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Abstract. In the present study, the whole-cell patch-
clamp technique was applied to follow the inhibitory
effect of genistein — a tyrosine kinase inhibitor and a
natural anticancer agent—on the activity of voltage-
gated potassium channels Kv1.3 expressed in human
T lymphocytes (TL). Obtained data provide evidence
that genistein application in the concentration range
of 1-80 um reversibly decreased the whole-cell
potassium currents in TL in a concentration-depen-
dent manner to about 0.23 of the control value. The
half-blocking concentration range of genistein was
from 10 to 40 pm. The current inhibition was corre-
lated in time with a significant decrease of the current
activation rate. The steady-state activation of the
currents was unchanged upon application of geni-
stein, as was the inactivation rate. The inhibitory ef-
fect of genistein on the current amplitude and
activation Kkinetics was voltage-independent. The
current inhibition was not changed significantly in the
presence of 1 mm of sodium orthovanadate, a tyro-
sine phosphatase inhibitor. Application of daidzein,
an inactive genistein analogue, did not affect signifi-
cantly either the current amplitudes or the activation
kinetics. Possible mechanisms of the observed phe-
nomena and their significance for genistein-induced
inhibition of cancer cell proliferation are discussed.
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Introduction

An important role of ion channels in cancer was
proven by research in the last few years. It was shown
that ion channels, particularly potassium channels,
participate in cancer development and apoptosis
(Pardo, 2004; Wang, 2004). Potassium channel
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blockers may cause an inhibition of cell proliferation
in different cancer cell lines (Rouzaire-Dubois &
Dubois, 1990; Rouzaire-Dubois, Gerard & Dubois,
1993; Abdul & Hoosein, 2002). It is also known that
some compounds able to reverse multidrug resistance
of cancer cells, like, for example, verapamil or cy-
closporin A, inhibit the activity of voltage-gated
potassium channels (Panyi et al., 1996; Rybalchenko
et al., 2001). As a consequence, potassium channels
may be considered as a promissive target for cancer
chemotherapy (Conti, 2004).

Genistein, an isoflavone abundant in some vege-
tables, known as a potent and relatively specific
inhibitor of protein tyrosine kinase (PTK — Akiyama
et al., 1987), has been reported to be a natural anti-
cancer agent. Genistein inhibits cancer cell prolifera-
tion and promotes apoptosis in colon cancer HT-29
cells (Yu et al., 2004) and inhibits angiogenesis in
bladder cancer cells (Su et al., 2005). Genistein was also
reported to be an efficient inhibitor of multidrug
resistance-associated protein MRP1 (ABCBI1), one of
the main multidrug resistance transporters overex-
pressed in some human cancer cells (Bobrowska-
Hégerstrand et al., 2001).

It is also known that genistein inhibits the
activity of many different types of ion channels
including potassium channels. The inhibitory effect of
genistein on the channels may be due to the inhibition
of PTK—such as it occurs in case of delayed rectifier
and A-type voltage-gated potassium channels in
mouse Schwann cells (Peretz, Sobko & Attali, 1999)
and human “ether-a-go-go” related K™ channels
(Cayabyab & Schlichter, 2002). However, genistein
may also inhibit potassium channels in a PTK-inde-
pendent manner. Such an inhibition occurs in case of
cardiac delayed rectifier potassium channels (Hool,
Middleton & Harvey, 1998; Washizuka et al., 1998),
voltage-gated potassium channels in rat and rabbit
pulmonary artery cells (Smirnov & Aaronson, 1995)
and ATP-sensitive K™ channels in rabbit portal vein-
smooth muscle (Ogata et al., 1997). Finally, the
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mechanism of genistein action may also be complex
and include both the PTK- dependent and PTK-
independent pathway, such as in the case of cloned
human voltage-gated potassium channels Kvl.4
(Zhang & Wang, 2000).

