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Abstract: In the paper we utilized the adsorptive transfeipging differential pulse
voltammetry Brdicka reaction for the determinatafmrmetallothioneins (MT) in melanoma
cells, animal melanoma tissues (MeLiM miniature) @gd blood serum of patients with
malignant melanoma. Primarily we attempted to itigase the influence of dilution of real
sample on MT electrochemical response. Dilutiosarhples of 1 000 times was chosen the
most suitable for determination of MT level in lmglcal samples. Then we quantified the
MT level in the melanoma cells, the animal melanadisgues and the blood serum samples.
The MT content in the cells varied within the ranfgem 4.2 to 11.21M. At animal
melanoma tissues (melanomas localized on abdonaak, lbonb and dorsum) the highest
content of MT was determined in the tumour sammedhe back of the animal and was
nearly 500ug of MTs per gram of a tissue. We also quantifiedtent of MT in metastases,
which was found in liver, spleen and lymph nodesrédver the average MT level in the
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blood serum samples from patients with melanoma3sag 0.8uM. MT levels determined
at melanoma samples were significantly (p < 0.0§hér compared to control ones at cells,
tissues and blood serum.

Keywords: Metallothionein; Protein; Tumour Marker; Cell; Amal Tissue; Human blood
serum; Differential Pulse Voltammetry; Adsorptiveamsfer Stripping Technique; Brdicka
Reaction

1. Introduction

Metallothioneins (MT) are a group of low molecutaass (about 6.5 kDa) single-chain proteins rich
in cysteine and free of aromatic aminoacids [1N8]. are a family of proteins with a large degree of
sequence homology, which have been described irertecfungi, plants, and animal species [1,4-7].
Four major isoforms (MT-1 through MT-4) have beeernitified in mammals. In addition at least
thirteen known closely related MT proteins in husmdrave been described. However the specific
functional roles of MTs isoforms and their molecuiateractions are still unclear [1]. In the last
decade, several reports disclosed MT expressian wseful diagnostic factor for tumour progression
and drug resistance in a variety of malignancigsleukaemia, melanoma, breast, ovarian, renad, lun
pancreatic, gall bladder, oesophageal, and bak&aceinomas [8-27].

The number of patients with malignant melanoma inhasesased markedly during last decades;
therefore new markers of the tumour disease neée teearch to improve its diagnostic and therapy.
Several articles reported on the monitoring theeasion between MT level and course of the disease
at patients with malignant melanoma have been ghati [19,25,27-30]. The last study on 1 270
patients showed the faster progression of the sksah patients with the higher MT level [28]. The
exact biological role of MT in melanoma is stillalear. One the current accepted opinion is thati$1T
involved in intergrowing of melanoma to surrounditigsues and in scavenging of reactive oxygen
species in melanocytes [31]. The malignant melanisnetiologically heterogeneous disease [32]. The
inherited melanoma was firstly diagnosed in 182@ds shown that the better survival was observed
at inherited type of melanoma compared to non-itdgkr Four genes respondent for four types of
inherited melanoma have been identified - cutanesaiggnant melanoma 1 (CMM1) on chromosome
1p36, cutaneous malignant melanoma 2 (CMM2) gen&NXZA on chromosome 9p21, cutaneous
malignant melanoma 3 (CMM3) gene CDK4 on 1214 @ndneous malignant melanoma 4 CMM4
on chromosome 1p22 [33-37]. Melanoma can be alagndised at many syndromes affiliated with
chromosomal instability likenaxia telangiectasi, Nijmengen breakage syndrome, Fanconi anaemia,
Bloom syndrome oxeroderma pigmentosum.

The methods used for determination of MT in clihisamples are often based on relatively time-
consuming and not enough sensitive immunohistockteyn{27,38,39]. There can be used also
spectrometric [40-42], chromatographic [43-45] ¢tecgochemical techniques for determination of
MT [46-49]. From the wide spectrum of electrochemhimethods used for determination of MT
differential pulse voltammetry [49-64] and/or chopotentiometric stripping analysis [46,65-77] are
the most sensitive ones. To investigate the rol&®dfin melanoma development we employed the
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adsorptive transfer stripping differential pulsdtammetry Brdicka reaction for the determination of
these proteins in melanoma cells, animal melandssads (MeLiM miniature pig) and blood serum of
patients with malignant melanoma.

