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Abstract

Voltage-gated potassium channels, Kv1.3, which were discovered in 1984, are integral membrane proteins which
are activated (“open”) upon change of the cell membrane potential, enabling a passive flux of potassium ions across
the cell membrane. The channels are expressed in many different tissues, both normal and cancer. Since 2005 it
has been known that the channels are expressed not only in the plasma membrane, but also in the inner mitochon-
drial membrane. The activity of Kv1.3 channels plays an important role, among others, in setting the cell resting
membrane potential, cell proliferation, apoptosis and volume regulation. For some years, these channels have been
considered a potentially new molecular target in both the diagnostics and therapy of some cancer diseases. This
review article focuses on: 1) changes of expression of the channels in cancer disorders with special regard to cor-
relations between the channels” expression and stage of the disease, 2) influence of inhibitors of Kv1.3 channels on
proliferation and apoptosis of cancer cells, 3) possible future applications of Kv1.3 channels’ inhibitors in therapy
of some cancer diseases. In the last section, the results of studies performed in our Laboratory of Bioelectricity
on the influence of selected biologically active plant-derived compounds from the groups of flavonoids and stil-
benes and their natural and synthetic derivatives on the activity of Kv1.3 channels in normal and cancer cells are
reviewed. A possible application of some compounds from these groups to support therapy of cancer diseases, such
as breast, colon and lymph node cancer, and melanoma or chronic lymphocytic leukemia (B-CLL), is announced
(Adv Clin Exp Med 2015, 24, 3, 517-524).
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It is known that voltage-gated potassium chan-
nels of the Kv1.3 type are integral membrane pro-
teins, which are activated (“open”) upon change
of the cell membrane potential, enabling a passive
flux of potassium ions across the cell membrane.
Kv1.3 channels, originally named as “n” (“nor-
mal”) voltage-gated potassium channels, were
discovered in 1984 in human T lymphocytes [1].
The biophysical properties of these channels were
studied in more detail by Cahalan and colleagues
in 1985 [2]. The channels appeared to be a “de-
layed rectifier” like voltage-gated potassium chan-
nels with a slow and complex inactivation [2]. The

channel encoding gene was isolated from mouse
and rat genomic DNA in 1990 [3, 4]. Because of
a significant (60-70%) structural homology with
voltage-gated potassium channels encoded by the
Shaker gene in Drosophila Melanogaster, mamma-
lian “n” type channels were classified as related to
the Shaker channel family. The name “Kv1.3” was
first introduced in 1991. It describes a mammali-
an Shaker-related voltage-gated potassium chan-
nel encoded by the KCNA3 gene. This gene was
found in humans, rats and mice [5]. At first, the
Kv1.3 channels were supposed to be expressed in
T lymphocytes only. Currently it is known that
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Kv1.3 channels are expressed abundantly in many
tissues, both normal and cancer [6-8]. Studies per-
formed in the last 10 years provide evidence that
Kv1.3 channels are expressed not only in the plas-
ma membrane, but also in the inner mitochondri-
al membrane [9, 10]. The activity of Kv1.3 chan-
nels plays an important role in cell functioning,
particularly in setting the resting membrane po-
tential, cell proliferation, apoptosis and volume
regulation [10, 11]. It has been shown that the
blocking of Kv1.3 channels inhibited cell prolifera-
tion by arresting the cell cycle in the G, phase [11].
Kv1.3 channels are inhibited by many chemically
unrelated compounds. Among the inhibitors are
some heavy-metal cations, small-molecule organ-
ic compounds and venom-isolated oligopeptides
[5, 11-13]. The most potent specific inhibitors in-
hibit the channels at subnanomolar concentrations
[5, 11-13]. Specific blockers of Kv1.3 channels,
such as 5-(4-phenoxybutoxy)psoralen (PAP-1),
are currently being tested in pre-clinical trials as
potential selective immunosuppressants of auto-
antigen-specific effector memory T lymphocytes
(Tgm) in T-lymphocyte-mediated autoimmune dis-
eases, such as sclerosis multiplex, type I diabetes,
rheumatoid arthritis and psoriasis [11-13].

Another question that is important for possible
clinical applications of Kv1.3 channel inhibitors is
related to the role of inhibition of these channels in
the induction of the apoptosis of Kv1.3-expressing
cancer cells. Studies performed in recent years have
demonstrated that expression of Kv1.3 channels is
required for the induction of apoptosis, of both
normal human T lymphocytes and leukemic T cell
line Jurkat, by ceramide, tumor necrosis factor
(TNF), sphingomielinase, staurosporine [10, 14]
and actinomycin-D [15]. Lack of expression of
Kv1.3 channels in the murine cytotoxic T lympho-
cytecellline CTLL-2 wasrelated toasignificantlyre-
duced ability of these cells to undergo apoptosis in-
ducedbyall the factors mentioned above [10, 14, 15].
It was shown that induction of the expression
of Kv1.3 channels in CTLL-2 cells by Kv1.3 vec-
tor transfection restored the apoptotic sensitivity
of these cells [14, 15]. Moreover, suppression of
Kv1.3 channel expression by application of Kv1.3-
-targeting siRNA significantly reduces the ability
of both normal and leukemic T lymphocytes to un-
dergo apoptosis induced by staurosporine [14].

