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Electrophoretic fingerprint metallothionein
analysis as a potential prostate cancer
biomarker

Prostate-specific antigen (PSA) is a routinely used marker of prostate cancer; however, the
cut-off values for unambiguous positive/negative prostate cancer diagnoses are not
defined. Therefore, despite the best effort, certain percentage of misdiagnosed cases is
being recorded every year. For this reason, search for more specific diagnostic markers is of
great interest. In this study, systematic comparison of PSA and metallothionein (MT)
levels in blood serum of 46 prostate cancer-diagnosed patients is presented. It is clearly
demonstrated that PSA levels vary significantly and despite normal total PSA values in the
range of 0 — 4 ng/mL were obtained in over 36.9% of cases, positive prostate cancer was
diagnosed by biopsy. In contrary, MT levels were considerably elevated in all tested
samples and no significant variations were observed. These results are indicating the
potential of MT as an additional prostate cancer marker reducing, in combination with
PSA, the probability of false positive/negative diagnosis. To increase the throughput of the
screening, chip-based capillary electrophoresis was suggested as a rapid and effective
method for the fingerprinting analysis of prostate cancer from diseased blood sera.
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1 Introduction

Prostate cancer (CaP) is the second most frequently
diagnosed cancer in developed countries and the third most
common cancer causing death in men. Two large trials have
been conducted to determine the impact of the preventive
screening on the treatment success. The PLCO (prostate,
lung, colorectal, and ovarian cancer screening) Trial — USA,
76 693 men, 55-74y of age — did not observe a reduction in
prostate cancer deaths in the group invited for screening;
however, the ERSPC (European Randomized Study of
Screening for Prostate Cancer) Trial — Europe, 182000
men aged from 50 to 74y — observed a statistically
significant 20% reduction in prostate cancer deaths.
Although the results of trials differ due to the variations in
studied population and protocols, it can be generally stated
that early detection of CaP significantly increases the
treatment success [1, 2]. Prostate biopsy is the most widely
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accepted method to diagnose CaP. There are several
indications for prostate biopsy including an abnormal
digital rectal examination (DRE) or serum prostate-specific
antigen (PSA) level elevation. PSA is produced by prostate
epithelial cells and belongs to the family of human
kallikreins; it is a 33-kDa glycoprotein with neutral serine
protease activity. Several isoforms of PSA with pI in the
range 6.8-7.2 are known [3]. It is present especially in acinar
lumen and semen, where its concentration is very high
(0.2-0.5 mg/mL). To get into the blood stream, PSA must
take the prostatic lumen — capillary blood barrier, which
consists from prostatic basal membrane, stroma, capillary
basal membrane, and capillary endothelial cell. In serum
PSA exists in two forms — free (fPSA, 5 — 50% of detectable
PSA) and bound to al-antichymotrypsin and o2-macro-
globulin (50 — 90% detectable PSA). Serum PSA levels have
been widely used for diagnostic purposes; however, the
false-positive and false-negative results can be obtained.
Although using PSA in combination with DRE improved
detection and CaP diagnosis, still more than 40% of the
tumors are detected in advanced local or metastatic stage [4].
Up to now, the generally accepted upper cut-off level of
4.0ng/mL tPSA was considered to be normal and levels
above this value suggested biopsy [5]; however, a number of
studies demonstrating the insufficiency of this information
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were published [6-10]. In the range from 4 to 10 ng/mL
(so-called ‘grey zone’), the most false-positive/negative
results are obtained. Nearly, 75% of men with tPSA level
in this range indicated for biopsy do not suffer from CaP
[11]. Increased tPSA level in serum may be caused by
various reasons including benign prostatic hyperplasia,
prostatitis, and urethral manipulations [12]. Conversely,
there is also a significant number of diagnosed prostate
carcinomas with a tPSA below 4ng/mL (estimated at
20-30%) resulting in undiagnosed disease [13]. tPSA has
also been found to be linked to body mass index [14, 15]
and other factors such as race [16, 17], prostatic volume [18,
19], sexual [20],] and physical activities [21]. One of the
most important factors influencing the level of serum tPSA
is the age of the patient [22]. In the work of Anderson
et al. normal level of tPSA 1.5ng/mL in the age group
40-49y, 2.5ng/mL for the group 50-59y, 4.5ng/mL for
60-69y and in the group 70-79y up to 7.5ng/mL was
determined [23].

