxic effects of St-Ag solution (1.63-84.5 mM) for
72 h on parental H1299 (P-H1299), drug-resistant H1299 (R-H1299),
A-549, and A-431 cells as measured by Cell Titer-Blue cell viability
assay.

Results are presented as viability ratio compared with the control
group (treated with only the medium-untreated cells). Values

are expressed as the mean of three separate trials with three
replications + standard deviation (SD) (ANOVA with Dunnett test,
p<0.05).

medium-untreated cells) (p <0.05). The cytotoxic effect of
cetuximab alone and St-Ag alone in R-H1299 was statisti-
cally different from the cytotoxic effect of cetuximab alone
and St-Ag alone in other cell lines (p < 0.05) and A-431 sta-
tistically were found to be the most different (p<0.05).
Cetuximab and St-Ag decreased cancer cell viability at
higher concentration. While IC, values of cetuximab were
calculated 3300, 2000, 1800 and 1000 pug/mL (Figure 1) for
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R-H1299, A-549, P-H1299 and A-431, St-Ag IC, values were
found 18.53 mM, 16.25 mM, 13 mM and 11.38 mM for A-549,
R-H1299, P-H1299 and A-431 cells, respectively (Figure 2).
Thetested sensitivity of cellsagainst cetuximab cytotoxicity
were found to follow the order of A-431>P-H1299>
A-549>R-H1299 and against St-Ag cytotoxicity were found
A-431>P-H1299 > R-H1299 > A-549.

The cells were treated with cetuximab alone and
combined with each of St-Ag concentrations for 72 h. The
highest cytotoxic effect of cetuximab (IC,) combined
with each St-Ag concentration (IC40 IC,, IC,, IC, ICS) were
found IC, +IC,, for P-H1299 (IC, >IC, >IC >IC,=IC,),
IC,,+IC,, for R-H1299 cells (IC >IC, >IC, >IC, >IC),
IC,,+IC,, for A-549 cells (IC >IC, >IC,>IC, >IC,) and
IC,,+IC,, for A-431 (IC,>IC, >IC, >IC, >IC,) (Figure 3).
Sixty samples were used. The effect of each of cell line
differences and combination concentrations on cytotox-
icity was found to be statistically significant (p <0.05).
Also, the effect of cell line differences and combination
concentrations together on cytotoxicity was found to be
statistically significant (p<0.05). The cytotoxic effect
observed in each cell line was statistically different from
each other (p <0.05). Also, the cytotoxic effects of all com-
bination concentrations applied were statistically differ-
ent from each other in each cell line (p<0.05). As a result
that, cetuximab combined with St-Ag treatment enhanced
cytotoxic effect in P-H1299, R-H1299, A-431 and A-549 cells
compared to cetuximab alone treatment.

Effect of cetuximab combined with St-Ag
on lactate dehydrogenase activity in lung
cancer cells

Lactate dehydrogenase (LDH) is a cytoplasmic enzyme
released as a result of the disruption of the cell membrane
integrity, it has been widely used to evaluate the presence
of damage and toxicity of cells. To test the effect of cetuxi-
mab alone and combined with St-Ag on cellular perme-
ability, release of LDH from the cells into the medium was
measured, as an indicator of early cell apoptosis [21]. The
result is shown in Table 1. Incubation with either cetuxi-
mab or cetuximab together with St-Ag for 72 h caused a
significant increase (p<0.05) in LDH release by 3.3 fold
and 5.1 fold for P-H1299 cells, 1.5 fold and 4.2 fold for
R-H1299 cells, 6 fold and 12.3 fold for A-431 cells and 2.7
fold and 5.6 fold for A-549 cells, respectively compare to
control. At the same time, statistical analysis showed an
extremely significant difference (p <0.05) in LDH activity
in the culture medium between the cetuximab and cetuxi-
mab combined with St-Ag treatment groups (Table 1). The
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Figure 3: Combined cytotoxic effects of cetuximab and St-Ag (IC,, IC
resistant H1299 (R-H1299), A-549, and A-431 cells.

