Original article

Real-time analysis of impedance alterations by the effects of
vanadium pentoxide on several carcinoma cell lines

Vanadium compounds have various pharmacological effects and all evidences reveal that the effects
of vanadium compounds depend on many factors, mainly on the type of cells and dose. The proapopta
or antiapoptotic effect of vanadium compounds depends strongly on the cell type. In this study, efi
of the vanadium pentoxide (V20s) were investigated using several tumor cell lines: Colorectal ca
ce/l /ine (Colo 205), human breast adenocarcinoma cell line (MCF—?) and norma/ human fibie ‘

in a real-time manner. In Colo-205 cell line, the ClI a/terat/ons decreased sl/ght/y
/ncreased at the 100 uM, 150 uM and 200 uM concentrations. In MCF 7 ce

different concentrations.
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Vanadyum pentoksidin ¢esitli kanseg hlic ndaki etkilerinin empedans
degisiklikleri ile 1 analizi

Vanadyum bilegiklerinin ¢egitli farmako
etkilerinin, basta doz ve hiicre tipi olmak ere b ok faktore bagl oldugunu ortaya koymaktadlr
Vanadyum bilegiklerinin proapoptotikgue
calismada, cesitli kanser hicre
adenokarsinoma hiicre hatti (MC

ktal kanser hiicre hatti (Colo-205), insan meme
mal insan fibroblast hiicre hatti kullanilarak vanadyum
ild1. Sitotoksik etkilerini incelemek igin V205 25-200 uM
elere uygulandi ve empedans degisikliklerini degerlendirmek igin
i re Analizi yapildi. Bu gallgma V205 in Colo-205, MCF-7 ve /nsan

fibroblast hiicre hatlarin
fibroblastinda 12 sg
¢ 2 ibroblast hiicre hattinda, cell indeks (Cl) kontrol ile kar§lla§t/r/ld/g/nda

32aldi. Colo-205 hiicre hattinda Cl, 25 uM ve 50 uM’de azaldi; 100 uM, 150
uM ve 208 rasyonlarinda artti. MCF-7 hiicre hattinda, CI| kontrole kiyasla tim
, ” Konvansiyonel antikanser ilaglar ile kombinasyonu, kanser tiirii ve evreleri

ilaclarin yan etkilerini azaltmak ve etkinligi arttirmak icin kullanilabilir. Bulgularimiz;

tar kefimeler: xCELLigence, Colo-205, MCF-7, insan fibroblast hiicre hatti, vanadyum pentoksit.



INTRODUCTION

Cancer is a disease in which the control of growth is lost in one or more cells,
leading either to a solid mass of cells known as a tumor or to a liquid cancer. It is one
of the leading causes of death throughout the world (1). Colorectal carcinoma is the
most common gastrointestinal neoplasm and the second cause of death from can
in the western world. In spite of recent advances in neoadjuvant therapeutic modal

treatment success is limited in advanced stages of colorectal carcinoma

cancer has become the most prevalent cancer and the leading cause

females worldwide. Despite the fact that available therapeutics hag, successtully

complexes with organic ligands, in which vanadium
exhibit cytostatic activity and suppress tumor ce 0 and in vivo (4). Studies
on various cell lines reveal that vanadijum e ntitumor effects by means of
inhibition of cellular tyrosine pho as d/or activation of tyrosine

phosphorylases. Both effects activat@ signal duction pathways leading either to

apoptosis and/or to activation of or Suppressor genes. Moreover, vanadium
compounds (VCs) may indu le arrest and/or cytotoxic effects through DNA
cleavage and fragment I a membrane lipoperoxidation. Vanadium may
also exert inhibitory t cancer cell metastatic potential via modulation of cellular

adhesive molec reverse antineoplastic drug resistance (5).

In differen elFlines, some VCs act as inhibitors of cell proliferation in the

all rang tested eoncentrations. These VCs were then evaluated as potentially
antitum@r agents (6). Vanadium pentoxide (V20s5) was appointed to be studied by the
r Institute as a representative of the metals class study (7). It is obvious
tu cells could be treated with various metal oxide nanoparticles, and
ecCifically V20s nanoparticles have an admirable potential due to the high cytotoxicity
antitumor effects of vanadium. Mostly, it is shown that vanadium oxides could be
more toxic than vanadium salts. Additionally, it is showed that the same vanadium
compounds could possess selective cytotoxicity to various cell lines (8).
The Roche xCELLigence System provides incessant, quantitative and real-time

monitoring of cells and based on impedance measurements for analyzing the status of



adherent cells in vitro. Measurement of the electrical impedance gives an idea about
adheration, proliferation and migration of cells. When the changes observed in
impedance due to the cell attachment and spreading, it is expressed as the Cell Index
(CI). The CI reflects the cell viability thus cell number, attachment quality and cell
morphology (9, 10). Monitoring of cell viability is critical and the xCELLigence system
enables continuous measurement and quantification of cells (11). Also, ti

dependent physiological 1Cso0 values can be calculated. It is a more reliable

because classical toxicity tests measure single 1Cso end-points at one time g

The present study was designed to detect impedance alteration e
cytotoxicity of V205 on different cell lines. The xCELLigence technologgwas chosen,
his study

as it has been used previously for monitoring cell viability in real@me«8).
D gtal cancer cell

human fibroblast cell line at different doses in vitro. is the known first study
to show V20s’s effects on Colo-205, MCF-7 and blast cell lines in a real-
time manner.

