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The present paper is focused on zinc(1) treatment effects on prostatic cell lines PC-3 (tumour) and
PNTI1A (non-tumour). Oxidative status of cells was monitored by evaluation of expression of
metallothionein (MT) isoforms 1A and 2A at the mRNA and protein level, glutathione (oxidised and
reduced), and intracellular zinc(i1) after exposition to zinc(ir) treatment at concentrations of 0—150 pM
using electrochemical methods, western blotting and fluorescent microscopy. A novel real-time
impedance-based growth monitoring system was compared with widely used end-point MTT assay.
Impedance-based ICs, for zinc(11) is 55.5 and 150.8 pM for PC-3 and PNT1A, respectively. MTT-
determined ICs, are > 1.3-fold higher. Impedance-based viability correlates with viable count (r > 0.92;
p < 0.03), not with MTT. Two-fold lower intracellular zinc(11) in the tumour PC-3 cell line was found.
After zinc(11) treatment > 2.6-fold increase of intracellular zinc(i) was observed in non-tumour PNT1A

and in tumour PC-3 cells. In PC-3 cells, free and bound zinc(i1) levels were enhanced more markedly as
compared to PNTIA. PNT1A produced 4.2-fold less MT compared to PC3. PNT1A cells showed a
4.8-fold increase trend (r = 0.94; p = 0.005); PC-3 did show a significant trend at MT1 and MT2
protein levels (r = 0.93; p = 0.02) with nearly ten-fold increase after 100 pM zinc(11) treatment.

In terms of redox state, PNT1A had a predominance of reduced GSH forms (GSH : GSSG ratio > 1),
when exposed to zinc(i1) compared to PC3, where predominance of oxidised forms remains at all
concentrations. ICs, differs significantly when determined by MTT and real-time impedance-based assays
due to dependence of impedance on cell morphology and adhesion. When real-time growth monitoring,
precise electrochemical methods and fluorescent microscopy are performed together, accurate
information for metal fluxes, their buffering by thiol compounds and monitoring of the redox state
become a powerful tool for understanding the role of oxidative stress in carcinogenesis.
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Insight, innovation, integration

Prostate cancer cells have altered the ability to uptake and
accumulate zinc(1r) ions compared to healthy prostate tissue,
however, the mechanism is not clear, but it is obvious that
some thiols such as metallothionein and glutathione can be
involved. This study was focused on zinc(11) treatment effects
on the PC-3 prostate cancer cell line and the PNT1A cell
line representing non-tumorous prostate epithelial cells.

We suggested, optimized and applied various methods and
protocols to monitor redox status, gene expression of metallo-
thionein isoforms 1A and 2A at the RNA and protein level,
reduced and oxidized glutathione content. In addition, this
study describes application of a new label-free and non-
invasive method based on impedance determination for real-
time analysis of cell proliferation, adhesion and spreading.
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Introduction

It has been repeatedly reported that prostate cancer cells are
characterised by altered ability to uptake and accumulate
zine(1r) ions as compared to healthy prostate tissue.! In fact,
there is no evidence or records on prostate tumours with
unchanged ability to accumulate zinc. In healthy tissue,
zinc(11) plays an important role in proliferation, differentiation
regulation and apoptosis in prostate (Fig. 1).? In healthy and
tumour prostate, intracellular zinc(m) is buffered by numerous
proteins (metalloenzymes, nucleoproteins and metalloproteins,
in particular metallothioneins).® Metallothioneins (MTs) are
ubiquitous low-molecular mass cysteine-rich proteins, playing
a key role in maintaining zinc(i) homeostasis. They are also
involved in the protection of cells against oxidative stress in
association with reduced glutathione (GSH).* Due to these
functions, it is natural that MTs are overexpressed under
conditions with the increased risk of reactive oxygen species
formation, such as cell proliferation, embryonic development
or carcinogenesis.**> Due to MTs’ low molecular mass and
unique primary structure, commonly used methods for detection of
proteins suffer from many deficiencies including insufficient
specificity and sensitivity. The most frequent methods used for
the detection of these proteins are immunological and/or
electrochemical ones with the lowest detection limits at aM
concentrations.®

This study was focused on zinc(i1) treatment effects on the
PC-3 prostate cancer cell line and the PNTIA cell line
representing non-tumorous prostate epithelial cells. Particu-
larly, monitoring of redox status influenced by zinc(i1) ions was
performed, in particular gene expression of metallothionein
isoforms 1A and 2A at the RNA and protein level. In addition
to redox status, reduced and oxidized glutathione was also
determined. Moreover, cell viability and proliferation after zinc(ir)
ions treatment were studied since cell viability, adhesion and

Fig. 1

spreading can be affected by the cell redox state.” In addition,
this study describes application of a new label-free and non-
invasive method based on impedance determination for real-
time analysis of cell proliferation, adhesion and spreading.
Together with utilization of electrochemical methods for
determination of some biochemical markers, such comprehen-
sive results have not been obtained yet on tumour and non-
tumour prostate cell lines.

Experimental
Chemical and biochemical reagents

Commercial materials were obtained as follows: RPMI-1640
medium, Ham’s F12 medium, foetal bovine serum (FBS) —
mycoplasma free, penicillin/streptomycin and trypsin EDTA
were purchased from PAA Laboratories GmbH (Austria).
PBS was purchased from Invitrogen Corp. (USA). EDTA,
zinc(n) sulphate, RIPA buffer and all other chemicals of ACS
purity were purchased from Sigma Aldrich Co. (USA), unless
noted otherwise. Primary mouse metallothionein antibody and
secondary anti-mouse HRP conjugated antibody were purchased
from Abcam (USA), primary PSA antibody was purchased from
Santa Cruz Biotechnology Inc (USA). For chemiluminescent
detection of western blot membranes an ECL WB detection
reagents system from Amersham Pharm. biotech was used (USA).

Cell cultures

Two human prostatic cell lines were used in this study: (a) PNTIA
human cell line established by immortalisation of normal adult
prostatic epithelial cells by transfection with a plasmid con-
taining SV40 genome with a defective replication origin. The
primary culture was obtained from the normal prostatic tissue
of a 35 years old male at post-mortem; (b) PC-3 human cell
line established from a grade 4 prostatic adenocarcinoma from
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Effect of zinc(i1) in prostatic tissue. ZIP and ZnT maintain intracellular zinc transport (1); ZIP1 is a major zinc(i1) importer, ZnT-1 is the

only export transporter. Intracellular free zinc(i1) induces metallothionein (MT) expression through MTF-1 and MRE (2) and is buffered by MT
(3) (white MT represents reduced/metal-free form, grey MT represents oxidized/metal-bound form). High zinc(11) load induces oxidative stress
(ROS) (5), which is reduced by the glutathione system in cooperation with MT (4); MT converts glutathione to its reduced form while being
oxidized. Endoplasmic reticulum regulates the cytoplasmic free zinc level by ZIP7 transporter (7). Free zinc(ir) affects gene expression through a
mitogen-activated protein kinase cascade (MAPKs, 9). In prostate, a high zinc(11) level inhibits mitochondrial aconitase (mAC), thus citrate is
accumulated (6) and released in high levels. Zinc induces a prostate-specific BAX pore formation (8) causing cytochrome C (CytC) release from
mitochondria and subsequent caspase-mediated apoptosis. Adapted according to Franklin and Costello®® and Eckschlager et al.*’
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a 62 years old Caucasian male and derived from the metastatic
site in bone. Both cell lines used in this study were purchased
from HPA Culture Collections (Salisbury, UK).