The problem of tPSA test unreliability is being
continuously extensively monitored and reviewed [11, 22,
24-27]. Owing to the variables influencing the diagnosis,
more precise biomarkers are required to improve the
determination. In 2004 Tricoli et al. [28] summarized
prostatic cancer markers and 91 molecular compounds that
display some level of correlation with prostate cancer
presence, disease progression, cancer recurrence, prediction
of response to therapy, and/or disease-free survival. Prob-
ably, the most commonly used are sarcosine [29], a-methyl-
acyl-CoA racemase [30], and metallothionein [31-33].
Metallothioneins (MTs) are low-molecular-mass intra-
cellular proteins rich in cysteine, which are able to bind
heavy metals. Based on their high affinity for metal ions,
homeostasis of heavy metal ions is probably MT’s most
important biological function. MT can also serve as
“maintainers” of the redox pool of a cell. In mammals, MT
has been found to be involved in apoptosis, immunomo-
dulation, transcription regulation, cell proliferation, and
activation of enzymes via administration of zinc atoms to
the proteins. MT is studied as a marker for various cancer
types [34].

Prostatic tissue is a very specific in Zn** metabolism. Its
cells accumulate up to tenfold higher quantity of these ions in
comparison with other tissues. Prostate cancer is character-
ized by distinct and not very clear mechanisms, which serve
to maintain the level of Zn”". These unusual metabolizing of
Zn”" has two important consequences: the share on patho-
genesis of the disease (due to apoptosis) and increased serum
levels of thiol proteins, e.g. MTs (with potential use of these
proteins as tumor markers of this disease) [35]. During the
last decade there have been published several papers on
improving Brdicka reaction, its automation and revealing of
the mechanism of the reaction [36-39]. Moreover, the method
has been successfully employed for detection of MT in
samples from patients with various tumor diseases [36, 37,
40-44]. In all studies, the MT concentration in patient serum
is increased 5-6 folds [40, 43, 45-47].
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The aim of this article was to determine MT and PSA
(tPSA and fPSA) levels as well as content of other biologi-
cally active compound such as glutathione in serum of men
diagnosed with CaP. Also, the application of MT as an
additional CaP marker increases the reliability of diagnosis
without an invasive examination suggested.

2 Materials and methods
2.1 Group characteristic

A set of 46 patients and 6 controls has been used for this
pilot study. For the structure of the studied set, see Fig. 1.
The group of patients underwent (in chronological order) a
DRE, serum tPSA determination, and transrectal needle-
core biopsy. DRE was positive in cca one-quarter of the
patients and therefore indicated this group for further
diagnostic procedures. Bioptic and histological examination
was performed at the Department of Pathological Physiol-
ogy, Faculty of Medicine, Masaryk University. Age of
patients ranged from 48 to 78y with an average of 62.7y.
Histologically, all patients had acinar adenocarcinoma of
varying degrees of differentiation [48]. None of the patients
had metastases in local lymph nodes or in distant lymph
nodes, bones, or in another location. Subsequently, two
months after the histological confirmation the blood
samples were drawn and processed within 2 h and preserved
deep-frozen at —80°C. When taking samples, none of the
patients suffered from any infectious disease, or acute
ongoing inflammatory process. The samples were primarily
intended for routine biochemical tests at the Department of
Pathological Physiology, Faculty of Medicine, Masaryk
University. Serum was separated by centrifugation at
4000 x g for 10 min. For further investigations only sera
non-used for routine biochemical tests were used. The
samples were stored in —80°C until assayed. Collection of
the samples was approved by the Ethical commission of
Faculty Hospital Brno.