To the group of voltage-gated potassium
channels affected by genistein belong also Kvl.3
channels. These channels are expressed abundantly
in human T lymphocytes (TL), where they play an
important physiological role in setting the cell
resting membrane potential, cell mitogenesis and
volume regulation (Cahalan, Wulff & Chandy,
2001; Chandy et al., 2004). Kv1.3 channels are also
involved in apoptosis of the TL cell line Jurkat
(Gulbins et al., 1997, Storey et al., 2003) and
malignant lymphocytes (Wang et al., 1992). Kvl.3
channels are also present in rat central nervous
system, especially in olfactory bulb neurons, where
they play a modulatory role in action potential
generation (Veh et al., 1995, Kupper, Prinz &
Fromherz 2002; Colley, Tucker & Tadool, 2004;).
The channels are also expressed in human alveolar
macrophages (Mackenzie, chirakkal & North,
2003), rat choroid plexus epithelial cells (Speake,
Kibble & Brown, 2004), epithelial cells from rabbit
kidney and colon (Grunnet et al., 2003), human
gliomas (PreuBat et al, 2003), melanoma cells
(Artym & Petty, 2002) and in rat prostate cancer
cell lines (Fraser et al., 2003). An expression of
voltage-dependent Kv 1.3 channels was up-regu-
lated for example in prostate and breast cancer
(Abdul & Hoosein, 2002; Abdul, Santo & Hoosein,
2003). There is also evidence that the activity of
Kv1.3 channels regulates energy homeostasis, body
weight and peripheral insulin sensitivity in mice (Xu
et al., 2003, 2004).

The evidence that genistein might affect the
activity of Kv1.3 channels came from experiments
performed by Fadool and co-workers (Fadool
et al., 1997). The authors showed that application
of 25 uMm genistein relieved the inhibition of the
currents caused by v-Src protein kinase. The effect
began after ca 7 minutes of genistein application
and was saturated after about 12 minutes. However,
the current recovery was not complete—the ampli-
tudes reached a little bit more than half of the
control value. The authors suggested that this might
probably be due to a blocking effect of genistein on
Kvl1.3 channels, however, no data about the chan-
nel inhibition by genistein was presented. In con-
trast, application of daidzein, an inactive analogue
of genistein, at the same concentration was inef-
fective. It was concluded that the relief of the v-Src-
induced current inhibition by genistein was due to
the inhibition of the protein tyrosine kinase (Fadool
et al., 1997).

Since genistein is a powerful modulator of a vari-
ety of potassium channels, it was of interest to study the
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inhibitory effect of genistein on Kv1.3 channels in de-
tail. This was the aim of our study. Because these
channels are expressed endogenously and predomi-
nantly in human T lymphocytes (Cahalan et al., 2001),
these cells were used as a model system in our experi-
ments. Obtained data provide evidence that genistein
inhibits the activity of Kv1.3 channels similarly to the
related Kvl1.4 channels (Zhang & Wang, 2000). How-
ever, the mechanism of inhibition of Kv1.3 channels in
T lymphocytes by genistein includes most probably
only the tyrosine kinase-independent pathway.
Application of daidzein did not produce any blocking
effect on the currents.

Preliminary results were published as an abstract
(Teisseyre & Michalak, 2004).

Materials and Methods

CELL SEPARATION, SOLUTIONS AND PIPETTES

Human TL were separated from peripheral blood samples from 10
healthy donors using a standard method described elsewhere
(Hirano et al., 1977). After separation, cells were cultured for at
least 24 hours in the standard RPMI-1640 Medium (SIGMA)
supplemented with 5% vol/vol fetal calf serum (SIGMA).

For experiments, the cells were placed in the external
solution containing (in mm): 150 NaCl, 4.5 KCI, 1 CaCl,, 1
MgCl,, 10 HEPES, pH=17.35 adjusted with NaOH, 300 mOsm.
The pipette solution contained (in mm): 150 KCl, 1 CaCl,, 1
MgCl,, 10 HEPES, 10 EGTA; pH=7.2 adjusted with KOH, and
osmomolarity at 300 mOsm. The concentration of free calcium in
the internal solution was below 100 nm, assuming the dissociation
constant for EGTA at pH=7.2 of 1077 M (Grissmer, Nguyen &
Cahalan, 1993). Such a low calcium concentration was applied in
order to prevent the activation of calcium-activated IKCal
channels (Grissmer, Nguyen & Cahalar 1993). The reagents were
provided by the Polish Chemical Company (POCH, Gliwice,
Poland), except for HEPES and EGTA, which were purchased
from SIGMA. Genistein and daidzein were kindly provided by
Dr.Y. Shirataki (Faculty of Pharmaceutical Sciences, Josai Uni-
versity, Sakado, Saitama, Japan). Dishes with cells were placed
under an inverted Olympus IMT-2 microscope. External solu-
tions containing genistein were applied using a fast perfusion
system RSC 200 (Bio-Logic, Grenoble, France). Pipettes were
pulled from a borosilicate glass (Hilgenberg, Germany) and fire-
polished before the experiment. The pipette resistance was in the
range of 3-5 MQ.