It has been shown that the activity of Kv1.3
channels in the cell membrane was up-regulated
upon activation of the death receptor pathway of
apoptosis by Fas ligands in the human leukemic
T cell line Jurkat [16]. The up-regulation of the
channel activity, which occurred via caspase 8-de-
pendent pathway, generated a sustained outward
current that was required to promote the efflux of

potassium ions and cell shrinkage - hallmarks of
cell apoptosis [16]. On the other hand, it was shown
that inhibition of mitochondrial Kv1.3 channels by
a pro-apoptotic protein Bax cumulated in the mi-
tochondrial space upon apoptotic stimulation was
required to activate the intracellular (mitochondri-
al) pathway of apoptosis by means of cytochrome
c release, reactive oxygen species production and
depolarization of the inner mitochondrial mem-
brane in the Jurkat T cell line and in Kvl.3-ex-
pressing CTLL-2 cells, but not in Kv1.3-deficient
CTLL-2 cells [14]. It was shown that Bax inhib-
ited Kv1.3 channels at nanomolar concentrations
by binding to the extracellular mouth of the chan-
nel pore, such as occurs in the case of specific pep-
tide inhibitors of these channels, for example,
margatoxin (MgTX) [14]. Experiments performed
on isolated mitochondria showed that inhibition
of mitochondrial Kv1.3 channels by Bax caused
a transient hyperpolarization of the inner mito-
chondrial membrane, followed by a pronounced
depolarization, cytochrome c release and produc-
tion of reactive oxygen species (ROS) [14]. All
these processes are hallmarks of activation of the
mitochondrial pathway of apoptosis. The effect of
Bax on isolated mitochondria was mimicked by
MgTX. This confirms the notion that inhibition of
mitochondrial Kv1.3 channels is the first key event
in the induction of mitochondrial apoptotic path-
way in the case of Kv1.3 expressing cells [14].

Kv1.3 Channels in Cancer
Diagnostics and Therapy

Recently, Kv1.3 channels are considered a new,
potentially attractive molecular target in both can-
cer diagnostics and therapy [6-8, 17-20]. First of
all, several studies have demonstrated altered ex-
pression of Kvl.3 in some cancer specimens in
comparison with normal tissue [6-8, 17, 18].
An increased expression of Kv1.3 channels was ob-
served in the case of breast, colon, smooth mus-
cle (leiomyosarcoma), skeletal muscle (alveo-
lar rhabdomyosarcoma) and lymph node cancer
[8, 17] and in mature neoplastic B cells in chron-
ic lymphocytic leukemia (B-CLL) [20]. A signifi-
cantly increased expression of Kv1.3 channels that
was positively correlated with tumor aggressive-
ness was recently observed in the case of leiomyo-
sarcoma and alveolar rhabdomyosarcoma [8, 18].
In the case of breast cancer, contradictory data
has been obtained [17, 21, and 22]. A significant-
ly increased expression of the channels’ protein
was shown in cancer cells when compared to nor-
mal tissue [17]. Tumorigenic mammary epitheli-
al M13SV1R2 and M13SV1R2-N1 cells expressed
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significantly more of the channels’ proteins than
normal human mammary epithelial cells M13SV1
[21]. Moreover, the channel expression was signif-
icantly higher in highly tumorigenic M13SV1R2-
N1 cells than in weakly tumorigenic M13SVIR2
cells [21]. On the other hand, a markedly reduced
expression of Kv1.3 channels at both mRNA and
protein levels was detected in a case of breast ade-
nocarcinoma and there was an inverse correlation
between the channels’ expression and tumor grade
[22]. It was shown that the Kv1.3 gene promoter
was methylated in 42.3% of the samples (22/52)
and the methylation was associated with poorly
differentiated tumors and younger patients [22].
Moreover, the Kv1.3 gene promoter was methylat-
ed in the MCF-7 breast carcinoma cell line where-
as the methylation was absent in a primary cul-
ture of normal breast cells (HMEpC) [22]. The
data suggests that DNA methylation is respon-
sible for the observed decrease of Kv1.3 gene ex-
pression [22]. A significantly reduced expression
of the channels was also observed in kidney, blad-
der, pancreas, lung, brain (astrocytoma, oligoden-
droglioma, and glioblastoma), stomach and pros-
tate cancer [8, 18, 22-24]. In the case of prostate
cancer, there is also an inverse correlation be-
tween the expression of the channels and the stage
of the disease [23]. Moreover, in prostate cancer,
the channels” expression is significantly higher in
the weakly metastatic LNCaP and AT-2 cell lines
than in the strongly metastatic PC3 and Mat-Ly-
Lu cell lines [8, 25, 26]. A significant reduction of
the expression of Kv1.3 channels was also observed
in the case of pancreas adenocarcinoma, especial-
ly in patients with metastasis, where the channels
were almost absent [7, 8, 24]. It has been shown
that the reduction of the channels’ expression was
also probably a consequence of the methylation of
the promoter region of the Kvl.3-encoding gene
in pancreatic cells. This process was enhanced in
patients with metastasis. The survival distribu-
tion function showed that patients with a methyl-
ated promoter region of the Kv1.3 gene in pancre-
atic cells have significantly less chance to survive
than patients with an unmethylated promoter re-
gion of this gene [7, 24]. Thus, expression of the
Kv1.3 channels can be considered a potential di-
agnostic marker in some cancer diseases. Howev-
er, in some cases, such as in brain cancer (astrocy-
toma, oligodendroglioma, glioblastoma), no clear
correlation between the channels’ expression and
stage of the disease has been obtained yet [8].