Results are presented as viability ratio compared with the control group (treated with only the medium-untreated cells). Values are
expressed as the mean of three separate trials with three replications + standard deviation (SD). Bars with the same letter indicate no
significant difference (ANOVA with Duncan test, p <0.05). Different letters represent significant differences among treatments (p <0.05).

IC,,) solution for 72 h on parental H1299 (P-H1299), drug-

Table 1: Effect of cetuximab alone and combine with St-Ag on lactate dehydrogenase activity, caspase-3/7 activity and glutathione
peroxidase activity in P-H1299, R-H1299, A549 and A431 cells.

Concentrations LDH activity Caspase-3/7 activity GPx activity

(mU/mL) (RLU?10%) (U/mg protein)

X+SD X+SD X+SD

Cetuximab (IC, ), P-H1299* 619.4+0.66 2.2+0.77 9.3+1.23 (increased by 15% compared to control)
St-Ag (IC, ), P-H1299>° 231.3+0.44 1.7+0.55 3.2+0.90 (decreased by 60% compared to control)
Cetuximab + St-Ag, P-H1299> 956.6+0.33 3+0.55 10.2+0.70 (increased by 26% compared to control)
Control, P-H1299 186.5+0.22 1+0.33 8.071+1.43
Cetuximab (IC, ), R-H1299* 137.3+£0.26 2.0+0.37 9.4+1.36 (increased by 9% compared to control)
St-Ag (IC, ), R-H1299>* 132.2+0.48 1.2+0.44 9.5+1.10 (increased by 10% compared to control)
Cetuximab + St-Ag, R-H1299> 500+0.55 3+0.51 11.2+0.86 (increased by 30% compared to control)
Control, R-H1299 119+0.70 1+0.22 8.6+1.19
Cetuximab (IC), A-4312° 830+0.70 2+0.44 9.1+0.95 (increased by 28% compared to control)
St-Ag (IC, ), A-4317> 154+0.48 1.3£0.33 7.910.66 (increased by 11% compared to control)
Cetuximab + St-Ag, A-4312° 1700+0.95 3+0.42 10.13+0.59 (increased by 42% compared to control)
Control, A-431 138.41+0.46 1+0.26 7.1+1.32
Cetuximab (IC, ), A-549° 626.7+0.60 2+0.46 8.3+1.25 (increased by 15% compared to control)
St-Ag (IC, ), A-549° 255.6+0.48 1.3+0.33 8+0.73 (increased by 11% compared to control)
Cetuximab + St-Ag, A-549°2 1300+0.68 5+0.59 9.1+1.08 (increased by 26% compared to control)
Control, A-549 230x0.55 1+0.22 7.2+1.17

A difference was considered significant at p<0.05 (three-way ANOVA with Dunnett test). All activity were investigated after by applying
cetuximab alone (IC, ), St-Ag alone (St-Ag concentration in which showed the most effective cytotoxic effect when co-administration

of cetuximab and St-Ag in each cell line) and combination of cetuximab and St-Ag concentrations showing the most effective cytotoxic
effects in each cell line for 72 h. One hundred and forty four samples were used. Data are expressed as mean + standard deviation (SD).
aSignificantly different from control (p <0.05). *Significantly different from LDH, GPx and caspase 3/7 activity in A-549 cells (p <0.05).

All activity measurements were made as three replicates. P-H1299, parental H1299 cells. R-H1299, resistant H1299 cells. LDH, lactate
dehydrogenase. GPx, glutathione peroxidase. X, each value is an average of three repetitions of LDH, caspase-3/7 and GPx activities. One
unit of LDH activity is defined as the amount of enzyme that catalyzes the conversion of lactate into pyruvate to generate 1.0 pmol of NADH
per minute at 37°C. RLU, relative light unit.
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LDH activity were found higher in cetuximab combined
with St-Ag treatment than cetuximab treatment alone for
all cell lines compare to control group. This indicated that
cetuximab combined with St-Ag treatment could result
in the more significant change in cell permeability than
cetuximab treatment alone.