2.2 Sample preparation for electrochemical analysis

The samples of blood serum were denatured at 99°C in a
thermomixer (Eppendorf 5430, Germany) for 15 min with
shaking and centrifuged at 4°C, 15000 x g for 30 min.
(Eppendorf 5402). Heat treatment effectively denatures and
removes thermolabile and high-molecular-weight proteins
from samples [49]. The prepared samples were used for all
MT and GSH analyses.

2.3 Differential pulse voltammetry — Brdicka
reaction

Differential pulse voltammetric measurements were
performed with 747 VA Stand instrument connected to
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6 controls

low-differenced acinar prostatic
adenocarcinoma

n =20, age 62.5 + 8.3, 2 smokers, 1
stop smokers, 10 PSA normal, 5
PSA grey zone, 5 PSA pathological

middle differenced acinar
prostatic adenocarcinoma

n = 14, age 63.1 + 4.1, 1 smokers, 2
stop smokers, 5 PSA normal, 5 PSA
grey zone, 4 PSA pathological

acinar prostatic
adenocarcinoma

n = 12, age 63.8 + 7.4, 3 smokers, 2
stop smokers, 3 PSA normal, 6 PSA
grey zone, 3 PSA pathological

healthy men

n = 6, age 56.7 = 5.3, 0 smokers, 6
PSA normal

low-differenced acinar prostatic
adenocarcinoma

Comorbidities: HN 9, HLP 4, ISCH 1,
Glaucoma 0, DM 0, PAD 0,
No comorbidities 4

middle differenced acinar prostatic
adenocarcinoma

Comorbidities: HN 8, HLP 4, ISCH 1,
Glaucoma 1, DM 0, PAD 1,
No comorbidities 2

acinar prostatic
adenocarcinoma

Comorbidities: HN 7, HLP 3, ISCH 1,
Glaucoma 1, DM 0, PAD 1,
No comorbidities 1

*6 patients were excluded due to lack of medicinal information

HLP — Hyperlipidemia

HN - Hypertension

THD - Ischaemic heart disease

DM - Diabetes mellitus

PUD - Peptic ulcer disease

PAD - Peripheral artery disease

ICHDK - Peripheral artery occlusive disease

Figure 1. Characteristics of entire studied cohort. *The samples were excluded due to lack of information.

746 VA Trace Analyzer and 695 Autosampler (Metrohm,
Switzerland), using a standard cell with three electrodes and
cooled sample holder (4°C). A hanging mercury drop
electrode was the working electrode. An Ag/AgCl/3 M KCl
electrode was the reference and glassy carbon electrode was
the auxiliary. For data processing GPES 4.9 supplied by
EcoChemie was employed. Brdicka supporting electrolyte
containing 1 mM Co(NHj3)6Cl; and 1M ammonia buffer
(NH3(aq) +NH,CI, pH =9.6) was used. The parameters of
the measurement were as follows: initial potential of —0.7 V,
end potential of —1.75V, modulation time 0.057 s, time
interval 0.2's, step potential 2mV, modulation amplitude
—250mV, E,qs=0V. All experiments were carried out at
temperature 4°C employing thermostat Julabo F25 (Labor-
technik GmbH, Germany) [37, 50].

2.4 Determination of low-molecular-mass thiols

High-performance liquid chromatography with electroche-
mical detection (HPLC-ED) system consisted of two solvent
delivery pumps (Model 582 ESA, Chelmsford, MA, USA),
Zorbax Eclipse AAA Column (4.6 X 150 mm 3.5-um particle
size; Varian, CA, USA) and a CoulArray electrochemical
detector (Model 5600A, ESA, USA). The sample (30 uL) was
injected using autosampler (Model 540 Microtiter HPLC,

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ESA, USA). HPLC-ED experimental conditions were as
follows — mobile-phase compositions: A: 80 mmol/L tri-
fluoroacetic acid and B: methanol which were mixed in the
gradient from 3% B in 1st min, 10% B in 2nd-6th min and
98% B from the 7th min of the 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 [51, 52]. In the
case of real sample measurements, the shift of the retention
time was about +2%.