Cultured cell conditions

PNTI1A cells were cultured in RPMI-1640 medium with 10%
FBS. PC-3 were cultured in Ham’s F12 medium with 7% FBS.
All media were supplemented with penicillin (100 U ml~!) and
streptomycin (0.1 mg ml™"), and the cells were maintained at
37 °C in a humidified incubator with 5% CO,. The passages of
PNTI1A and PC-3 cell lines ranged from 10 to 35.

Zinc(1) treatments of cell culture

Once the cells grew up to 50-60% confluence of the culture,
the growth media were replaced by fresh medium for 24 h to
synchronize cell growth. The cells were then treated with or
without zinc(1) sulphate (0-100 uM for both cell lines) in fresh
medium for 48 h. In the case of viability and proliferative
assays (MTT and xCELLigence measurements) cells were
treated with a concentration of 300 pM.

Sample preparation

RIPA buffer lysate. Cell line’s medium was removed and
samples were quickly rinsed with 5 ml of ice-cold PBS twice.
Cells were scraped, transferred to clean tubes and were
centrifuged at 800 x g for 5 minutes (Eppendorf 5402,
Germany) at room temperature. Then the cell pellet was
transferred to 1.5 ml tubes and washed with PBS twice and
centrifuged at 800 x g for 5 minutes again. RIPA buffer was
added and tubes were intermittently mixed for 15 minutes on
ice by vortexing. Then, samples were centrifuged at 20800 x g
for 15 min at 4 °C and the supernatant was used for further
analysis.

Thermo-lysate. Approximately 0.01 g of the cells in 500 pl of
PBS was mechanically disintegrated using an Ultra-Turrax T8
homogenizer (Ika, Germany) placed in an ice bath for 3 min at
25000 rpm. The cell homogenates were kept at 99 °C in a
thermomixer (Eppendorf 5430, Germany) for 15 min with
shaking. The denatured homogenates were centrifuged at 4 °C,
15000 x g for 30 min (Eppendorf 5402, Germany). Heat
treatment effectively denatures and removes thermolabile
and high molecular mass proteins out from the samples.®
The prepared samples were used for metallothionein and
GSH/GSSG analyses.

RNA isolation, cDNA preparation

For RNA isolation a High pure total RNA isolation kit
(Roche, Switzerland) was used. Cell line’s medium was removed
and samples were quickly rinsed with 5 ml of ice-cold PBS
twice. Cells were scraped, transferred to clean tubes and
centrifuged at 20800 x g for 5 min at 4 °C. After this step,
lysis buffer was added and RNA isolation was carried out
according to manufacturer’s instructions. Isolated RNA was
used for cDNA synthesis. 600 ng of total RNA was trans-
cribed using a Transcriptor first strand cDNA synthesis kit
(Roche, Switzerland) according to manufacturer’s instruc-
tions. 20 pl of prepared cDNA was diluted with RNase free
water to 100 pl and directly analysed by real-time PCR.

Real-time reverse-transcription polymerase chain reaction
(RT-PCR)

RT-PCR was performed in triplicate using the TagMan gene
expression assay system with the 7500 real-time PCR system
(Applied Biosystems, USA). The amplified DNA was analysed
by the comparative Ct method using B-actin as an endogenous
control. The primer and probe sets for B-actin (Assay ID:
Hs00185826_m1), MT1 Assay ID: Hs00185826_m1) and MT2
(Hs00794796_m1) were selected from TagMan gene expression
assay. Real-time PCR was performed under the following ampli-
fication conditions: total volume of 20 pl, initial denaturation
95 °C per 10 min, than 45 cycles 95 °C per 15's, 60 °C per 1 min.

Cell content quantification

Total cell content was analysed using a Cedex XS (Innovatis)
semi-automated image-based cell analyser according to manu-
facturer’s instructions. Cell line’s medium was removed and
samples were washed with 5 ml of ice-cold PBS twice to
maintain only viable cells. Cells were scraped and transferred
to clean tubes. Trypan blue solution (Innovatis) was diluted to
0.2% before use and was added to samples according to
manufacturer’s manual. Following settings were used in operating
software: cell type: standard cells, dilution: none, process type:
standard. All samples were measured in duplicates.

Measurements of cell viability — MTT test

The MTT assay was used to determine cell viability. The
suspension of cells in growth medium was diluted to a density
of 5 x 10 cells per ml and 200 pl were transferred to 2—11 wells
of standard microtiter plates. Medium (200 pl) was added to
the first and to the last column (1 and 12). Plates were
incubated for 2 days at 37 °C to ensure cell growth. Medium
was removed from columns 2 to 11. Columns 3 to 10 were
filled with 200 pl of medium containing different concentra-
tions of zinc (0, 25, 50, 75 and 100 pM). As control, columns 2
and 11 were fed with medium without drug. Plates were
incubated for 24 hours; then, all media were removed and
exchanged with a fresh medium, daily three times. After that,
columns 1 to 11 were fed with 200 pl of medium with 50 pl of
MTT (5 mg ml~' in PBS) and incubated for 4 h in a humidified
atmosphere at 37 °C, wrapped in aluminium foil. After that,
medium-MTT was exchanged with 200 pl of 99.9% DMSO to
dissolve MTT-formazan crystals. Then, 25 pl of glycine buffer was
added to all wells with DMSO and the absorbance was recorded
at 570 nm (VersaMax microplate reader, Molecular devices).