Effect of cetuximab combined with St-Ag on
glutathione peroxidase activity

Glutathione peroxidase (GPx) is the general name of an
enzyme family with peroxidase activity whose main
biological role is to protect the organism from oxidative
damage. In this study, statistical analysis revealed signifi-
cantly (p < 0.05) higher activity of GPx by 15% and 26% for
P-H1299 and A-549 cells, 9% and 30% for R-H1299, 28%
and 42% for A-431 cell incubated with cetuximab alone
and cetuximab combined with St-Ag for 72 h, respectively
than control cells (Table 1).

Thus, these data suggest that cetuximab and cetuxi-
mab combined with St-Ag induced oxidative stress pro-
ducing reactive oxygen species in the cells. Also, this
results indicated that oxidative effect of cetuximab were
enhanced in EGRF positive cells by treatment of cetuxi-
mab combined with St-Ag.

Cetuximab combined with St-Ag induces
caspase-3/7 mediated apoptosis in lung
cancer cells

Caspase 3/7 activity is one of the key enzymes of apoptotic
pathway. Therefore, the activation of caspase-3 is consid-
ered a reliable marker for cells undergoing apoptosis [31].
To examine the apoptotic effect of cetuximab and cetuxi-
mab combined with St-Ag, we measured the biolumines-
cent intensities of caspase-3/7 activities of cetuximab and
cetuximab combined with St-Ag treated cells at 72 h. As
shown in the Table 1 significant increase in caspase-3/7
activity were detected after 72 h of cetuximab and cetuxi-
mab together with St-Ag treatment. Incubation with either
cetuximab alone or cetuximab combined with St-Ag for
72 h caused a significant increase (p < 0.05) in caspase 3/7
activity by 2 fold and 3 fold for P-H1299, R-H1299 and A-431
cells, 2 fold and 5 fold for A-549 cells, respectively compare
to control. At the same time, statistical analysis showed
an extremely significant difference (p<0.05) in caspase
3/7 activity in in the cells between the cetuximab alone
and cetuximab combined with St-Ag treatment groups
(Table 1).
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The effect of each of cell line differences and cetuxi-
mab alone and cetuximab combined with St-Ag treat-
ments on LDH, GPx and caspase 3/7 activity was found
to be statistically significant (p<0.05). One hundred and
forty four samples were used. The effect of cell line differ-
ences and cetuximab alone and cetuximab combined with
St-Ag treatments together on LDH, GPx and caspase 3/7
activity was found to be statistically significant (p < 0.05).
Also, interactions of together with cell line differences,
cetuximab alone and cetuximab combined with St-Ag
treatments and enzyme type have been found to be sta-
tistically significant (p <0.05). The LDH, GPx and caspase
3/7 activity observed after all treatments (only cetuximab,
only St-Ag and combination concentrations) was statisti-
cally different from the control groups (treated with only
the medium-untreated cells) in all cell lines (p < 0.05). The
LDH, GPx and caspase 3/7 activity of all treatments (only
cetuximab, only St-Ag and combination concentrations)
in P-H1299, R-H1299 and A-431 was statistically different
from the LDH, GPx and caspase 3/7 activity of all treat-
ments (only cetuximab, only St-Ag and combination con-
centrations) in A-549 (p <0.05).