2. Material and Methods
21  Chemicalsand pH measurements

Rabbit liver MT (MW 7143 g-mdl), containing 5.9 % Cd and 0.5 % Zn, was purchdsea
Sigma Aldrich (St. Louis, USA). Co(N$#}$Cls and other chemicals used were purchased from Sigma
Aldrich (Sigma-Aldrich, USA) unless noted otherwidée stock standard solutions of MT (1§ -ml
) was prepared with ACS water (Sigma-Aldrich, US#Rd stored in the dark at —20 °C. Working
standard solutions were prepared daily by diluobthe stock solutions with ACS water. The primary
mouse anti-metallothionein antibody and the rahhti-mouse immunoglobulin-HRP conjugate were
from Dako (Dako, Denmark). The pH value was meabuseng WTW inoLab Level 3 with terminal
Level 3 (MultiLab Pilot; Weilheim, Germany).

2.2 Melanoma Cdll lines

Primary melanoma cell lines wM4, wM9 and metastatielanoma cell lines wM12 and wM15
were obtained from Masaryk Memorial Cancer Institut Brno, Czech Republic. These lines are
considered to be stableimvitro conditions, other details in ref. No. [78].

23  Animals

The miniature pigs are housed in the Institute nirdal Physiology and Genetics of the Academy
of Sciences of the Czech Republic, Libechov. Theedarmental herd of laboratory pigs was founded by
importation of 5 animals of the Hormel strain froime USA in 1967. These animals were crossbred for
porcine blood group studies with several other dseer strains: Landrace, Large White, Cornwall,
Vietnamese pigs and miniature pigs of the Gottingegin. Different cross-breeding produced more
than 2000 descendants without any signs of melandweaertheless, a few black piglets with
melanoma had occurred in this genetically hetereges population by 1989. They originated from
mating two male brothers with four related sowseSéh parents had no visible skin tumours. The
MeLiM strain with hereditary melanoma was estaldusing selective breeding. The skin nodular
melanomas used in this study were taken from abdqB8-1/1), hind limb (E3-1/3) and back (E3-
1/4) of one highly affected animal with progresstagiours shortly before death (in age of 1 month).
Moreover, the metastases from cervical lymph n&81/5), spleen (E3-1/6), lungs (E3-1/7) and liver
(E3-1/8) were analysed.

2.4  Patients with malignant melanoma

Blood serum samples were obtained from the Depattned Clinical Biochemistry and
Pathobiochemistry, @ Faculty of Medicine Charles University, Czech Rafu The sample was
prepared by heat treatment and solvent precipitatio
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2.5  Preparation of biological samplesfor electrochemical analysis

The harvested cells or animal tissue (app. 0.2egewransferred to a test tube and then deep frozen
by liquid nitrogen to disrupt cells. The frozen Iselvere mixed with extraction buffer (100 mM
potassium phosphate, pH 8.7) to a final volume ofmlland homogenised using hand-operated
homogenizer ULTRA-TURRAX T8 (IKA, Germany) placed an ice bath for 3 min at 25,000 rpm
[79]. The homogenate was centrifuged at 10 000 d%amin and at 4°C (Eppendorf 5402, USA).

The processed cells or tissues, or blood serumlsamre prepared by heat treatment. Briefly, the
sample was kept at 99 °C in a thermomixer (Eppdn8480, USA) for 15 min. with occasional
stirring, and then cooled to 4 °C. The denatureaddgenates were centrifuged at 4 °C, 15 @dr 30
min. (Eppendorf 5402, USA). Heat treatment effedindenatures and removes high molecular weight
proteins out from samples [80].