Cell growth and proliferation assay using impedance
measurement with the xCELLigence system

The xCELLigence system was used according to the instructions
of the supplier (Roche Applied Science and ACEA Biosciences).
The xCELLigence system consists of four main components: the
RTCA analyser, the RTCA DP station, the RTCA computer
with integrated software and disposable E-plate 16. Firstly, the
optimal seeding concentration for proliferation and cytotoxic
assay was determined. After seeding the total number of cells in
200 pl medium to each well in E-plate 16, the attachment,
proliferation and spreading of the cells were monitored every
15 min. All experiments were carried out for 200 h.
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Total proteins quantification — Bradford and Biuret methods

Protein amount in cell lysates was measured spectrometrically
by the Bradford method and verified by the Biuret method
on an automated analyser. The Bradford method was per-
formed on an MBA 2000 analyser (Perkin Elmer, USA) at a
wavelength of 595 nm. Total protein amount was determined
using the automated biochemical analyzer BS-200 (Mindray,
China). Reagents and samples handling were controlled by
BS-200 software (Mindray). The absorbance was measured at
510 nm.

Differential pulse voltammetry — Brdicka reaction

Differential pulse voltammetric measurements were performed
with a 747 VA Stand instrument connected to a 746 VA Trace
Analyzer and a 695 Autosampler (Metrohm, Switzerland),
using a standard cell with three electrodes and a cooled sample
holder (4 °C). A hanging mercury drop electrode (HMDE)
with a drop area of 0.4 mm® was the working electrode. An
Ag/AgCl/3 M KCI electrode was the reference and a glassy
carbon electrode was auxiliary. For data processing GPES 4.9
supplied by EcoChemie was employed. The analysed samples
were deoxygenated prior to measurements by purging with
argon (99.999%) and saturated with water for 120 s. The
Brdicka supporting electrolyte containing 1 mM Co(NH3)¢Cls
and 1 M ammonia buffer (NH;(aq.) + NH4CL, pH = 9.6) was
used. The supporting electrolyte was exchanged after each
analysis. The parameters of the measurement were as follows:
an initial potential of —0.7 V, an end potential of —1.75 V, a
modulation time of 0.057 s, a time interval of 0.2 s, a step
potential of 2 mV, a modulation amplitude of —250 mV,
E.4 = 0V, volume of the injected sample: 20 ul (100 x diluted
sample with 0.1 M phosphate buffer, pH 7.0). All experiments
were carried out at a temperature of 4 °C employing thermostat
Julabo F25 (Labortechnik GmbH, Germany).

Electrochemical determination of zinc(ir) ions

An electrochemical analyser (Metrohm AG, Switzerland) was
used for determination of Zn(i). The analyser (757 VA
Computrace from Metrohm, Herisau, Switzerland) employs
a conventional three-electrode configuration with a hanging
mercury drop electrode (HMDE) as the working electrode:
0.4 mm?, Ag/AgCl/3M KCl as the reference electrode, and a
platinum auxiliary electrode. The following setup assembled
for automated voltammetric analysis is supplied by Metrohm.
A sample changer (Metrohm 813 Compact Autosampler)
performs the sequential analysis of up to 18 samples in plastic
test tubes. For the addition of standard solutions and reagents,
two automatic dispensers (Metrohm 765 Dosimat) are used,
while two peristaltic pumps (Metrohm 772 Pump Unit, con-
trolled by an Metrohm 731 Relay Box) are employed for
transferring the rinsing solution into the voltammetric cell
and for removing solutions from it. Differential pulse voltam-
metric measurements were carried out under the following
conditions: deoxygenating with argon for 60 s; deposition
potential: —1.3 V; time of deposition: 240 s; start potential:
—1.3 V; end potential: 0.15 V; pulse amplitude: 0.025 V;
pulse time: 0.04 s; step potential: 5.035 mV; time of step
potential: 0.3 s.

Determination of low-molecular-mass thiols

A high performance liquid chromatograph with an electro-
chemical detection (HPLC-ED) system consisted of two solvent
delivery pumps operating in the range of 0.001-9.999 ml min "'
(Model 582 ESA Inc., Chelmsford, MA), a Zorbax Eclipse
AAA Column (4.6 x 150 mm 3.5 micron particle size; Varian
Inc., CA, USA), and a CoulArray electrochemical detector
(Model 5600A, ESA, USA). The sample (30 pl) was injected
using an autosampler (Model 540 Microtiter HPLC, ESA,
USA). HPLC-ED experimental conditions were as follows —
mobile phase compositions: A: 80 mM trifluoroacetic acid
and B: methanol. They were mixed in gradient from 3% B in
the 1st min, 10% B in the 2nd to the 6th min and 98% B
from the 7th min of separation; flow of the mobile phase was
0.8 ml min~!, temperature of the separation was 40 °C;
working electrodes potential was 900 mV; detector temperature
was 30 °C; each measurement was repeated three-times.
Retention time of the reduced glutathione (GSH) was 5 min.
GSH concentration was calculated from a calibration curve
(0.5-100 uM). The signal was quantified as a sum of current
responses from all working electrodes.” In the case of real
sample measurements, the shift of the retention time was
about +2%.

Western blotting analysis

Samples were prepared (4 pl of DTT and 8 ul of LDS buffer,
4 ul of sample per well) and incubated for 5 minutes at 37 °C.
Electrophoresis was done on 10% and 12% 0.75 mm SDS-
PAGE gels at 100 V for 90 minutes. After the electrophoretic
separation, the proteins were transferred onto a nitrocellulose
membrane (Bio-Rad, USA) in a Bio-rad apparatus (Bio-Rad,
USA). The blotting was carried out for 1 h at a constant
current of 0.9 mA for 1 cm? of the membrane. After the
transfer, the membrane was blocked with 5% non-fat milk in
PBS (137 mM NacCl, 2.7 mM KCI, 1.4 mM NaH,PO,, and
4.3 mM Na,HPO,; pH 7.4) for 2 hours. The incubation with
the mouse primary antibody in dilution of 1 : 750 in PBS with
5% non-fat milk was carried out for 12 h at 4 °C. After
washing three times with PBS containing 0.05% (v/v) Tween-20
(PBS-T) for 5 min the membrane was incubated with a
secondary antibody (anti-mouse labelled with horseradish
peroxidase, Sigma Aldrich Co., diluted 1 : 5000) for 1 h at
room temperature. Then, the membrane was washed three
times with PBS-T for 5 min and incubated with a chromogenic
substrate (0.4 mg ml~' AEC — 3-aminoethyl-9-carbazole in
0.5 M acetate buffer with 0.1% H,0,, pH 5.5).

Fluorescence microscopy and cell staining

For fluorescence microscopy, cells were cultivated directly on
microscope glass slides (75 x 25 mm, thickness 1 mm, Fischer
Scientific, Czech Republic) in Petri dishes in the above-
described cultivation media (see Cultured cell conditions).
Cells were transferred directly onto slides, which were sub-
merged in cultivation media. After treatment, microscope
glass slides with a monolayer of cells were removed from Petri
dishes, rinsed with cultivation medium without zinc(11) supple-
mentation and PBS buffer and directly used for staining and
fluorescence microscopy.