2.5 Total protein quantification — Biuret method

Total protein content in the samples was determined using
the automated chemical analyzer BS-200 (Mindray, China).
Reagent and sample handling was controlled by BS-200
software (Mindray). The commercially available kit from
Diagon (Hungary) was used. The standard calibration curve
was prepared from BSA (bovine serum albumin) by diluting
from stock solution at a concentration of 1 mg/mL within
the concentration range from 0.97 to 1000 pg/mL in 0.1 M
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phosphate buffer pH 7.0. To the 180 pL of the Biuret kit
solution 45 pL of the sample was added. The solution was
mixed and incubated for 10 min at 37°C. The absorbance
was measured at 510 nm.

2.6 tPSA and fPSA determination

Total PSA and fPSA was determined by immunochemical
analyzer AIA 600 II (Tosoh, Japan). AIA 600 II is specifically
designed for measurement of immunochemical parameters
in Dbiological fluids using reagents of AIA-PACK series.
Analyses were carried out according to the manufacturer’s
instructions. The instrument was calibrated using AIA-
PACK Calibrator set using 6-point calibration (Tosoh). All
reactions are performed in the special disposable test cups
containing dried and lyophilized reagents. Immunochem-
ical antigen-antibody reaction is employing magnetic
particles (1.5mm). Samples are incubated at 37°C.
4-Methylumbelliferyl phosphate is used as a substrate and
fluorescence corresponding to enzymatic activity on
magnetic particles is measured.

2.7 Capillary chip electrophoresis

Analyses on an automated microfluidic Experion electro-
phoresis system (Bio-Rad, USA) were carried out according
to the manufacturer’s instructions with supplied chemicals
(Experion Pro260 analysis kit, Bio-Rad). A sample (4 uL) was
mixed either with 2 pL of non-reducing (NC) sample buffer
or 2pL of reducing (RC) sample buffer (30 uL of NC
sample buffer and 1 pL f-mercaptoethanol), and after 4 min
boiling, 84 uL of water was added. After the priming
of the chip with the gel and gel-staining solution in the
diluted priming station sample, the mixture (6pL)
was loaded into the sample wells. The Pro260 Ladder
included in the kit was used as a standard. For operation and
standard data analysis Experion software v. 3.10 (Bio-Rad)
was used.

2.8 SDS-PAGE and Western blotting

The electrophoresis was performed according to Laemmli
[53] using a Mini Protean Tetra apparatus with gel
dimension of 8.3x7.3cm (Bio-Rad). First 15% m/V
running, then 5% m/V stacking gel was poured. The gels
were prepared from 30% m/V acrylamide stock solution
with 1% m/V bisacrylamide. The polymerization of the
running or stacking gels was carried out at room
temperature for 45 or 30 min, respectively. Prior to analysis
the samples were mixed with non-reduction sample buffer
in a 2:1 ratio. The samples were boiled for 2 min, and then
4 pL of the sample was loaded onto a gel. For determination

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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of the molecular mass, the protein ladder ““Precision plus
protein standards” from Biorad was used. The electropho-
resis was run at 150 V for 1 h (Power Basic, Bio-Rad) in Tris-
glycine buffer (0.025M Trizma-base, 0.19 M glycine, and
3.5mM SDS, pH =8.3). Silver staining of the gels was
performed according to Oakley et al. [54].