2.6  Apparatus
2.6.1 Electrochemical measurements

Electrochemical measurements were performed with TALAB Analyzer (EcoChemie,
Netherlands) connected to VA-Stand 663 (MetrohmijtZnland), using a standard cell with three
electrodes. A hanging mercury drop electrode (HMBh a drop area of 0.4 nfrwas employed as
the working electrode. An Ag/AgCI/3M KCI electroderved as the reference electrode. Glassy carbon
electrode was used as the auxiliary electrode. drowothing and baseline correction the software
GPES 4.9 supplied by EcoChemie was employed.

2.6.2 Adsorptive transfer stripping technique d#fgial pulse voltammetry Brdicka reaction of MT

Principle of the adsorptive transfer stripping t@goe (AdTS) is based on the strong adsorbing of
the target molecule on the electrode surface atpam electrode circuit [81]. The electrode is washe
in a rinsing buffer. The electrode is further trf@nsed to the supporting electrolyte and measurée.
Brdicka supporting electrolyte containing 1 mM Ce{f)Cl; and 1 M ammonia buffer (Nitaq) +
NH,4CI, pH = 9.6) was used; surface-active agent wasdded. The samples of the MT were reduced
before each measurement by 1 mM tris(2-carboxygthgkphine addition according to [46,56]. AdTS
DPV Brdicka reaction parameters were as followsnéral potential of —0.35 V, an end potential 81.
V, a modulation time 0.057 s, a time interval 0,2asstep potential of 1.05 mV, a modulation
amplitude of 250 mV, ks= 0 V. AdTS DPV parameters were as follows: atiaghpotential of —1.2
V, an end potential —0.3 V, a modulation time 0.85a time interval 0.2 s, a step potential of 1.05
mV, a modulation amplitude of 250 mVad= 0 V. All experiments were carried out at 4 °@Ql&bo
F12, Germany).

2.6.3 Dot Immunobinding Assay (DIA)

For immunobinding assay the PVDF membrane (Bio-Ra) used. The sample (1 pl) was applied
and dried. Further the membrane was blocked in ZA B PBS (137 mM NacCl, 2.7 mM KCI, 1.4
mM NaH,PQO,, 4.3 mM NaHPO, pH 7.4) for 0.5 h with constant shaking. The ipetion with
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primary antibody in dilution of 1:200 was carriedtdor 1h at 37 °C. After the three times repeated
washing in 0.05% PBS-T for 5 min the membrane wasbated in the presence of secondary antibody
in dilution 1:1500 for 1h at 37 °C. Then the menmeravas washed three times in 0.05% PBS-T for 5
min and incubated in chromogenic substrate (0.4mMYAEC (3-aminoethyl-9-carbazole) in 0.5 M
acetate buffer with 0.1 % J@,, pH 5.5). After the sufficient colouring the react was stopped by
rinsing in water. The dot intensity was evaluatezhgitometricaly by Biolight software (Vilber-
Lourmat).

2.6.4 Cell counting

Counting of BY-2 suspension cells was carried osingl a Fuchs-Rosenthal haemocytometer
(Germany). Aliquots of suspension were diluted widstilled water and loaded into the
heamocytometer according to the instructions of thanufacturer. Thecounting of cells was
performed manually using a microscope (Olympusadap

2.7  Satidtical analyses

Data were processed using MICROSOFT EXCEL® (USAdsUts are expressed as mean + S.D.
unless noted otherwise. Statistical significancethef differences between MT level quantified in
control and melanoma samples was determined. Biftars with p < 0.05 were considered significant
(t-test was applied for means comparison).