This journal is © The Royal Society of Chemistry 2012
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For the staining of free thiols, respectively, free —-SH groups,
5-(bromomethyl)fluorescein (5-BMF, Sigma-Aldrich, USA)
was used. This probe reacts more slowly with thiols of peptides,
proteins and thiolated nucleic acids in comparison with other
fluorescent probes. However, it forms stronger thioether bonds
that are expected to remain stable under the conditions required
for fluorescence microscopy. Stock solution of 5-BMF (4 mM,
anhydrous dimethyl sulfoxide) was prepared prior to staining
because of 5-BMF stability. Working solution was prepared
immediately using stock solution by diluting to a final concen-
tration of 20 uM (PBS buffer, pH = 7.6). Cells were incubated
for one hour at 37 °C and in the dark. Then, cells on the
microscope glass slide were washed with PBS buffer (pH = 7.6)
and observed using a fluorescence microscope (Axioskop 40,
Carl Zeiss, Germany) equipped with wideband excitation and
set of filters (FITC-DAPI, Carl Zeiss, Germany). Photographs
were taken using a digital camera (Olympus Camedia 750,
Olympus, Japan).

For free zinc(11) ions staining, fluorescent probe N-(6-methoxy-
8-quinolyl)-p-toluene sulphonamide (TSQ, Invitrogen, USA) was
used. Working solution (10 uM, phosphate buffer, pH = 7.6)
was prepared by diluting TSQ stock solution (10 mM, acetone).
Cells were carefully rinsed by PBS buffer to remove all cultiva-
tion media containing free zinc(1) ions, subsequently stained by
working TSQ solution (30 min, 37 °C, dark), washed with PBS
buffer (pH = 7.6) and observed under a fluorescence microscope
(Axioskop 40, Carl Zeiss, Germany) equipped with FITC and
DAPI filters (Carl Zeiss, Germany). Photographs were taken on
a digital camera (Olympus Camedia 750, Olympus, Japan).

Statistical data analysis

Software Excel 2007 (Microsoft, USA) was used to arrange the
data set. Software Statistica 10 (StatSoft, USA) was used to
perform statistical analysis and chart construction. Signal
intensity of western blotting was determined using Imagel
1.45 software (NIH, USA) as an area under the curve.
Viability was determined by quadratic regression of MTT
(“MTT viability”’) and by fitting a real-time impedance chart
at t = 72 h, data transposition and regression from the linear
part of the curve. r-tests were used to reveal significant differences
between groups. Simple linear correlations were performed to
reveal the relationship between variables. Unless noted otherwise,

a level of statistical significance was designated to p = 0.05.
Scatterplots were fitted with the negative exponentially-
weighted fitting algorithm.

Results

Real-time monitoring of cell adhesion and proliferation using the
xCELLigence system

The question addressed in this study was whether zinc(11) ions
would affect the prostatic cells proliferation and morphology.
Zinc(11) metabolism in prostate (cancer) cells has been not
entirely clear to date.!” Primarily, the optimal cell concen-
tration for real-time proliferation and viability assays was
determined. Cells in count 5000, 10000, 15000, 20000,
30000, and 40000 per well were seeded in E-plate 16 and the
measurement was carried out (data not shown). Optimal
response was found for the well containing 10000 cells. For
wells with lower cell count, a lower relative impedance signal
level was yielded (represented as “‘cell index” in manufac-
turer’s software) and it was associated with higher standard
deviation (coefficient of variation: 3.1% and 0.8% in 5000 cells
and 10000 cells, respectively). In contrast, for wells with
higher cell count overgrowing of cells on one another was
observed when the E-plate was viewed under a microscope.
Thus high cell density had inhibitory effects resulting in end of
linear increase of relative impedance depending on the cell
count (data not shown). Therefore, 10000 cells per well were
used to examine the effect of zinc(11) ions on prostatic cell lines.

Consequently, ICsq of zinc(11) on cell lines obtained by MTT
cytotoxicity assay were determined. ICsy values of zinc(ir)
treatments were 194.3 pM for non-tumour cells PNT1A and
93.9 uM for PC3 tumour cells (Fig. 3A, Table 1). However,
during the first measurements with XCELLigence proliferation
and viability assay it was observed that chosen zinc(i1) con-
centrations around and above MTT assay determined ICs,
values exhibit more cytotoxic effects than was expected (compare
Fig. 3A and B). Thus, for the proliferation and viability assay
lower zinc(11) ions treatment concentrations were optimized as
follows: 0 (control), 25 pM, 50 uM, 75 uM and 100 uM for both
cell lines. Both cell lines reach a stationary phase of growth in
160 h. However, apparent difference in relative impedance values

Table 1 Comparison of viability determination, protein content and cell size in cell lines. xCelligence relative impedance, MTT absorbance, cell
concentrations, protein content and cell size are displayed as a relative ratio of not treated/treated samples for more obvious comparison. ICs is
calculated from these methods. Apparent differences in MTT-determined and xCELLigence-determined ICsq are due to different cell size and cell

count in PC-3 and PNTIA

. . xCelligence MTT Cell count Protein Cell size
Zinc(11) in
medium/ Relative 1Cso/ Relative viability 1Cso/ Relative cell 1Cso/ Relative Relative
Cell line uM impedance (%) uM MTT (%) uM count (%) uM concentration (%) cell (%)
PC-3 0 100.0 55.5 100.0 93.9 100.0 60.7 100.0 100.0
25 89.5 101.4 84.6 72.6 112.2
50 33.1 101.4 102.0 94.4 88.2
75 9.7 92.0 2.0 71.8 81.1
100 3.0 7.8 0.4 14.5 74.1
PNTIA 0 100.0 150.8 100.0 194.3 100.0 131.3 100.0 100.0
25 98.1 99.3 112.5 102.3 105.3
50 99.9 98.9 139.2 106.4 111.5
75 97.9 95.9 140.5 106.4 92.6
100 87.7 97.0 133.6 98.4 91.6
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Fig. 2 Real-time monitoring of cell adhesion and proliferation using the xCELLigence system. PNT1A (A) and PC-3 (B) cells were seeded at a
density of 10000 cells per well in E-Plates 16. After 24 hours, zinc(11) sulphate was added and the cell index was monitored. The measurements were

done in duplicates.

between cell lines was observed. Tumour cell line PC-3 reached
1.7-fold lower relative impedance in stationary phase of
growth as compared to non-tumour cell line PNT1A (compare
Fig. 2A and B at 0 uM zinc(i1) concentration).