EXPERIMENTAL

Chemicals
Trypsin-EDTA 2 f bovine serum (FBS, F2442), penicillin-
streptomycin (P43 %ium pentoxide (V20s5) (CAS Number:1314-62-1),
Dulbecco’s Modified le’s Medium (DMEM, D5546) purchased from Sigma Aldrich.
Cell Cul

M (AT@LC, HTB-22) human breast cancer cell line, Colo-205 (CCL-222) human

C
Cc er cell line purchased from American Type Culture Collection (ATCC).
@!oblast cell line gifted to us from GENKOK (Kayseri/Turkey). MCF-7 (12500
lIsiwell) and Colo-205 (12500 cells/well) cells cultured with DMEM containing FBS
70, L-glutamin 1%, 100 U/ml penicillin and 100 pg/ml streptomycin. Human fibroblast
cells (3000 cells/well) cultured with DMEM containing FBS 20%, L-glutamin 1%, 100
U/ml penicillin and 100 pg/ml streptomycin. The cells were grown to 80% confluence

at 37°C and humidified atmosphere with 5% CO2. When cells reached approximately
80% confluence, we detached cells with 0.25% trypsin-EDTA. The cells were



centrifuged with the Universal 320R (Hettich, Zentrifugen, 1406 Germany) at 1000 rpm
for 5 min at 25°C and seeded on 96 wells E-plate xCELLigence analysis. When cells
reached log growth phase approximately 24 h later from seeding to E-plate, we treated
cells with V205 for 25, 50, 100, 150, 200 yM concentrations.

xCELLigence Real Time Cell Analysis
Cytotoxic effect of V205 was monitored with xCELLigence Real-Time Cell Anal Q
(RTCA) as described by manufacturer’s instructions (Roche Applied Sci

ACEA Biosciences) with slight modifications. Firstly, optimal seeding comce

MCF-7, Colo-205 and fibroblast cells were determined and then the cells§\were“séeded

in E-plate 96 wells. Cell proliferation, attachment and spreading ni@red every

15 min via the impedance of E-plate wells. Approximately 24 h p eding when the
cells were in the log growth phase, we treated cells V205 and“@antrols received

only medium and replicated 4-times and the experim run for about 72 h.

al time cell analyser single plate (10)

Figure 1. xC
Q d Proliferation Assay Using XCELLigence System

end of experiment all calculations were done with the RTCA-integrated

0 re of the xCELLigence system (Figure 1). An unit-less parameter termed Cl is
tived to represent cell status based on the measured relative change in electrical
pedance that occurs in the presence and absence of cells in the wells, which is
calculated based on the following formula: ClI = (Zi-Z0)/15, where Zi is the impedance
at an individual point of time during the experiment and Zo is the impedance at the start

of the experiment (Figure 2). RTCA software performs the curve-fitting of selected



“sigmoidal dose-response equation” and calculated logarithmic half maximum effect of
concentration [log (ICso0)] values at a given time point based on log concentration

producing 50% reduction of Cl value relative to the control Cl value (100%).
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cell labels to the electr S ith more extension, which induce much more

impedance in com on C (D).

Statistical A
group, data were derived from at least three independent
tistical analysis was performed GraphPad Prism Software Version
Sidak’s multiple comparisons test to compare differences in values
een the control and experimental group. Data were expressed as mean + standard
iation. Values of all significant correlations (p<0.05) are given with degree of
nificance indicated (*p<0.01, **p<0.001, *** p<0.0001, **** p<0.00001).

RESULTS



To analysis of impedance alterations by the cytotoxic effect of V205 on normal
human fibroblast, Colo-205 and MCF-7 cell lines, xCELLigence System was
performed. Normal human fibroblast, Colo-205 and MCF-7 cell lines were exposed to
V20525 uM, 50 uM, 100 uM, 150 yM and 200uM for 72 h. V205 exhibited cytotoxic
effect on normal human fibroblast at 25 yM, 50 yM, 100 pM, 150 pM and 200uM
concentrations (Figure 3). In healthy fibroblast cell line, the ClI alterations decreased
all the concentrations compared with the untreated control (Figure 6). In Colo-205 Q
line, the CI alterations decreased slightly at 25 yM and 50 uM, increased
MM, 150 yM and 200 uyM concentrations (Figure 4 and Figure 7). In
the Cl alterations increased at all the concentrations with the untreated

5 and Figure 8). The ICso values obtained in the studied conce

24 h incubations in these cell lines are shown in Table 1.
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Figure monitoring of fibroblast cell adhesion and proliferation using the
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iguke 5. Dynamic monitoring of MCF-7 cell adhesion and proliferation using the
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Figure 6: Cl alterations after 12 h incubation of the healthy fib line by V205
treatment. Data were calculated from three indepemdent exp . Data were

presented as mean =S.D., *** p<0.0001 and **** p<B,00001 compared with the

untreated control.
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Figure W& CI alterations after 12 h incubation of the Colo-205 cell line by V205
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Figure 8: Cl alterations after 12 h incubation of the MCF-7 cell [ig Os treatment.
Data were presented as mean +S.D., * p<0.01, comp i eated control.