After the electrophoretic separation the proteins were
transferred onto a PVDF membrane by using Biometra
Fastblot apparatus (Biometra, Germany). PVDF membranes
were activated by soaking in methanol for 30s prior to
blotting. Further, the membrane was equilibrated for 5 min
in blotting buffer (12.5 mM Tris-base, 75 mM glycine, and
15% v/v methanol). The blotting sandwich was composed of
three layers of filter paper soaked in blotting buffer,
membrane, polyacrylamide gel, and additional three layers
of soaked filter paper. The blotting was carried out for 1 h at
a constant current of 0.9 mA for 1cm? of the membrane.
After the transfer, the membrane was blocked in 1% BSA in
PBS (137 mM NaCl, 2.7 mM KCl, 1.4 mM NaH,PO,, and
4.3 mM Na,HPO,, pH 7.4) for 30 min. The incubation with
chicken primary antibody in dilution of 1:500 in PBS with
0.1% of BSA was carried out for 12 h at 4°C. After the three
times repeated washing with PBS containing 0.05%v/v
Tween-20 (PBS-T) for 5 min the membrane was incubated
in the presence of secondary antibody (rabbit anti-chicken
labelled with horseradish peroxidase, Sigma-Aldrich, USA
in dilution 1:5000) for 1h at room temperature. Then, the
membrane was washed three times with PBS-T for 5 min
and incubated with chromogenic substrate. Three
chromogenic substrates for horseradish peroxidase were
tested (0.4 mg mg/mL AEC - 3-aminoethyl-9-carbazole in
0.5M acetate buffer with 0.1% H,0,, pH 5.5), after the
adequate development the reaction was stopped by rinsing
with water. The procedure was adopted from work of
Krizkova et al. [42].

2.9 Descriptive statistics

Data were processed using MICROSOFT EXCEL® (USA),
MATLAB and STATISTICA.CZ Version 8.0 (Czech Repub-
lic). The results are expressed as mean + standard deviation
(SD) unless noted otherwise (EXCEL®). Statistical signifi-
cances of the differences were determined using STATIS-
TICA.CZ. Differences with p<0.01 were considered
significant and were determined by using T-test, which
was applied for means comparison.

The measured data were analyzed using clustering
method with Gaussian mixture model. Gaussian mixture
models form clusters by representing the probability density
function of observed variables as a mixture of multivariate
Gaussian densities. Data objects are fit to data using an
expectation maximization algorithm, which assigns poster-
ior probabilities to each component density with respect to
each observation. Clusters are assigned by selecting the
component that maximizes the posterior probability.
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Gaussian mixture modeling uses an iterative algorithm that
converges to a local optimum.

3 Results and discussion
3.1 Tested cohort characteristics

In our study, sera of 46 patients suffering from CaP were
analyzed. Histologically, all patients had acinar adenocarci-
noma of varying degrees of differentiation. The Gleason
score ranged from 5-9, i.e. moderate to poorly differentiated
tumors. Age of patients ranged from 48-78y with an
average of 62.7y. Staging of the tumor ranged from 1c—4,
i.e. bioptically detectable to large fixed or invading tumors.
None of the patients had metastases in local lymph nodes or
in distant lymph nodes, bones, or in another location.
Following comorbidities typical for patient’s age were found:
hyperlipidemia, hypertension, ischaemic heart disease,
diabetes mellitus, and peripheral artery disease. Only 15%
of patients did not suffer from any comorbidity. For the
structure of the studied set of patients, see Fig. 1.

3.2 Biomarker determination

3.2.1 PSA determination

The entire cohort had serum tPSA value before biopsy,
ranging from 0.56 to 19.46ng/mL with an average of

6.65 ng/mL and median 5.89 ng/mL Part of the patients was
indicated for further examinations due to tPSA velocity

Electrophoresis 2011, 32, 1952-1961

higher than 0.5 ng/mL/year. Biopsy followed one month
after elevated tPSA was detected. tPSA values obtained for
the control group ranged from 0.30 to 1.29ng/mlL.
Statistically processed results are shown in Fig. 2A. As
demonstrated in the literature [55, 56], the ratio of {PSA
and tPSA level may significantly improve the diagnosis.
Therefore, fPSA was determined in the whole file to
complement the levels of tPSA and MT. It was observed
that average percentage fPSA (% fPSA) across the whole
file was 15.4% fPSA and the value for control group was
35% fPSA.