ELECTROPHYSIOLOGICAL RECORDINGS

Whole-cell potassium currents in TL were recorded applying the
patch-clamp technique (Hamill et al., 1981). The currents were
recorded using an EPC-7 Amplifier (List Electronics, Darmstadt,
Germany), low-pass filtered at 3 kHz, digitized using the CED
Micro 1401 (Cambridge, UK) analogue-to-digital converter with a
sampling rate of 10 kHz. A standard protocol of depolarizing
voltage stimuli containing 7 pulses in the range from —60 mV to
+60 mV (20 mV increment) was applied every 10 s; pulse duration
was 40 ms and holding potential, =90 mV. In measurements of the
time dependence of genistein application on the current amplitude
and activation kinetics, a modified sequence was applied: 7 depo-
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Fig. 1. (4) Example of the whole-cell currents in a TL, recorded applying a standard protocol of depolarizing stimuli (see Materials and
Methods). For clarity, only the first 30 ms of the records are shown. (B) Relative peak current (/) vs membrane potential obtained under

control conditions (empty squares, n = 6) and upon application of 5 mm 4-AP (filled squares, n = 6). Data points were connected with a

point-to-point line.

larizing pulses of +60 mV each were applied every 30 s, pulse
duration was 20 ms and holding potential —-90 mV. The influence of
genistein application on the inactivation kinetics was investigated
applying a different sequence containing 7 depolarizing pulses
of + 60 mV each applied every 30 s, pulse duration was 1000 ms and
holding potential =90 mV. The linear (ohmic) component of the
current was subtracted off-line from the final record. In some
experiments, a sequence containing 10 voltage ramps applied every
20 s depolarizing the cell membrane from —100 mV up to +40 mV,
ramp duration 340 ms, holding potential —90 mV, were applied.
The linear (ohmic) component of the current was subtracted off-
line from the final record. The data were analyzed using the WCP J.
Dempster Program.

The data are given as the mean + standard error. All
experiments were carried out at room temperature (22-24 °C).

DATA ANALYSIS

Since the number of active channels varied significantly among the
cell population, the steady-state activation of the channels was
presented in terms of a normalized relative chord conductance
(gKporm) defined by an equation: gK,orm = gK/gKgo, where: gK is
chord conductance, gKg is chord conductance at the membrane
potential = +60 mV. The chord conductance was calculated
according to the definition: gK = I,/(V-V\e,), where: I, = ampli-
tude of the current, ' = membrane potential, V., = reversal
potential of the current, assumed to be —75 mV. The voltage
dependence of steady-state activation was fitted by a Boltzmann
function given by an equation: gK,om (V) = 1/[I+exp—(V-V)/
kn], where —V, is the activation midpoint, k, the steepness of the
curve. The activation kinetics was fitted by applying a power
function, given by an equation: /(z) = [p[l—exp(—t/rn)]z, where 1,
is the time constant of activation.

Abbreviations: 4-AP, 4-Aminopyridine; gK, chord conductance;
gKgo, chord conductance recorded at +60 mV; gK,om, relative
chord conductance normalized to 1 at +60 mV; I, current
amplitude; 7, relative peak current; I,orm, current normalized to
1 at +60 mV; k,, steepness of the voltage dependence; PTK,
protein tyrosine kinase; TL, human T lymphocyte; V, membrane
potential; V,, activation midpoint; V., — reversal potential of the
current;t,, activation time constant.

Results

An example of the whole-cell currents recorded in a
TL applying a standard protocol of depolarizing
stimuli described in Materials and Methods is pre-
sented in Fig. 14. The currents were evoked upon a
membrane depolarization to potentials higher (i.e.,
more positive) than —40 mV. The currents were
completely blocked upon application of 5 mM 4-
aminopyridine (4-AP, Fig. 1B), which selectively
blocks Kv1.3 channels in TL (Zegarra- Moran et al.,
1999). This indicates that the recorded currents were
predominantly due to the activation of Kv1.3 chan-
nels.