3. Results and Discussion
3.1 Influence of dilution and kind of real sample on MT signal

Based on the abovementioned results we attemptéavéstigate the influence of a real sample
naturally containing surface active agents and NaOCat2 peak height. The investigation was carried
out measuring by differently diluted samples ofdalcserum or blood of healthy volunteer prepared
according to procedure described in “Material anetiMds” section. The samples were diluted by 0.2
M phosphate buffer (pH = 6.8). It clearly followm®imn the results obtained that the Cat2 peak height
enhanced with dilution of the sample up to 1 00[@ fdilution. The signal decreased in the more
dilution sample for both blood serum and blood tluéower content of MT determined (Fig. 3A).
Therefore we aimed our attention on the analysiess diluted samples (10 x, 100 x, 250 x, 500ck an
1 000 x diluted), where the composition of sampheskedly influenced the measurements. The effect
of the less diluted samples on MT determination wa®stigated by the method of MT standard
addition (100 nM MT was added to the samples). [dhvest Cat2 signal was determined at 10 and 100
times diluted samples, where, the recoveries warantl 40 %, respectively. The recoveries estimated
in the samples diluted 250 and 500 times were 557&8n%, respectively. The recovery determined in
the 1 000 times diluted samples was 90 %. Therkestery (95 %) was estimated in the 10 000 times
diluted samples, but the samples with lower contdérIT could not been analysed, if we used such
lower dilution ratio. Considering this fact and thery good ratio between recovery and signal height
000 times dilution of samples was chosen the matdtse for determination of MT level in biological
samples (Fig. 1A).
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Figure 1. Influence of the dilution of blood serum and bloanl the Cat2 peak height
(A). Dependence of Cat2 peak height on concentrafidAT prepared with 1 000 times
diluted blood serum sample, 50M NaCl and 0.2 M, pH 6.8 phosphate buffer.
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In the following experiments the Cat2 peak heigtpehdences on MT concentration (1, 5, 10, 20,
40, 60, 80 and 100 nM) were measured, whereas Thevdking solutions were prepared with various
types of solutions (1 000 times diluted melanomagda, phosphate buffer and NaCl 500 uM). The
calibration curve of MT prepared with phosphateféuf0.2 M, pH 6.8) was linear with equation of y
= 0.0888x + 0.9405, R= 0.9903 (Fig. 1B). If we investigated the changkthe Cat2 peak height of
MT prepared with melanoma sample 1000 times dilwgth phosphate buffer, the obtained
calibration curve was linear (y = 0.7115x + 1.0881= 0.9929). When the matrix of biological sample
was present, the slope of the studied concentrdeépendence was more than 8 times higher compared
with the dependence measured with the sample m@p@th the phosphate buffer (Fig. 1B). This begs
the question whether the observed Cat2 signalaserean be associated with the higher concentration
of ions e.g. NaCl (higher ionic strength). Therefotihe different concentrations of NaCl were added
(100, 500 and 1 000 uM) to the MT standard (100 pképared with the phosphate buffer. All NaCl
additions resulted in the increase of Cat2 peaghteNaCl of 500 uM concentration was chosen to
prepare the calibration curve. The dependencermtaivas linear y = 0.3867x - 0.028% R0.9922.

The slope of the dependence is four times higherpeoed to the dependence of MT prepared with
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phosphate buffer (Fig. 1B). Based on the resultaioed the higher ionic strength due to presence of
NaCl well mimic the affecting of Cat2 peak heigltrbal sample composition.

Figure 2. The change of Cat2 peak height with increasing taodfircells of cell line
wM12 (5, 10, 100, 300 and 600 x*0The different cell counts were diluted and
homogenized in resulting volume of 100 A)(The dependence of Cat2 peak height on
cell counts from 0 to 15 thousands cel®).(MT content at single cell lines. Ten
thousands of the cells was homogenized in 100 pphasphate buffer and then
analyzed. The concentration was derived from tlibregion curve C).
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3.2 Detection of MT in tumour cell cultures