3.2.2 Metallothionein determination

In the whole cohort MT level ranged from 1.59 to 2.70 uM
with average and median of 2.12 and 2.07 pM, respectively.
In the control group consisting of 6 men MT levels were in
the range from 0.55 to 0.89 uM. This value corresponds to
the literature value obtained for a group of healthy
individuals (0.51+0.2uM) [47]. Statistically processed
results are shown in Fig. 2B.

As shown in Fig. 2C, no direct correlation between tPSA
and MT level was found; however, statistically significant
difference between patients and controls has been observed.
The Gaussian mixture model cluster method composed of
two compact and well-defined clusters assigned to control
and patient data (see Fig. 2C). Both clusters can be clearly
distinguished by visual inspection. Formally, a simple
manifold (line) can be easily put in 2D space to separate the
clusters. Centroid (center of weights) of control data was
[MT; tPSA] =[0.66; 0.68] (uM; ng/mL), centroid of patient

patients

Figure 2. (A) Average value of tPSA for the
entire cohort as well as for the control group
(including standard deviation), (B) average
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value of MT for the entire cohort as well as
for the control group (including standard
deviation) and (C) statistical correlation
between tPSA and MT levels.
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data was [MT; tPSA]=1[2.12; 6.31] (uM; ng/mlL). Cluster
centroids are marked by ® sign in Fig. 2C. To support the
finding, simple statistics was computed on MT and tPSA
data. MT increased from 0.66+0.15uM to 2.12+0.31 uM
(see Fig. 2B) when tPSA increased from 0.68 +0.39 ng/mL
to 6.31+4.62ng/mL (Fig. 2A). Further, two-tailed t-test of
the null hypothesis that data in control and patient clusters
are independent random samples from Gaussian distribu-
tions with equal means and unequal unknown population
variances was performed against the alternative that the
means are not equal. The hypothesis was rejected at 1%
significance level (p = 0.01) for MT as well as tPSA.
According to the diagnostic criteria tPSA level in the
range 0—4ng/mL is considered to be physiological, tPSA
level in 4-10 is considered to be suspect for CaP and level
above 10ng/mL is considered to be pathological with
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respect to age. Patients were divided into three main cohorts
according to the tPSA level meeting the physiological,
suspect and pathological values 0-4ng/mL (n=17),
4-10 ng/mL (n = 16) and >10ng/mL (n = 13). In all groups
CaP was diagnosed bioptically in various stages of diffe-
rentiation (see Fig. 1). The average concentrations of studied
analytes for each set are plotted in Fig. 3A. Although normal
tPSA values were determined in first group, MT levels were
significantly elevated (p = 0.05). False-negative result in this
group clearly demonstrates the unreliability of tPSA as a
CaP marker and the necessity of additional information.
Especially in this group examination of MT level as a simple
non-invasive method can help to disclose a false-negative
diagnosis, which is essential for successful therapy. In grey
zone, where the elevated tPSA levels can be attributed to the
age, examination of MT level can resolve the diagnosis

C
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Figure 3. (A) Average concentrations of tPSA, MT, fPSA and GSH/GSSG ratio for the file divided into groups 0-4 ng/mL tPSA, 4-10 ng/mL
tPSA and 10+ng/mL tPSA, (B) average values of tPSA, MT,fPSA and GSH/GSSG ratio grouped according to the age of patients,
(C) relationship between concentration of tPSA, MT and fPSA and comorbidities in groups — acinar adenocarcinoma, low-differentiated
acinar adenocarcinoma and middle-differentiated acinar adenocarcinoma. The error bars indicate variability of the obtained levels

among the patients.
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without the need for additional invasive examination. The
significant difference between MT level of tested patients
and control cohort leads to the conclusion that elevated MT
value indicates certain health problem and in combination
with tPSA as well as fPSA can considerably improve the
diagnosis. As expected, tPSA and fPSA values are increasing
with age (see Fig. 3B); however, the MT levels are age
independent.