Figure 2 depicts the effect of application of
40 uM genistein on the whole-cell potassium currents
recorded in a TL, applying the standard protocol of
depolarizing stimuli. Apparently, the current ampli-
tudes were reduced to less than half of the control
value (Fig. 24,B). Moreover, the current activation
was considerably slower upon genistein application
than under control conditions (Fig. 2B,D). The
inhibitory effect of genistein was reversible—a small
reduction of current amplitudes before and after
application of genistein (compare Fig. 24 and C) was
rather due to the “run-down” of the currents often
observed in cells exhibiting large whole-cell potas-
sium currents.

The steady-state activation curve obtained from
measurements carried out under control conditions
and in the presence of 40 UM genistein, plotted as a
function of membrane potential, is shown in Fig. 34.
The activation midpoint (V) value was —18.03 +
1.47 mV (n = 10) under control conditions and —
15.71 £ 2.65 mV in the presence of genistein
(n = 10). The difference between these values was
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Fig. 2. Effects of application of 40 pm genistein on the whole-cell potassium currents in TL: control recorded upon application of a standard
sequence of depolarizing stimuli (4), currents recorded in the presence of genistein (B) and after wash-out (C). (D) Normalized currents
recorded at +60 mV under control conditions and in the presence of genistein.

statistically insignificant (P > 0.05, Student’s z-test).
The steepness parameter (k,) value was 8.07 £ 1.48
mV (n = 10) for control conditions and 10.37 + 2.3
mV (n = 10) upon application of genistein. The dif-
ference was statistically insignificant (P > 0.05, Stu-
dent’s t-test). Figure 3B shows the amplitude ratio of
the currents recorded in the presence of 40um geni-
stein and under control conditions (Jgen/leirl) as a
function of membrane potential. Apparently, the
inhibition of current amplitudes by genistein was
voltage-independent in the whole range from —20 mV
to +60 mV.

Figure 44 depicts the values of activation time
constants for records obtained under control condi-
tions and in the presence of 40um genistein as a
function of membrane potential. The time constants
were markedly higher upon genistein application
than under control conditions. Figure 4B shows the
ratio of activation time constants under control

conditions and upon genistein application (T¢u1/Tgen)
as a function of membrane potential. Similarly to
what was observed for the amplitudes, the accelera-
tion of current activation rate upon genistein appli-
cation did not depend on the membrane potential in
the range from 0 to +60 mV.

The ratio of current amplitudes (/g,/ctr1) and the
ratio of activation time constants upon application of
5 um genistein and under control conditions (Tgen/
Tey1) as a function of time after genstein application
are depicted in Fig.5. It is clearly visible that the de-
crease of the current amplitude was correlated in time
with increase of the activation time constant. The
figure shows also that the inhibitory effect of genistein
was time-dependent and it reached the maximum
after about 1 minute of isoflavone application.

Figure 6 depicts the inactivation phase of nor-
malized currents recorded under control conditions
and upon application of 10 uM genistein, applying a
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Fig. 3. (A4) Steady-state activation in terms of a normalized chord conductance as a function of membrane potential: filled squares, control
condition (n = 10), empty squares, application of 40 pum genistein (n = 10). Data points were fitted by the Boltzmann function (see
Materials and Methods). (B) Current amplitude ratio as a function of membrane potential (n = 10). Data points were connected by a point-
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Fig. 4. (4) Activation time constants as a function of membrane potential: open squares, control conditions (n = 10); filled squares,
application of 40 um genistein (n = 10). (B) Time constant ratio as a function of membrane potential (n = 10). Data points in (4) and (B)

were connected by a point-to-point line.

modified sequence containing long-lasting (1 s)
depolarizing potentials from -90 mV to +60 mV.
Currents recorded under control conditions and in
the presence of genistein were nearly the same. This
indicates that the inactivation kinetics was not
changed upon genistein application.

The dose-response curve for genistein is shown in
Fig. 7. From this plot we can see that genistein at
1 um concentration inhibited the current amplitudes
to 0.61 £ 0.025 (n = 5) of control value. The cur-
rents were approximately half-blocked in the con-
centration range from 10 to 40 um. An application of
genistein at a concentration of 10 um and 40 pm

inhibited the peak current to 0.5 + 0.02 (» = 5) and
0.46 = 0.05 (n = 10) of the control value, respec-
tively. Further increase of genistein concentration up
to 80 um caused a decrease of the currents to
0.225 £ 0.06 (n = 5) of the control value.