Effect of cetuximab alone and combined with
St-Ag on PCNA, topoisomerase ll-alpha,
cyclin D1, cyclin D2, Bax and Bcl-2 mRNA
expression

Proliferating cell nuclear antigen (PCNA) is a DNA clamp
that acts as a processivity factor for DNA polymerase 6 in
eukaryotic cells and is essential for replication [32]. The
changes in PCNA mRNA expression were investigated to
show the antiproliferative effect of cetuximab alone and
the combination treatment (cetuximab + St-Ag) in the cells.
In all cells (except R-H1299) the combined treatment was
found to be more effective in reducing PCNA expression
compared to cetuximab alone treatment. When cetuxi-
mab was applied alone, the greatest reduction in PCNA
expression was seen in R-H1299 cells, decreased by 31.5%
compared to the control, while the greatest reduction in
combined treatment was seen in P-H1299 cells, decreased
by 23.6% compared to the control. The maximum reduc-
tion in PCNA expression among all treatments was seen in
P-H1299 cells in combination treatment (Figure 4).
Topoisomerase II-alpha controls and alters the topo-
logic states of DNA during transcription. The highest
reduction in topoisomerase II-alpha mRNA expression in
both cetuximab alone and combined treatments was seen
in A-431 cells. Cetuximab treatment alone caused 44.7%
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Figure 4: Effect of cetuximab alone and combine with St-Ag on PCNA, topoisomerase ll-alpha, cyclin D1, cyclin D2, Bax and Bcl-2 mRNA

expression.

The intensities of the bands were quantized by densitometric scanning of agarose gel bands and expressed as percent of mRNA expression
respect to the control. Results are from three independent trials. Significantly different from controls *p <0.05.

decrease compared to the control in topoisomerase II-
alpha expression in A-431 cells, while the combined treat-
ment caused a reduction of 65.7% compared to control
(Figure 4).

Cyclin D1 and D2 are important regulators of cell cycle
progression as a transcriptional co-regulator. We assessed
the effect of cetuximab alone and combined treatments
on cell cycle by determining the changes in mRNA expres-
sion of the cyclin D1 and cyclin D2. When cetuximab was
applied alone, the greatest reduction in cyclin D1 expres-
sion was seen in A-549 cells, decreased by 39.1% compared
to the control, while the greatest reduction in combined
treatment was seen in R-H1299 cells, decreased by 49.8%
compared to the control. The greatest reduction in cyclin
D2 expression in both cetuximab alone and combined
treatments was observed in A-549 cells. When cetuxi-
mab was applied alone cyclin D2 expression decreased
39.1% compared to the control, while combined treatment
caused 49.8% decrease compared to the control in A431
cells. The combined treatment was found to be more effec-
tive in reducing both cyclin D1 and cyclin D2 expressions
compared to cetuximab alone treatment (Figure 4).

We evaluated changes in Bax/Bcl-2 ratio to determine
the effect of cetuximab alone and the combined treat-
ments on apoptosis. When cetuximab was applied alone,
the greatest increase in Bax mRNA expression was seen in
R-H1299 cells, increased by 45% compared to the control,

while the greatest increase in combined treatment was
seen in P-H1299 cells, increased by 46% compared to the
control. When cetuximab was applied alone, the great-
est reduction in Bcl-2 expression was seen in P-1299 cells,
decreased by 30% compared to the control, while the
greatest reduction in combined treatment was seen in
A-549 cells, decreased by 42% compared to the control
(Figure 4).

Discussion

Lung cancer is of one the most leading causes of can-
cer-associated mortality across the world with nearly
1.4 million deaths per year. Also, 1.6 million new cases of
lung cancer are diagnosed each year [33]. NSCLC patho-
logical types is responsible for approximately 85% of all
diagnosed cases of the disease [34-36]. Conventional
chemotherapy has proven efficacy in preventing tumor
recurrence and prolonging patients overall survival.
However, the lack of tumor-specific delivery of chemo-
therapeutic agents results in limited efficiency, increased
toxicity, and severe side effects. Therefore, novel strate-
gies for the selective delivery of anti-cancer drugs to lung
malignant cells are highly desired.