The optimized electroanalytical method was furtlidized for MT determination in various types
of biological samples. Primarily we determined MT tumour cell lines the primary cell culture of
malignant melanoma and melanoma cell culture ddrivem metastases. The samples of four cell
lines (wM4, wM9, wM12 and wM15) were diluted on Icebunts of 5 000, 10 000, 100 000 and
600 000 cells in 100 ul and prepared accordingrezgrure mentioned in “Materials and Methods”
section. The dependence of Cat2 peak height omuaeiber for line wM12 is shown in Fig. 2A. The
dependence obtained has a maximum at 100 000 inell&e sample. At higher cell count the MT
signal was about 15 % lower compared to Cat2 sigb#&ined for 100 000 cells (Fig. 2A). This
phenomenon can relate with non-linear responséne@fmethod on high content of MT. If the cell
number was lower than 100 000, the linear decrefskee Cat2 signal was observed. Therefore the
changes of Cat2 peak height with increasing celintavithin the range from 0 to 150 000 were
measured at all cell cultures used in our experimgwM4, wM9, wM12 and wM15). The
dependences obtained were lineaM@: y = 0.001x + 0.8073, R= 0.9829:wM9: y = 0.0026x -
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0.1156, B = 0.9999:wM12: y = 0.0028x + 0.494 R= 0.9981:wM15: y = 0.0014x + 1.5362, R=
0.9751), see in Fig. 2B. By dilution of the samphesestimated the lowest count of the cells, weewer
able to quantify, particularly for wM4: 50 cellsM®: 7 cells, wM12: 5 cells, and for wM15: 23 cells
in 100 pl. On the account of the fact that all seem@nalysed were diluted 1 000 times as optimized
above, the detection limit of the cell count detewed can be estimated as 0.005 - 0.05 of a cell.
Moreover the metallothionein content in single melaa cell lines was determined at cell count of 10
000. The metallothionein content varied within thage from 4.2 to 11.2M. The lowest content of
MT (4.2 uM) was determined at the cell line wM4, the high@st.2uM) at the cell line wM12 (Fig.
2C). The contents of MT determined at the celldimesre significantly higher (p < 0.05) compared to
control cells without symptoms of tumour transfotioa, in which MT levels were very low (1.5 + 0.1

uM).

Figure 3. MT content in malignant melanoma localized on abeojback limb and
dorsum of the MeLiM minipig; in inset: photograpbiyMeLiM piglet (A). MT content
in metastases from cervical lymph node, spleergdwand liver B).
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3.3  Metallothionein content in minipig melanoma tissues

At the Institute of Animal Physiology and Genetics Libechov, Czech Republic, the MeLiM
(Melanoma-bearingd.ibechovMinipig) strain with hereditary melanoma has bedatdshed [82,83].
A high tumour incidence (in 57% of animals), typigmogressive growth (about 34% animals die
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usually within the first 2 months of age), devela@mnn of metastases in distant organs, and the
existence of various multiple pigment lesions (masuperficial spreading melanoma and nodular
melanoma) make the MeLiM strain a good model of Anmisease [82,84-89].

Melanoma tissues from one highly affected MeLiM Igigaken shortly before the death due to
tumour progression (age 1 month) were used instiidy (inset in Fig. 3). Three primary skin nodular
melanomas and samples from the cervical lymph reodk visceral organs with metastases (liver,
lungs, and spleen) were analysed. Using AdTS DR{icBa reaction it was possible to determine the
MT content in the sampled tissues. We found out tte average MT content in the tissues samples
from malignant melanomas localized on abdomen, batkand dorsum was of 370 + @§§-g* of the
tissue (Fig. 3A). Each measurement was performedphcates; the relative standard deviation was
not higher than 10 %. The melanoma metastasespresent in the most of organs such as the liver,
spleen and lymph nodes. The samples of metastagégh( from 50 to 100 mg) were prepared by
preparation needle and processed according theegwoe mentioned in “Materials and Methods”
section. The MT levels determined in metastasepleen, lungs and liver were within the range from
40 to 160ug-g* of the tissue, the average level was 110 @@’ of the tissue (Fig. 3B). The MT
level in metastases was 3-times lower than in pginb@mours. This phenomenon can be associated
with poor resolution of metastatic tissue, becahsesize of metastases was a few millimetres only.
Nevertheless MT level at both melanomas and thetastases were significantly higher (p < 0.05)
compared to MT level in a healthy tissue. The MVelein healthy tissues is not higher than 10-20
ug-g* of the tissue.

3.4  Determination of metallothionein from the patients with melanoma

Based on the previously published data MT couldcbesidered as a potential prognostic and
diagnostic marker of tumour diseases [2,8,13]. Thuetallothionein gene has been intensively
studying. We can recognize the DNA sequence wheream find a promoter region called as MRE
(Metal responsible element) and MT coding sequehibe.MT genes are consisted from several exons
(e.g. MT2 gene is consisted from five exons). MThick is translated from a MT gene, controls
homeostasis of metal ions, thereby, could influeartexpression of number of other genes (e.g TP53),
which could lead to a cell proliferation and toancer [90]. In addition the DNA region called MRE
could be influenced not only by metal ions but dkgobiological active proteins. It could be assume
also that transcription and/or translation of MTikcbbe changed by different expression of otheegen
(an influence on responsible elements of GRE ardRi). On the other hand the influence of number
of proteins, heavy metals and others compoundgeowtsses on the elements have not been proved.