After adding zinc(i) ions (24 h after initiation of the
experiment, see Fig. 2A and B), a rapid decrease in relative
impedance in less than 2 h after the treatment was observed; it
stabilized after 10 h, notably at high zinc(ir) concentrations.
After the stabilization, a less steep decrease of relative impedance
in a concentration-dependent manner was observed. Concen-
trations of 150 uM in the case of PNT1A and 50 uM and more
in the case of PC-3 induced a 2.6-fold and > 24.8-fold decrease
of relative impedance in PNT1A and PC-3 cell lines, respec-
tively, compared to non-treated samples. On the other hand,
zinc(11) concentration of 25 pM induced a 5% increase of the
relative impedance value in PNTIA cells. In contrast, no
such elevation of cell concentration after zinc(11) treatment is
evident in PC-3 cells.

The ICsy values of zinc(i) ions using the xCELLigence
system were also determined for the same period of time as
MTT assay (72 h from the beginning of the experiment). These
1Csq values were 150.8 pM zinc for PNT1A cells and 55.5 uM
zinc for PC-3 cells. Thus, it may be concluded that zinc() is
toxic to a tumour cell line in 2.7-fold lower concentration
(see Table 1). However, ICso values obtained from the
xCELLigence system are 1.3-fold and 1.7-fold lower in
PNTI1A and PC-3 cell line, respectively, than ICsy values
determined by MTT cytotoxicity assay. Due to this discrepancy
MTT and xCELLigence system assays combined with other
methods were further compared. It was shown that the relative
impedance is influenced mostly by cell count, its adherence and
morphology.!! Hence the area of cells and the total viable cell
count were determined in order to assess how these variables
affect relative impedance. In terms of average cell area, it was
found that PC-3 cells are 2-fold larger compared to PNT1A
cells (135.1 + 14.6 ym? and 67.7 & 5.4 pm?) (Fig. 3D). When
treated with zinc(i1), PNT1A cells do not show differences in cell
size, whereas PC-3 cells area decrease with increasing zinc(ir)
treatment concentration (Fig. 3D). Then the cell content was
determined and it was found that PC-3 cell lines achieved
1.6-fold smaller cell count at the same time interval (48 h)

as compared to PNTIA (6864 £ 46.1 cells per ul and
1083.8 + 33.7 cells per pl in PC-3 and PNTIA cell line,
respectively) (Fig. 3C). Significant statistical correlation (+ > 0.92;
p < 0.03) between results from the xCELLigence system and
viable cell count during zinc(1r) treatments was found. On the other
hand, no significant correlation between xCELLigence system
monitoring and MTT assay (r > 0.80; p < 0.10) was observed.

Cytology and gene expression

Primarily, this study focused on general cytology of both PC-3
and PNTI1A cell lines. For these purposes, acridine orange
(AO) was used. Acridine orange can serve as a marker of the
lysosomal proton pump, an important marker of lysosomal
function.'? Treatment of PC-3 and PNTIA cell cultures with
zinc(11) ions led to significant changes in cell morphology and
especially in the formation of a monolayer. In control cells and
cells treated at zinc(i) concentrations of 50 and 75 pM,
lysosomes are well evident and their visualisation is connected
with functioning of the lysosomal proton pump. Under higher
zinc(11) concentrations (100 uM), lysosomes are not visible, but
cytoplasm diffusely emits in the red area.

On the other hand, AO can be used for monitoring the
RNA biosynthesis.'> The incorporation of AO into nucleic
acids depends on their structure. Double-helical DNA forms
enable emission of AO at an emission maximum of 530 nm
(green fluorescence), simpler non-helical RNA organization
leads to the shift of AO emission at 660 nm (not shown). There
are distinctive differences between cell lines in terms of RNA
synthesis. RNA localisation is possible in nucleoli and cytoplasm.
Whereas increased RNA synthesis in “healthy”, non-tumour cell
line PNT1A is evident only at higher zinc(i1) ion concentrations
(100 uM), increased RNA synthesis in tumour cell line PC-3 is
apparent in all variants — in control (untreated cells) as well as
cells treated at all zinc(i) ion concentrations (not shown).
Similarly, the nucleoli, i.e. sites of RNA localization, are clearly
visible in the control and in all treated cells of tumour cell line
PC-3. On the other hand, in “healthy’” non-tumour PNT1A cells
the nucleoli are visible only in the cells treated with the two
highest zinc(11) concentrations. This also corresponds to increased
RNA biosynthesis at these two concentrations.
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Fig. 3 Comparison of MTT, xCELLigence and cell concentration viability and cell size. (A) MTT-determined response to zinc(i1) treatment,
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treatment (mean £+ SD).

Determination of free and bound zinc(i1) cellular levels after
zinc(11) exposure

To investigate the relationship between zinc(i) metabolism,
MTI1 and MT?2 gene expression and the cell redox state, the
levels of intracellular free and protein bound zinc(i1) ions were
determined. To allow comparison of zinc(ir) levels between
various samples, the determined zinc(ir) content was related to the
viable cell count (relative impedance determined by xXCELLigence
assay (zinc concentration puM/relative impedance)). When the
untreated cell lines were compared, significantly higher cellular
bound (2.1-fold) and significantly lower free zinc(i) levels
(2.3-fold) were found in non-tumour PNT1A cells as compared
to PC-3 cells (compare insets in Fig. 4A and B).

After the zinc(i1) treatment, a significant enhancement of the
bound and free intracellular zinc(i1) forms was observed in
both cell lines. This increase correlated with zinc(i1) concen-
tration in growth medium at » = 0.91 (p = 0.03) and 0.98
(p = 0.003) for free and bound zinc(11) in the PC-3 cell line and
atr = 0.86 (p = 0.02) and 0.98 (p = 0.001) for free and bound
zinc(11) in the PNT1A cell line, respectively. When 100 pM zinc(1r)
treatment is compared to non-treated samples, 4.1-fold increase

of bound zinc(ir) and 3.5-fold increase of free zinc(ir) were
observed in PNTIA cells. In contrast, a more pronounced
increase was detected in bound (5.7-fold) and free (30-fold)
zinc(11) fractions in PC-3 cells.