One of the new treatment strategies developed
recently is the co-treatment of targeted chemotherapeutics
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with conventional chemotherapeutics. One of the most
important targets of targeted chemotherapeutics (anti-
bodies and small molecule inhibitors) in cancer treatment
is the EGFR, which is abnormally and continuously exag-
gerated in many cancer cells. Several studies have shown
that EGFR contributed to the aggressive growth properties
of tumors are frequently expressed in lung cancer [37].
A lot of work was done about serious side effects cetuxi-
mab alone application on patients. In these studies, it has
been shown that cetuximab inhibited the proliferation of
various human cancer cells such as breast, colon, lung,
kidney and prostate by inhibiting phosphorylation of
EGFR, AKT and mitogen-activated protein kinases (MAPK)
by inducing apoptosis [38-40].

Recently, promising results have been obtained in
cancer treatment by utilizing two or three anti-cancer
agents in combination [41, 42]. It is known that targeted
chemotherapeutic agents lead to various side effects, pri-
marily dermal allergy, when administered alone in high
concentrations. However, use of new cancer treatment
strategies may be devised by administering them com-
bined with anti-cancer agents that are not toxic to healthy
cells.

We chose to use St-Ag solution in combination with
cetuximab due to the fact that it has a low toxic effect on
human health and the environment, can be produced at
low costs, and it remains intact without any decomposi-
tion for a prolonged period of time [43]. These are reasons
which indicate that it may possibly make a positive contri-
bution to national economy.

On the other hand, drug resistance developed in cancer
patients leads to the prolongation of treatment and the use
of high-dose drugs, leading to increased side effects in
patients and making treatment more difficult [44]. There-
fore, we consider the need to develop new treatment strat-
egies that will kill parental cancer cells (P-H1299) as well
as resistant cancer cells (R-H1299), when dealing with
increasing therapeutic efficacy of existing drugs.

Our aim in this study is to shed light on treatment
strategies that will overcome the EGFR positive and drug
resistance cancer cells, and at the same time reduce cetux-
imab side effect in the treatment of lung cancer.

In one study, LDH test showed that cetuximab inhib-
ited the proliferation of eight head and neck squamous
carcinoma cells (PE/CA-PJ-15, PE/CA-PJ-34, PE/CA-PJ-41,
PE/CA-PJ-49, Cal-27, Kyse-140, CLS-354, UM-SCC-14C)
depending on time (24, 48, 72 h) and dose [7, 8]. Further-
more, cetuximab had antiproliferative effect on A-431,
PJ 15, PE/CA-PJ 41, Cal-27 and Kyse-140 cells and also
cetuximab combined with bortezomib caused more LDH
release than treatment of cetuximab alone [7-9]. But,
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another observation was that cetuximab suppressed
lactate dehydrogenase A (LDH-A) and inhibited glycoly-
sis in cetuximab sensitive head and neck squamous cell
carcinoma (HNSCC) [45]. The insulin-like growth factor
1 receptor (IGF-1 R) tyrosine kinase inhibitor (TKI)-NVP-
AEW541 combined with cetuximab was found to cause
an increase in LDH release in human colorectal adeno-
carcinoma cell lines (HT29 and HCT116) in comparison to
control cells [46].

In our study cetuximab and St-Ag decreased cancer
cell viability at higher concentrations. R-H1299 cells which
have drug resistance property and EGFR, were found more
resistant to cetuximab cytotoxicity with higher IC_ value
than other cells. A-431 cells which is positive control were
found more sensitive to cetuximab as we expected. On
the other hand, A431 cells were found more sensitive to
St-Ag cytotoxicity with lowest IC, value than other cells.
After, treatment of cetuximab (IC,) combined with dif-
ferent St-Ag concentrations (IC,, IC,, IC,, IC,, IC), we
calculated combined concentration which is enhanced
cytotoxicity for each cells. As a result that, treatment of
cetuximab combined with St-Ag enhanced cytotoxic effect
in P-H1299, R-H1299, A-431 and A-549 cells compare to
treatment of cetuximab alone. The lower St-Ag concentra-
tions may have shown better cytotoxic effects in cell lines
with cetuximab as those concentrations may have stimu-
lated the antioxidant mechanisms of cells more effec-
tively and also the St-Ag concentration, which showed the
most effective cytotoxic effect in combination, may have
changed as according the drug resistance properties of the
cells.