Table 1. ICso values for V205

Cell line ICs0 12 h 50 24 h

Human fibroblast cells 136.741 101.18 uM
COLO-205 118.58 p 145.29 uM
MCF-7 64.14 219.82 uM

DISCUSSION

Especially, metallgdrugs, represent constitute new and powerful tools for diverse

therapeutic applicati UntiModay, various metallodrugs show interesting biological

activities for c @ apy. In this field, cisplatin was the first inorganic compound with
3, can@er treatment. This compound was a leader agent in clinical use.
tance problems trigger the development of other platinum drugs with
rspective and also raise the scientific interest for the putative antitumor
ertiepof VCs. Various scientific articles reviewed by Leon et al. (12), show that

xes of these metals are the new metal-based drugs used in the treatment of

eral cancers, such as, lung, colon, breast, bladder, etc. Vanadate is a transition
element that present in nature and was shown to be a nonspecific inhibitor of protein
tyrosine phosphatases. VCs exhibit antitumor actions in several cancer cell lines (12,

13).



The xCELLigence RTCA equipment uses specific microtiter E-plates coated with
gold-microelectrodes that detect the attachment of adherent cells, thus modifying the
impedance signal. The xCELLigence RTCA is a non-invasive, impedance-based

biosensor system that can measure cell viability, migration, growth, spreading and

proliferation. Alterations in cell morphology and behavior are continuously monitored
in real time using microelectronics located in the wells of RTCA E-plates. As shg
previously, the xCELLigence system is well-suited to analyze drug effects on
proliferation, cytostasis and cytotoxicity in real-time. In comparison with

point assays, the availability of drug effect profiles over the whole expeti

system allowed them to determine the latency time o
(14).

Tumor cell lines with various proliferativ equally sensitive to
orthovanadate cytotoxicity. Orthovanadate (N concentrations greater than 5
MM has antineoplastic properties in vitr d o (15). Within the concentration
range of 1-20 uM, NaszVOs4 demongirated a and dose-dependent inhibition of

autocrine growth of the human carc a céll lines A549 (lung), HTB44 (kidney) and

ental conditions, NasVO4 showed an intermediate effect (17). Yang et
ave shown that sodium vanadate has cytotoxic effects on esophageal squamous
rcloma cell line EC109 at 50 puM (13). The antiproliferative effect of
acetylacetonato)-oxidovanadium(lV) and sodium metavanadate and the underlying
mechanisms were investigated in human pancreatic cancer cell line AsPC-1. VCs can
be regarded as a novel type of anticancer drugs through the prolonged activation of
MAPK/ERK pathway but retained AKT activity (18). Vanadium has no carcinogen

effect but its presence in cancer cells and its interactions with many key enzymatic



processes results in modified expression of p53 and Bax and in down regulation of
Bcl2 proteins and in antiproliferative activity. Anticancer effects of vanadium in various
forms have been demonstrated using in vitro and in vivo experiments (19). VCs
introduced into the therapy due to their low ICso, antiproliferative and proapoptotic
effects. Additionally, VCs stimulate the cell cycle, so inhibiting apoptosis, as both

processes are mutually related. The above processes promote tumor cell growt

early stages of the disease and have an antitumor effect in the advanced stage
cancer. VCs used at low concentrations have selective effects on the tu
vivo and in vitro studies. The effects of VCs depend on many factors

type of cells, the type of VC and its dose. It appears that the apoptotic or

alterations decreased slightly 25 uM and 50 uM, incre %
alierations increased at all the

blast cell line the Cl alterations

200 uM concentrations. In MCF-7 cell line, t
concentrations with the untreated contro), In h
decreased at all the concentrations. O S gest the idea that while V205
causes toxicity on human fibroblast ow antiproliferative effect at 25 and
50 uM concentrations and proliferative effegt at the high concentrations on Colo-205;

proliferative effect on MCF-7 at all the concentrations used.

CONCLUSION

VCs hav

processgs;an

harmacological effects and affect various biochemical

dences reveal that the effects of VCs depend on many factors,
mainly the flype of cells and their doses. It appears that the proapoptotic or
lapQptotic™ effect of VCs depends largely on the cell type. Our results are
cansiderable for further mechanism of action studies and trace amounts of V205
und with conventional therapies might strengthen or weaken the impact of the
atment. Additional mechanism of action studies should be performed to confirm
beneficial and toxic effects of V20s in different experiments and cancer cell types at
high or low doses. With the combination of conventional anticancer drugs can be used

to increase the effectiveness and reduce the side effects of these drugs that



considering stages of cancer and cancer type. Our results suggest that V2Os has
disparate effects on several cancer cells at different concentrations. This study is the
known first study to show V20s5’s effects on Colo-205, MCF-7 and human fibroblast cell

lines in a real-time manner.
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