Consequently, the zinc(i1) content was determined by the use
of fluorescent microscopy. Localisation of free zinc(i) ions
with the use of fluorescent probe N-(6-methoxy-8-quinolyl)-
p-toluene sulphonamide, which is specific for these ions, led to
detection of differences between free zinc(ir) ions localisation
in non-tumour PNTIA cells and tumour PC-3 cells. In PC-3
cells, the amount of free zinc(11) ions is connected with treatment
(not shown). At the lowest zinc(11) concentration, decrease of
emission intensity is well evident. At other zinc(i1) concentrations
in this cell line intensity of emission increases. At the highest
zinc() concentration (100 puM), localisation of these ions
around nuclei, in nuclei and in the inner part of cytoplasm in
the form of spots is well visible. Peripheral parts of cytoplasm
demonstrate only weak emission, representing only low free
zinc(11) levels in these localizations. In PNT1A cells, intensity
of emission of the fluorescence product between the above-
mentioned fluorescent probe and free zinc(i) significantly
increases with increased supplementation of cultivation medium

678 | Integr. Biol., 2012, 4,672-684

This journal is © The Royal Society of Chemistry 2012



7 ; ; . :
5024 s PNT1A /

= T RELIE s, PC-3
s |£go0r : y
£ 5155006 S
= Zo00 M > g
o 4t = e 4
= £t o
= T K
3 37 . ]
B2t -
E &
c 1+t ,'I _
N s

o B Goont o9

0 20 40 60 80 100

Zinc in medium (uM)

Fig. 4

vy

180
160
140
120 t
<
100 | € E.. .
o

80 I - .

60 | 4
40 + o5 4

20 f..--" E

. PNT1A ;
. pc_3". ]

Zn bound

(MM/rel.imp.)
= N W

o o i o o

Zn bound (uM/rel. imp.)

0 20 40 60 80 100
Zinc in medium (uM)

Intracellular zinc in cell lines. (A) Intracellular free zinc(i1) content in human prostate cells human prostatic tumour (PC-3) and normal prostatic

(PNT1A) cells treated with 0-100 uM of zinc(11) sulphate. Both cell lines elevate intracellular free(ir) zinc. Intracellular free zinc(i1) content in untreated
samples (A, inset, mean £+ SD), significantly higher free zinc in PC-3 cell line. (B) Response to zinc, intracellular bound zinc fraction; bound zinc(11) in
untreated samples (B, inset, mean + SD). Untreated PC-3 cell lines show lower bound zinc, but demonstrate more distinct increase when treated.

by zinc(ir) (not shown). Localisation of free zinc(1n) is also well
visible — at the lowest concentration (25 pM) around nuclei
(Golgi, endoplasmic reticulum) and in nuclei. With increasing
zinc() concentration, increase in the level of free zinc(ir)
around nuclei is visible. In comparison with tumour cell line
PC-3, PNTIA cells did not demonstrate localisation of free
zinc(1) in the form of spots.

Effect of zinc(11) on the expression of MT1 and MT2 mRNA and
protein levels in prostate cells

Further, this study was focused on two MT isoforms (MTIA
and MT2A) at the RNA level and at the level of translated
proteins. It is shown in Fig. 5 that zinc(i) treatment has
different effects on transcriptional and translational levels of
MTI1 and MT2 in prostate cells. The zinc(u) effect on the
transcription level of MT1 and MT2 was studied by RT-PCR.
We found no significant difference (p > 0.05) in MT1A and
MT2A mRNA levels between cell lines (Fig. 5C). When the
level of MT isoforms is compared, significantly (p < 0.001) a
higher MT2A mRNA level (12-fold) is found in both cell lines.
No distinct level change of MTIA mRNA isoform was
observed when exposed to zinc(i) treatment (Fig. 5A). In
contrast, significant up-regulation of MT2A isoform was observed
in PC-3 (r = 0.99; p = 0.001) and PNTI1A ( = 0.89; p = 0.039)
cell lines (Fig. 5B). More distinct elevation in MT2A class mRNA
was observed in the PC-3 cell line (80-fold).

Then the MT1 and MT2 at a protein level using western blot
assay were determined (Fig. 5F). When treated with zinc(in),
the PC-3 cell line showed > 4-fold increase in the MT level. In
the PNTI1A cell line, no such trend was observed. To refine the
detection of MT by a sensitive method, the level of endogenous
MT1 and MT2 proteins using differential pulse voltammetry
Brdicka reaction was determined.'* To normalise the protein
content, values were related to viable cell count (relative impe-
dance determined by xCELLigence assay (MT concentration
nM/relative impedance)). Untreated PC3 cells produced 3.6-fold
more MT protein as compared to PNT1A cells (Fig. SE, inset),
15.6 £ 1.1 ng per rel. imp. and 4.2 + 0.2 ng per rel. imp.,
respectively. After zinc(i1) treatment apparent differences in

MT protein in cell lines were observed. Whilst the PNTI1A cell
line showed mild 4.2-fold increase after zinc(u) treatment
(17.7 + 0.9 ng per rel. imp. MT at 100 uM zinc(i1) concentration,
positive correlation at r = 0.94 and p = 0.005), the PC-3 cell line
showed more distinct increase in the MT protein level after the
treatment. When PC-3 cells were treated with 100 uM zinc(1),
147.2 4+ 3.2 ng per rel. imp. MT1 and MT2, i.e. tenfold increase
was observed. Thus, these results were in good accordance with
western blot analysis. Our results show that MT2 RNA and MT
protein maintain the same increasing trend in both cell lines
(Fig. 5B and E) and thus significant correlation (r = 0.94 at
p = 0.017) was observed. However, although a similar increasing
trend was observed in the PNT1A cell line, it was below the level
of statistical significance (r = 0.72; p = 0.102).

Cell redox state

Microscopic detection of proteins with free -SH groups is enabled
by the use of the specific probe 5-(bromomethyl)fluorescein,
which includes formation of the fluorescent product after reaction
with —SH groups of thiols. In the PNT1A non-tumour cells, the
amount of proteins with free —-SH groups continually decreases
with increasing zinc(i) ions supplementation. At the highest
concentration, proteins with free —-SH groups are visible practi-
cally only in newly originated cells, whereas in older cells their
amount is only omissible. In this cell line, distribution of thiols
takes place especially around nuclei and in nuclei, and is limited in
peripheral parts of cells. Compared to PNTI1A, contradictory
results were obtained for the tumour PC-3 cell line: increasing
supplementation of cultivation medium by zinc() ions led to
increased synthesis of proteins with free thiol group/groups
localised in nuclei and especially around nuclei in endoplasmic
reticulum and Golgi apparatus (not shown).

Discussion

Real-time monitoring of cell adhesion and proliferation using the
xCELLigence system

Standard methods for cell viability or proliferation determina-
tion include time-consuming end-point analysis assays of

This journal is © The Royal Society of Chemistry 2012
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whole cell populations (MTT or XTT assays) and advanced
techniques of analysis of individual cells (flow cytometry or
digital microscopic techniques and image analysis). However,
these techniques are not capable of registering very small and
rapid changes in cellular morphology.'> Most of the studied
compounds used for various cell treatments in experiments
have different effects not only on cell viability but also on cell
proliferation, cell adhesion and spreading. These effects are
highly dynamic and may also show differences in various cell
types. This is evident from different values of ICs, obtained by
MTT and xCELLigence assays (1.3- and 1.7-fold higher in
PNTIA and in PC-3 when using MTT assay). More pronounced
difference in PC-3 may be explained by decrease of its cell size in
relation to zinc(i1) treatment compared to PNT1A, where no size
change is observed (Fig. 3D). In the case of the PNT1A cell line,
under 25 pM zine(1) treatment the relative impedance is approx.
5% increased as it is evident from proliferation assay. It is
evident from Fig. 3C and D that average cell area of PNT1A
cells is relatively stable but number of cells increased. Such
5% increase of impedance therefore represents a higher cell
proliferation rate in PNT1A cells (higher cell concentration vs.
stable cell size).