Besides the cell viability, the release of LDH is also
a vital index of cytotoxicity. LDH, a stable cytoplasmic
enzyme inside cells, is released into the culture medium
after the damage of cell membrane [47]. Changes in LDH
enzyme activity were measured after the each cell line was
exposed to IC_  cetuximab and IC_, cetuximab combined
with St-Ag concentration which is combination concentra-
tion showing the most potent cytotoxic effect for 72 h. It
was found that the LDH enzyme activity increased around
2 fold in P-H1299, R-H1299, A-431 and A-549 cells subjected
to combination concentrations compare to alone cetuxi-
mab treatment. Our LDH activity result supports cell via-
bility results.

The fact that cells feature differing levels of sensitivity
toward treatment methods may be attributable to the dif-
ferences in their natural antioxidant protection systems.
Antioxidant systems protect cells against oxidative
damage. It was shown that HepG2 cells (human hepatoma
cancer cell line) that have developed epirubicin-HCI resist-
ance causing oxidative stresses have higher glutathione
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peroxidase and glutathione-S-transferase (GST) enzyme
activities, GST-pi, p-glcoprotein and NADPH-cytochrome
P-450 reductase (3A4) expressions than parental cells [48].
It was shown that the activity of superoxide dismutase
(SOD) was 3 times, the activity of selenium-dependent
glutathione peroxidase (GPx) was 13 times, and the activ-
ity of glutathion-S-transferase was 12 times higher than
parental cells in epirubicin-HCl resistant MCF-7 cells
(human breast tumor cell line). Furthermore, the activity
of NADPH-cytochrome P-450 reductase, known to activate
epirubicin-HCl, was found to be 2-fold higher in resistant
cells [49]. In another study, it was shown that M38K meso-
thelioma cells were more resistant to epirubicin-HCI than
M14K cells, while at the same time Mn SOD and catalase
activities and mRNA levels were higher, glutathione per-
oxidase and glutathione reductase levels were not signifi-
cantly different [50]. Some of the research indicates that
the deposition of AgNOs in the liver induced cytotoxicity
through oxidative damage [51]. There are also researches
showing that Ag nanoparticles caused membrane damage
and reduced GSH levels by increasing oxidative stress in
two mammalian cell lines HeLa and HaCaT [52, 53].

In our study, treatments of cetuximab, either alone
or combined with St-Ag solution, were found to increase
GPx activity in the cell lines. Because, cetuximab and
cetuximab combined with St-Ag induced oxidative stress
producing reactive oxygen species in cells. The activities
of glutathione peroxidase in P-H1299, R-H1299, A-431 and
A-549 cells treated with cetuximab combined with St-Ag
were found to be at least 1.5 times greater than the activity
of glutathione peroxidase in cells treated with cetuximab
alone.

Caspase-3 is responsible for the breakdown of key cellu-
lar proteins, such as skeletal proteins, which cause typical
morphological changes observed in apoptotic cells. For this
reason, apoptosis is a critical player. Our results suggest
that cetuximab and cetuximab + St-Ag induced apoptosis in
the cell. Also, apoptotic effect of cetuximab were enhanced
by combined treatment cetuximab+St-Ag in EGRF posi-
tive cells. Many chemotherapeutic agents exhibit cytotoxic
effects by inducing apoptosis. Treatment of the combina-
tion of 5-fluorouracil (5-FU), leucovorin and oxaliplatin
(FOLFOX) with cetuximab to SW480 (colorectal cancer)
cells for 48 h increased caspase-3 proteolytic degradation
required for caspase-3 activation compared to controls
[54]. Epirubicin-HCI and mapatumumab, which is a DR4-
specific human agonist monoclonal antibody, combination
was shown to activate caspase-8, -9 and -3, which are down-
stream molecules of death receptors in human bladder
cancer cells (T24, KU7 and RT112) [41]. In another research,
it was displayed that human head and necks squamous cell
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carcinoma (UMSCC1) xenografts responded better to treat-
ment of cetuximab after gemsitabin in comparison to vice
versa, whereas there was no difference between the two
applications in terms of caspase-3 activity [42].