Skin melanoma is the most frequently occurring tgbehe melanoma. The mucous membrane
melanoma is very rare. In spite of relatively lomcidence of the uveal melanoma, it is the most
occurred tumour disease of eye. The incidence damiena increases assiduously both at men and
women. It occurs practically throughout the whoteductive age with the highest incidence from 30
to 70 years. The high attention has been payinisomalignancy due to its histological origin. The
investigations are especially aimed on its relatordifferent cells of immune system. Recently the
studies evaluating the level of metallothionein #mel progression of the disease have been published
[25,28,30]. The relation between the increased BVEl in blood and markedly worse prognosis (the
shortening of survival time) has been also stuf2&1].



Sensors 2008 8 3115

Here, we determined the MT level in blood serunpatients with skin malignant melanoma. The
samples from five patients were obtained. The sasplere processed according to procedure
mentioned in “Materials and Methods” section. Weavimterested in the issue if the immunological
methods allow us to detect MT in the samples. ODPYhembrane blood samples of the patients with
malignant melanoma and healthy volunteers in sdifations were applied. The developing of colour
reaction was possible to detect only at patienth wimour in concentrated and 10 times diluted
sample (Fig. 4A). MT level in healthy volunteer®ddl serum samples was under detection limit of
immunochemical method. Moreover the immunologiegkdtion indicates clearly the MT presence in
serum of patients with melanoma, but its quantiiicausing this method is rather difficult.

Figure 4. Immunological detection of MT on PVDF membrane, ginvolume: 1 pl,
visualization: AEC Q). Typical DP voltammograms of blood serum fromigyats with
malignant melanoma (patient 1, 3 and B).(MT content in patients with malignant
melanoma, in inset: MT level at healthy persons: (80) and patients with malignant
melanoma (n = 5)@). The samples were processed according to proeedantioned
in “Materials and Methods” section. The measurenadrd pl of 1 000 times diluted
sample by 0.2 M phosphate buffer (pH 6.8) was peréal by AdTS DPV Brdicka
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For the purpose to detect MT in blood serum sampiiéalthy volunteers Brdicka reaction is very
advantageous allowing us a quick and relativelycipee MT quantification. Based on the
abovementioned data the sample was 1 000 timeedihy the phosphate buffer (0.1 M, pH 6.8) and
consequently analyzed by AdTS DPV Brdicka reactioypical DP voltammograms are shown in Fig.
4B. The signals of MT were well developed in alltasbed voltammograms. Each analysis was
repeated five times. The relative standard dewviatiiol not exceed 3 %. The average MT level in the
patients samples was 3.0 + QuBl, whereas MT level at 5 patients was higher thaiMland at 4
patients the MT level exceeded theud (Fig. 4C). The MT level determined at cancer patiemas
higher in comparison to control group (0.8 + QM). The difference between the MT level in blood
serum of patients with malignant melanoma and obgnoup is more than 70 % (100 % refers to MT
concentration of 3M), which is significant at p < 0.05. The mentiongldctroanalytical method is a
promising analytical tool for the determination\dT level at patients with tumour diseases.

4. Conclusion

Great attention on analytical determination of mi# and proteins is paid. Electrochemical
methods represent an excellent tool for such studis we report in the paper, adsorptive transfer
stripping technique coupled with differential pulgeltammetry Brdicka reaction can be used for
quantification of metallothioneins in cells, tissuend blood serum samples. The level of theseipsote
as possible tumour disease markers in melanomaamd tissues, and blood serum from patients with
melanoma was significantly enhanced compared to-nmalignant samples. Employing of this
electrochemical method in clinical practise seewriset very promising.
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