3.3 Influence of comorbidities

As mentioned earlier, number of comorbidities such as
hyperlipidemia, hypertension, ischaemic heart disease, and
peripheral artery disease were found in the tested group of
patients. Only 15% of patients did not suffer from any
comorbidity. In Fig. 3C patients are grouped according to
the tumor stage — acinar adenocarcinoma, low-differentiated
acinar adenocarcinoma and middle-differentiated acinar
adenocarcinoma. In these groups levels of tested biomarkers
for selected comorbidities are plotted. The significant
variations of tPSA levels across the whole file complicate
the diagnosis; however, it does not exhibit any systematic
trend in dependence on age, smoking, comorbidities, and
tumor differentiation. It is apparent that no definite
conclusion can be made on the relationship between tPSA
level and abovementioned factors due to the size of the
studied file. On the other hand, MT levels were significantly

Electrophoresis 2011, 32, 1952-1961

elevated in the whole file, with no considerable variations,
indicating its independency on the tested factors. No
correlations with age, comorbidities, and surprisingly even
with smoking were found.

3.4 Glutathione and other thiol compounds

Low-molecular-mass thiol compounds including glutathione
(GSH) are maintaining the redox pool in the cell. Particularly,
GSH plays a key role in cell homeostasis and it is considered
as a marker of the oxidative damage. GSH serves as free-
radical scavenger and helps regenerate other antioxidants
such as ascorbic acid and vitamin E [57]. Augmented GSSG
levels and GSSG/GSH ratio are often suggestive of a state of
oxidative stress [58]. Low level of GSH, high level of GSSG,
and a lower GSH/GSSG ratio have been found in blood from
patients with various pathologies such as diabetes, HIV, and
cancer [59]. It is known that cancer cells exhibit different
levels of antioxidants and have more intensive metabo-
lism, so shifted GSH and GSSG ratio can be expected
[60-64].

Normal serum ratio GSH/GSSG is 9:1, lower value
indicates oxidative stress [65-67]. In the tested group,
significant oxidative stress was observed because 85% of
patients had GSH/GSSG ratio even lower than 4.5:1. This
observation is consistent with previously published articles
[60-64]. The emergence of the oxidative stress and relations
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Figure 4. (A) Capillary chip electropherograms of blood sera from patients and control individuals, the arrow indicates the observed
differences; arrow indicates position of CaP peaks, in inset: comparison of the samples under RC and NC conditions, detail of the RC
electropherogram with significant differences indicated as CaP 1, 2, 3. (B) Virtual gel output from chip capillary electrophoretic system.
Differences between patients and control samples are indicated with arrow. (C) Western blot of the analyzed sera.
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Table 1. Results of the chip CE analysis compared with other
analyses — clinical samples

CE and CEC 1959

Table 2. Results of the chip CE analysis compared to other
analyses — control samples
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Histology: D - differentiated CaP, M — middle differentiated CaP,
L - low differentiated CaP, CaP peaks: 1 — peak present. 0 — peak
missing. CaP: d - detected, ND - not detected. tPSA: — tPSA
level below 4 ng/mL, ? — tPSA level between 4 and 10 ng/mL,+ -
tPSA level above 10 ng/mL. fPSA:+ - % fPSA below 25, - - %
fPSA above 25. MT:+ — MT level above 1uM, — - MT level below
1uM, * — low sample quality.
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level between 4 and 10 ng/mL,+ - tPSA level above 10 ng/mL.
fPSA:+ — % fPSA below 25, — — % fPSA above 25. MT:+ - MT
level above 1uM, — — MT level below 1 pM.

to the tumor diseases are not completely clarified and
therefore additional research is required.