It may be concluded from the present findings that the
xCELLigence assay reflects more the cell concentration than

its MTT-based metabolic activity. This conclusion is sup-
ported by the fact that xCelligence correlates significantly with
the cell count and not with MTT results. We believe that
determination of cell viability/cytotoxicity of compounds used
in experiments by conventional methods like MTT or XTT is
not sufficient. It brings out only end-point analysis of the state
of whole cell populations which cannot capture important
effects of treatments on proliferation dynamics. Here we
demonstrated that the xCELLigence system represents an ideal
tool for identification of the onset and the rate of cytotoxicity
and for determination of the optimal time point for further
molecular and biochemical analyses of cellular events. Moreover,
the real-time data stream of the XxCELLigence system provides a
continuous, label-free measure of cell culture quality.

Zinc, metallothionein and redox state

It has been demonstrated in numerous studies that healthy
prostate tissue accumulates a distinctly higher zinc(ir) content
compared to other cells and this accumulation is altered in
prostate cancer tissue.'®“ These findings are summarised in the
work by Costello and Franklin.'® They reported that the mean
decrease of tissue zinc(i1) in cancer tissue compared to healthy
tissue is —62% =+ 5%. In healthy tissue, a high zinc(11) level is
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crucial for the proper functioning and proliferation of the
gland.'® The high level induces apoptosis and inhibits cell
growth, whereas the lower level may create an environment
more suitable for tumour progression.!” Zinc transporters,
notably ZIP1, play a key role in zinc(i1) accumulation and
some of them (to date described in ZIP1-3) are down-
regulated in prostate cancer. They can therefore be considered
as tumour suppressors.'®

To date, there has been only limited evidence studying
zinc(n1) levels and effects of zinc(i) treatment on prostate
cancer cell line PC-3 and no evidence studying zinc(11) levels
in healthy prostate cell line PNT1A. We have demonstrated
approx. —48% decrease of (bound) zinc(11) content in prostate
cancer cell line PC-3 in comparison to non-tumour PNTI1A.
According to the study by Feng et al., the intracellular zinc(ir)
level in the PC-3 cell line is decreased —53% compared to non-
tumour HPR-1 cell lines.!”® Although different non-tumorous
cell lines were used in this study, the authors obtained similar
results. Our results are also in good agreement with results
obtained from in vivo biopsies in 16 studies summarised by
Costello and Franklin'® (see the previous paragraph) suggest-
ing that PC-3 and PNTI1A cell lines may represent zinc(ir)
buffering conditions in vivo.

When exposed to zinc treatment, we observed elevation of
both bound and free zinc(u1) fractions in both cell lines
suggesting that even tumour PC-3 cell line has retained zinc-
transport mechanisms. Interestingly, tumour cell line PC-3
shows much more distinct increase in free and bound zinc
fractions compared to PNTI1A. When treated with 100 uM
zinc(11), elevation of intracellular bound zinc levels up to the
two-fold concentrations of non-tumour cell line PNTIA was
observed in PC-3 (compare Fig. 4A and B). This trend was not
only occurring in the bound zinc(i) fraction, but also free
zinc(11) demonstrated a similar trend. However, under these
conditions (100 pM zinc(n1) treatment) the PC-3 cell line
retains only approx. 3% viability compared to the untreated
sample (Fig. 3A, Table 1). In contrast, the PNT1A cell line still
retains high viability when treated with 100 uM zinc(11) (88%).
According to these results, it is possible to argue that the
increased rate of apoptosis/necrosis is associated rather with
an increased relative ratio of intracellular zinc(i1) (ratio of
zinc after treatment/zinc before treatment) than only with
the absolute amount of zinc(i) treatment concentration in
the medium. This may be evidenced from the fact that
there is an elevation of bound zinc (2.7-fold and 5-fold for
PNTIA and PC-3, respectively) after exposure to concentra-
tions equal to ICsy of these lines (150 uM and 56 pM for
PNTI1A and PC3, respectively). This is in agreement with the
study by Feng er al., which has previously demonstrated a
similar difference between tumour and non-tumour cell lines —
exposure to zinc induced apoptosis in PC-3 and BPH cells,
which accumulate high intracellular levels of zinc(i), but
not in HPR-1 cells, which do not accumulate high levels of
zine(m)."¢

For visualization of general cytology and distribution of
free zinc(i) and thiols with free —SH groups, a modified
method of cell cultivation directly on microscopic slides was
used. This technique enables easy manipulation of cells grow-
ing in monolayers including staining and washing steps as well

as excellent visualization of cell structures without the neces-
sity of usage of confocal microscopy.'® Microscopic observa-
tions in our study fully confirmed precise analytical data and
enabled localisation (not shown) of structures and compounds
of interest directly in studied cells. Regarding the results of
electrochemistry and microscopy, similar increasing trends in
free zinc(11) levels were observed in both cell lines after zinc(ir)
treatment. Also more intense fluorescence in the PNTI1A cell
line was observed where higher free zinc(i) content was
determined using electrochemistry. In PC-3 cells, decrease of
emission is probably caused by their linkage to competent
proteins. At other zinc(11) concentrations intensity of emission
increases. Generally, distribution of free zinc(11) ions in PC-3
cells is well evident in cytoplasm surrounding nuclei and in
nuclei, where zinc(1) ions play a crucial role in activation
and/or regulation of transcription due to formation of zinc(1r)
fingers. In comparison to tumour cell line PC-3, PNT1A cells
did not demonstrate localisation of free zinc(i) in the form of
spots. These results are partly in agreement with the studies
by Feng er al.'’* and Wei er al.*' which demonstrated
4.3-fold elevation of zinc(11) levels in PC-3 after 15 uM (exactly
1 pg ml™") zinc(u) treatment. Intracellular zinc(u) elevation
was determined as 1.5-fold increase (under 25 uM zinc(ir)
treatment). According to our knowledge, no previous study
did show effects of zinc(i1) treatment on PNT1A cell lines and
therefore our findings cannot be compared to any other
results. The above-mentioned work by Feng et al. used the
HPR-1 cell line as a model of non-tumorous tissue. To
date, prostate-specific direct effects of zinc(i1) on apoptosis
have been well-identified and are discussed in the following
reviews.?%>