In order to elucidate whether the inhibitory effect
of genistein was due to the inhibition of PTK or to a
PTK-independent mechanism, experiments with so-
dium orthovanadate (Naz;VO,) were performed. So-
dium orthovanadate is a potent inhibitor of the
tyrosine phosphatase (Zhang & Wang, 2000). If PTK
was involved in the genistein effect on Kv 1.3 activity,
an application of sodium orthovanadate would
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Fig. 7. Dose-response curve for genistein. Current-amplitude ra-
tios were calculated for currents recorded applying the ramp-cur-
rent protocol (see Materials and Methods) at +40 mV. Data points
were connected by a point-to-point line.

abolish the inhibitory effect of genistein. Our data
provide evidence that application of 1 mm sodium
orthovanadate alone did not influence the Kvl.3
currents in TL (data not shown). Figure 8 depicts the
current-amplitude ratios recorded upon application
of 10 um genistein and when the same concentration
of genistein was applied in the presence of 1 mm so-
dium orthovanadate. In case of genistein applied
alone, the current amplitudes were reduced to
0.5 £ 0.02 (n = 5) of the control value. When 10 pum
genistein was applied in the presence of 1 mm of so-
dium orthovanadate, the amplitudes were reduced to
0.55 £ 0.025 (n = 5) of the control value. Results
obtained upon co-application of genistein and so-
dium orthovanadate were not significantly (P > 0.05,
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Fig. 6. Inactivation of normalized currents recorded at +60 mV
applying a long-lasting (1 s) depolarizing pulse (see Materials and
Methods).
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Fig. 8. Current amplitude ratios recorded applying voltage ramps
at +40 mV in the presence of 10 um genistein (n = 5) and upon co-
application of 10 um genistein and 1 mm sodium orthovanadate
(n =5).

Student’s z-test) different from data obtained for
genistein alone. These data demonstrate that in case
of Kvl.3 channels, the inhibitory effect of genistein
occurred predominantly in a PTK-independent
manner.

Data available show that daidzein, an inactive
analogue of genistein, does not affect the activity of
Kvl.4 channels inhibited by genistein (Zhang &
Wang, 2000). Moreover, in contrast to genistein,
application of daidzein doesn’t relieve the Kvl.3
channel inhibition by v-Src tyrosine kinase (Fadool
et al., 1997). In our study, we have also examined
whether application of daidzein inhibited Kvl.3
channels. Obtained data showed that application of
40 pm daidzein did not change significantly either the
current amplitude (see Fig. 9) or the activation
kinetics (not shown) of Kv 1.3 channels in human T
lymphocytes. The relative peak current upon appli-
cation of 40 pum daidzein was 0.99 £+ 0.02 of the
control value (n = 10).
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Fig. 9. Relative peak current recorded upon application of 40 um
genistein (n = 10) and the same concentration of daidzein
(n = 10).

Discussion

The results of our study provided evidence that
application of genistein inhibits the activity of Kvl1.3
channels in human T Iymphocytes. Obtained data
suggest that this inhibition occurs in a PTK-inde-
pendent manner, first, because application of 1 mm of
sodium orthovanadate did not abolish or even
diminish the inhibitory effect of genistein. Moreover,
if the inhibitory effect involved inhibition of PTK by
genistein, it would appear only after about 7-10
minutes of genistein treatment, such as it occurs in
case of the genistein-mediated relief of the channel
inhibition by v-Src tyrosine kinase (Fadool et al.,
1997). In contrast, the inhibitory effect observed in
our experiments occurred immediately after cell
exposure to genistein and it reached a maximum after
about one minute of cell incubation with genistein.
This process of channel inhibition is one order of
magnitude faster than the process of modulation of
Kv 1.3 channel activity observed by Fadool and co-
workers (1997) in neuronal cells, which was mediated
by genistein-induced inhibition of PTK. Taking into
account the fact that in our experiments the time
duration of genistein application was never longer
than about 5 minutes, the observed effects could not
be explained by influence of genistein on PTK
activity. The results of our study and of Fadool and
coworkers suggest that genistein may exert two
opposite effects on Kv1.3 channels—a fast PTK-
independent inhibition followed by a relatively slow
PTK-dependent stimulation. Such a fast current
inhibition followed by a slow stimulation was ob-
served upon genistein application in the delayed rec-
tifier potassium channels in guinea-pig ventricular
myocytes (Hool, Middletone & Harvey, 1998).