3.5 Fingerprinting analysis by chip-based CE

In the recent work, the aggregation of MT has been
observed and the association with the tumor diseases is
under investigation [68, 69]. Owing to the high level of
oxidative stress, it can be assumed that MT aggregation
could be promoted. This hypothesis was verified by capillary
gel electrophoresis.

Capillary electrophoresis is due to the high separation
efficiency, an effective tool for analysis of complex biological
samples. Short time of analysis is beneficial for high-
throughput analyses especially in clinical laboratories.
Extremely low sample consumption is advantageous espe-
cially when limited sample volume is available. Further-
more, CE is exceptionally suitable for miniaturization and in
chip-based arrangement the time of analysis is decreased
even further to tens of seconds.

Identification of individual signals in complex samples
including blood serum requires time-consuming sample
preparation. In contrary, fingerprint analysis is an efficient
method providing the essential information. Identification
of particular peaks is not necessary, only differences in
positive and control sample are needed to indicate the
patient for the biopsy. Commercial Chip-CE instrument
utilizing optimized capillary gel electrophoresis technique
for determination of proteins was employed to analyze the
blood sera of patients.

RC and NC conditions were tested. Figure 4A shows
selected electropherograms of blood sera of patients with
different PSA levels compared with the control blood sera.
Under NC condition differences between control samples
and patients were observable. The peaks in time range from
30.5 to 33 s were observed in all analyzed samples, corre-
sponding to molecular masses from 45 to 58 kDa. The
number of peaks in the samples ranged from 1 to 3 (CaP 1,
CaP 2, and CaP 3 peaks), see inset in Fig. 4A. In controls, no
peaks were present in this time range. Figure 4B provides
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this information expressed as gel electrophoresis. In Fig. 4C
Western blotting of selected samples were performed using
chicken yolk antibodies and visualization with chromogenic
substrate [42]. It is confirmed that observed signals in the
range of molecular masses are reactive with the MT anti-
bodies suggesting the structure of MT adduct or MT oligo-
mers (MT di-, tri-, and pentamers). The presence of the
observed peaks in analyzed samples in summarized in
Tables 1 and 2. The data collected from patients (n = 46)
were statistically compared with control group (n=6) in
three parameters represented by peaks at 429, 46.8,
and 50.6kDa. Two-tailed Fisher’s exact test was used to
consider statistical significance of the hypothesis that
both groups differ in peak appearance. Fisher’s exact
test confirmed that patient and control group significantly
differ in Cap 3 (50.6 kDa) peak appearance (p<0.05). The
test also confirmed that patient and control groups
significantly differ in Cap 1 (42.9kDa) peak appearance
(p<0.1). Cap 2 (46.8kDa) peaks were not found to be a
significant marker of any difference between groups. The
data were further analyzed for concurrent presence of two
arbitrary peaks to develop a simple marker. It has been
found that two concurrent peaks were not present in any
subject of the control group, while present in 91.3% of
patients.

Although chip-CE analysis is not an unambiguous
determination of CaP it may serve as a rapid and cost-
effective indication of clinical changes in the organism and
may lead to the further examination.

4 Concluding remarks

Blood serum samples of 46 patients with CaP diagnosed and
confirmed by biopsy were tested. In this study it is clearly
demonstrated that tPSA level vary significantly and despite
normal tPSA values in the range of 0 — 4ng/mL were
obtained in over 36.9% of cases, positive prostate cancer was
diagnosed by biopsy. In contrary, MT levels were consider-
ably elevated in all tested samples comparing with control
samples and no significant variations were observed.
Obtained results demonstrate the potential of MT as an
additional prostate cancer marker increasing reliability of
determination and subsequently reducing the probability of
false-positive/negative diagnosis. To increase the through-
put of the screening, chip-based capillary electrophoresis
was suggested as a rapid and effective method for the
fingerprinting analysis of prostate cancer from diseased
blood sera. Commercially available platform was success-
fully used.
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