When fluorescent microscopy was utilised in the determina-
tion of RNA biosynthesis, notable differences, probably con-
nected with zinc(i1) ions treatment, were evident. Whereas
increased RNA synthesis in PNTIA is evident under higher
zinc(11) ion concentrations, increased RINA synthesis in
tumour cell line PC-3 is well evident at all concentrations
(not shown). In comparison to nucleoli of both cell lines, sites
of RNA localization are well evident in control and all treated
cells of tumour cell line PC-3. In non-tumour PNT1A cells,
nucleoli are visible only at the two highest zinc(i1) concentra-
tions, which also correspond to increased RNA biosynthesis at
these two concentrations. This fact may be connected with the
response of non-tumour PNT1A cells to zinc(i1) treatment and
resistance of tumour PC-3 cells to zinc(11) ions. This response
does not necessarily result in enhanced biosynthesis of thiol
compounds (including MTs), but it may also result in synthesis
of non-thiol proteins connected with stress (triggered by
zinc(n) ions and proteins connected to cellular responses to
stress factors, such as proteins of the apoptosis pathway).

Significantly higher MT protein content in the PC-3 cell line
was observed compared to the PNT1A cell line in untreated,
e.g. control samples. Interestingly, no significant difference
between cell lines was determined at the mRNA level (compare
Fig. 5C and the inset in Fig. SE). This fact implies that another
regulating mechanism in post-translation exists in PC-3 and
PNTIA cell lines. Such a regulation mechanism can be based
on small RNAs.? Inasmuch as MT binds zinc(i1) and bound
zinc(11) levels are higher in the PC-3 cell line, it is obvious that
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MT levels should be higher in this cell line. Binding of ““free”
zinc(1) ions by MTs diminishes the amount of this metal
available to generate free radicals, especially reactive oxygen
and nitrogen species.?* This is in contradiction with the study
by Wei et al. which also showed a significantly lower MT1/2
protein level in the PC-3 cell line. However, this study used the
non-tumour HPR-1 cell line as a control.?' To date, no study
determined the metallothionein content in PNTIA cell lines;
comparison with other cell lines gives therefore only approxi-
mate results.

When cell lines are treated with zinc(ir), increased MT2A
mRNA and protein levels in both cell lines and no changes in
MTIA mRNA are observed. In our recent studies we found
out that MT2A is a major MT isoform in healthy and tumour
prostate cell lines PNTIA and 22Rv1.% This study show
similar results — MT2A is a dominant isoform also in the
PC-3 cell line (Fig. 5D). Thus, this explains the fact that a
correlation between mRNA and protein is only in MT2A
isoform. Interestingly, PC-3 cells exhibit enhanced increase in
MT mRNA and protein compared to PNTI1A cells. This
increase apparently corresponds to the enhanced elevation of
endogenous zinc(ir) levels after zinc(ir) treatment in this cell
line, however, it is caused by different expression of zinc(ir)
transport proteins, the MT-regulating miRNAs, or other
mechanisms that have been unknown to date. Using fluores-
cent microscopy, we observed an increase of —SH fluorescence
in the zinc(i)-treated PC-3 cell line and no such distinct
changes in fluorescence were observed in the PNT1A cell line,
which is in accordance with increasing trend of MT. These
findings are in good agreement with works by Wei et al.,
Hasumi et al., Lin et al., Iguchi et al. and Yamasaki et al., who
in general demonstrated up-regulation of MT expression when
exposed to zinc(ir) treatment or other stress stimuli.!®?2!-2
Wei et al. reported up-regulation of MT gene expression in
PC-3 when exposed to zinc(i1) treatment. Similarly, Hasumi
et al. and Iguchi et al. found that MT gene expression is
zinc-inducible.®*2% Qur results are also in agreement with the
work by Yamasaki et al., who found up-regulated MT-2A
expression in the PC-3 cell line under stress conditions such as
hypoxia.”” A study by Lin er al. determined expression of
various MT1 isoforms after loading 20 uM zinc(11) in the PC-3
cell line.?® Interestingly, this study showed only up-regulation
of MT-1J and MT-IM gene expression when exposed to
zinc(11) and no significant change in MT-1A gene expression
when exposed to zinc(i1). These data suggest that zinc(i) may
act as an isoform-specific MT inductor.

The GSH-GSSG redox pair can be efficiently coupled with
MTs and thus can protect cells against oxidative stress
(ROS).* Therefore monitoring of the GSH-GSSG ratio with
determination of MTs may represent an effective tool for
studying zinc(m) effects on cell redox potential. Biological
disulphides such as oxidized glutathione (GSSG) oxidize
MTs with a concomitant release of zinc, while reduced
glutathione (GSH) reduces the oxidized protein to thionein,
which then binds the free zinc(ir) ions.?® Conversely, thiol
depletion is associated with activating caspase-3 and thus
apoptosis.?’ In our experiments, we found some changes in
the thiol-containing peptides and proteins and their further
study will be needed.

Conclusions

In this study, characteristics of prostatic cell lines PC-3 and
PNTI1A exposed to zinc(i) treatment determined by novel
real-time monitoring system xXCELLigence are provided. This
system allows description of the cell lines response to metal
toxicity more precisely as compared to commonly used end-
point assays. Significant differences in ICsy determination were
found using both methods due to dependence of impedance
assay on cell morphology, cell adhesion and cell count and due
to changes of those variables when treated with zinc(ir). To
date, there has been no evidence of the PNTIA cell line in
response to zinc(i1). Furthermore, elevation of intracellular
bound and free zinc(1) in these cell lines after zinc(ir) treatment
was observed. These results are in good agreement with
published studies. Also, the detected level of metallothionein
is in agreement with most published results. In our experi-
ments, increased levels of MTs in PC-3 and PNTI1A cell lines
were found; published results describe in general similar
elevation of MTs when exposed to stress conditions such as
heavy metals, reactive oxygen species or hypoxia. We also
found differences in the GSH-GSSG system between cell
lines — zinc(11) treatment caused elevation of reduced thiols
in non-tumorous PNTI1A cell lines, and no change of thiols in
tumorous PC-3 cell lines. This study also demonstrated a
comparison of fluorescence microscopy with precise electro-
chemical techniques and real-time PCR in the determination
of intracellular zinc(i) and thiols with a good agreement in
results. If employed together, these methods provide accurate
information for zinc(ir) fluxes, their buffering by thiol com-
pounds and monitoring of the redox state in cell lines or
tissues. Thus, an integrated approach with these methods for
detection of thiols and heavy metals may be a powerful tool
for understanding the role of oxidative stress in carcinogenesis.
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