In our study, cetuximab alone and combined with
St-Ag treatments led to higher caspase-3 activity, thus
inducing more intense apoptotic effect. According to our
results, treatment of cetuximab combined with St-Ag in
cells enhanced apoptosis compare to treatment of cetuxi-
mab alone.

mRNA expressions of the proliferating cell nuclear
antigen (PCNA), which exhibits antiproliferative effect
and is one of the DNA polymerase components involved in
replication and mRNA expressions of cyclin D1 and cyclin
D2 genes which are active in the transition from the G1
phase to the S phase of the cell cycle and exhibit cell cycle
arresting effect were examined by RT-PCR. In one study,
sorafenib was shown to reduce PCNA expression syner-
gistically with EGFR inhibitors gefitinib and erlotinib in
Hep 3B cells, which are hepatoma cells [55]. In HSC3, an
oral squamous cell carcinoma cell line, cetuximab alone
was not shown to alter PCNA expression relative to control
cells, but co-administration with genistein (isoflavone
and a strong protein tyrosine kinase inhibitor) was shown
to reduce PCNA expression [56]. One particular research
explains that expression of c-myc, Bcl-2, Bcl-XL and cyclin
D1 genes are not changed in RAS-activated HNSCC cells
after treatment of cetuximab which shows that RAS-
activation in turn plays an important role in the resist-
ance of cetuximab [57]. In tumor tissue xenograft models
with primary colon carcinoma which have lymphatic and
hepatic metastasis, it was seen that PCNA expression was
significantly suppressed [58]. Another finding was that
the combination of bevacizumab, cetuximab and cispla-
tine treatment reduced Bcl-2 expression in mice with neck
squamous cell carcinoma [59].

After both treatments, our results revealed that, PCNA
mRNA expressions decreased in P-H1299, A549 and A431
cells compare to control cells. But when cetuximab was
applied alone, the greatest reduction in PCNA expression
was seen in R-H1299 cells. The highest reduction in topoi-
somerase II-alpha mRNA expression in both cetuximab
alone and combined treatments was seen in A-431 cells.
The combined treatment was found to be more effective
in reducing both cyclin D1 and cyclin D2 expressions com-
pared to cetuximab alone treatment in R-H1299, P-H1299,
A-549 and A-431 cells. The treatment of cetuximab with
St-Ag was found to be more effective in increasing Bax
mRNA expression, a pro-apoptotic gene, and decreas-
ing Bcl-2 mRNA expression, an anti-apoptotic gene, than
cetuximab alone treatment in cells. When cetuximab was
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applied alone, the greatest increase in Bax mRNA expres-
sion was seen in R-H1299 cells, while the greatest increase
in combined treatment was seen in P-H1299 cells compared
to the control. When cetuximab was applied alone, the
greatest reduction in Bcl-2 expression was seen in P-1299
cells, while the greatest reduction in combined treatment
was seen in A-549 cells compared to the control (Figure 4).
Both cetuximab alone and cetuximab combine treatment
resulted in an increase in Bax/Bcl-2 in cells. Increasing this
ratio in cells showed that both treatment induced apopto-
sis in R-H1299, P-H1299, A-549 and A-431 cells.

Our study has been the first one to examine and
observe the differences between responses of cells which
have different expression of EGFR levels and drug-resist-
ant cell to cetuximab alone and combined with St-Ag
treatments in comparison to control cells. The fact that
cetuximab was observed to increase the apoptotic effect
in some cells is coherent with other studies. Effect of com-
bined treatment on cancer cells changed depend of cells
properties such as EGFR expression, drug resistance.
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