The inhibitory effect of genistein on Kvl.3
channels reported in this study is similar to the effect
exerted on Kv1.4 channels, which are closely related
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to Kv1.3. In case of Kvl.4 channels, the inhibitory
effect occurs in the same concentration range (up to
50 um), it is also voltage-independent and correlates
with a significant slowing of the current activation
rate (Zhang & Wang, 2000). Moreover, application
of daidzein did not affect significantly the activity of
Kv1.4 channels, similarly to what was observed in
case of Kvl.3 channels (Zhang & Wang, 2000).
However, there are also differences when comparing
genistein interactions with Kv1.3 and Kvl.4 chan-
nels. First, in the case of Kv1.4 channels, there is a
shift of the steady-state activation curve by about 15
mV towards positive membrane potential and this
shift is statistically significant (P < 0.05) (Zhang &
Wang, 2000). In contrast, our results show that in the
case of Kv1.3 channels, the shift is only about 2.3 mV
and is statistically insignificant (P > 0.05). Moreover,
in the case of Kv1.4 channels, it was shown that the
inhibitory effect of genistein was significantly dimin-
ished in the presence of 1 mM of sodium orthovana-
date (Zhang & Wang, 2000). This may indicate that
the inhibition of Kv1.4 channels by genistein is par-
tially due to the inhibition of PTK by this isoflavone
(Zhang & Wang, 2000). On the other hand, the
application of sodium orthovanadate did not abolish
the blocking effect of genistein completely (Zhang &
Wang, 2000). Thus, it is suggested that the inhibitory
effect on Kvl1.4 channels, unlike Kv1.3 channels, is
complex and it includes both the inhibition of PTK
and other, PTK- independent mechanisms (Zhang &
Wang, 2000).

The inhibition of Kv1.3 channels by genistein
might be a result of direct interactions with binding
sites on the channels or the influence might be indi-
rect and involve changes of properties of lipid phase
of the membrane, which, in turn, might affect the
channel activity. It was proven that genistein can
modulate the properties of phospholipid bilayers
(Hwang et al., 2003; Lania-Pietrzak et al., 2005).
These changes in properties of lipid membrane may
in turn affect the activity of transporting membrane
proteins as it was shown, for example, for gramicidin
A channels (Hwang, Koeppe & Andersen, 2003). It
remains to be elucidated which mechanism predom-
inates in case of Kv1.3 channels.

Results similar to those presented here for Kv1.3
channels in lymphocytes were also obtained in case of
voltage-gated potassium channels in rat and rabbit
pulmonary artery cells (Smirnov & Aaronson, 1995)
and delayed rectifier potassium channels in guinea-
pig ventricular myocytes (Washizuka et al., 1998). In
both cases, inhibition of channel activity by genistein
occurred in a PTK-independent manner and in the
same concentration range (10-100 pm) (Smirnov &
Aaronson, 1995; Washizuka et al., 1998). The cur-
rents were inhibited to a similar extent (to about 0.4
of the control value) and the inhibition was accom-
panied by a significant decrease of the activation rate
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(Smirnov & Aaronson, 1995; Washizuka et al., 1998).
Thus, the PTK-independent inhibition of potassium
channel activity by genistein occurs not only in the
case of Kvl.3 channels, but also in other types of
channels expressed in pulmonary arteries and in the
heart.

The inhibitory effect of genistein on Kvl.3
channels might be of significance for genistein-in-
duced inhibition of proliferation of colon cancer HT-
29 cells. Available data provide evidence that
application of 15-120 uM genistein inhibits prolifer-
ation of the cells in a concentration-dependent man-
ner and the half-blocking concentration range is
between 30 and 60 pum (Yu, Li & Liu, 2004). This is
similar to the half-blocking concentration range of
Kvl1.3 channels reported in this study. On the other
hand, it is known that Kv1.3 channels participate in
the proliferation of TL and the inhibition of Kvl1.3
channels inhibits TL proliferation (Cahalan et al.,
2001). Since Kv1.3 channels also participate in pro-
liferation of colon cancer cells (Pardo, 2004), it is
possible that inhibition of Kv1.3 channels by geni-
stein is involved in the genistein-induced inhibition of
proliferation of colon cancer HT-20 cells.

The authors express best thanks to our colleague from the Bio-
physics Department, Dr. Andrzej Pota, who kindly provided blood
samples for lymphocyte isolation. This work was supported by
CSR Medical University Grant No 453.
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