It is well-established that cancer cells are char-
acterized by uncontrolled proliferation combined
with resistance to apoptosis induced by endoge-
nous apoptotic stimuli. On the other hand, it has
been shown that the activity of Kv1.3 channels is

involved both in cell proliferation and in apopto-
sis. It is also known that the activity of the chan-
nels is inhibited by many specific and non-specific
inhibitors [11-13]. Therefore, it is of importance
to prove whether inhibition of Kv1.3 channels in
cancer cells could inhibit proliferation and induce
apoptosis of cancer cells.

Available data provides evidence that an ap-
plication of a specific inhibitor of Kv1.3 channels,
margatoxin (MgTX), significantly inhibited pro-
liferation of the weakly metastatic prostate cancer
cell line AT-2, but was ineffective in the case of the
strongly metastatic prostate cancer cell line Mat-
LyLu [27]. On the other hand, a non-specific in-
hibitor of the channels, 4-amino-piridine (4-AP),
significantly inhibited the proliferation of both
cell lines [27]. It was also shown that inhibition of
Kv1.3 channels by anon-specificinhibitor, tetraeth-
ylamine (TEA), inhibited the proliferation of mam-
mary epithelial M13SVIR2 and MI13SVIR2-N1
cells. The inhibition was significantly higher in
the highly tumorigenic M13SV1R2-N1 cells than
in the weakly tumorigenic M13SV1R2 cells and in
normal cells [21]. Moreover, MgTX inhibited the
proliferation of lung cancer cells in vitro and in vi-
vo [28]. It was shown that MgTX inhibited can-
cer cell proliferation by arresting the cell cycle in
the G, phase [23]. The cell viability upon an ap-
plication of MgTX was significantly lower in can-
cer cells than in normal cells [28]. Therefore, both
specific and non-specific inhibitors of Kv1.3 chan-
nels may potentially be used in therapy of some
cancer diseases.

Moreover, inhibition of Kv1.3 channels by
specific membrane-permeant inhibitors, such as
5-(4-phenylobutoxy)psoralen(Psora-4),5-(4-phenoxy-
butoxy)psoralen (PAP-1) and clofazimine, in-
duced apoptosis of Kvl.3-expressing cancer
cells - murine cytotoxic T lymphocyte cell line
CTLL-2 transfected with Kv1.3 vector (CTLL-2-
-Kv1.3), human T cell line Jurkat T, human osteo-
sarcoma SAOS-2 and mouse melanoma B16F10
cell line, but not of Kvl.3-lacking CTLL-2 cells
(CTLL-2-pJK) and human chronic myelogenous
leukemia cell line K562 [19]. The knock-down of
Kv1.3 channels by applying the siRNA technique
eliminated the sensitivity of Jurkat T cells to apopto-
sis induced by the inhibitors of Kv1.3 channels [19].
The induction of death of Kv1.3-expressing cancer
cells by the inhibitors of Kv1.3 channels occurred
by activation of the intracellular (mitochondri-
al) pathway of apoptosis. This process involved
an activation of caspase-9 (but not caspase-8),
activation of caspase-3, release of mitochondrial
cytochrome ¢, and increase of mitochondrial re-
active oxygen species (ROS) production, depolar-
ization of the inner mitochondrial membrane and
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cleavage of poly-ADP ribose-polymerase (PARP)
[19]. The induction of cancer cell apoptosis by the
membrane-permeant inhibitors of Kv1.3 chan-
nels occurred in a concentration-dependent man-
ner. The process of apoptosis induction required
higher concentrations of these inhibitors than was
needed to completely inhibit Kv1.3 channels. The
ability to induce apoptosis of intact cancer cells
was limited to membrane-permeant Kvl1.3 chan-
nel inhibitors, since potent but membrane-imper-
meant compounds, such as MgTX (ECsy < 1 nM),
applied at a concentration 1000-times higher than
needed to completely inhibit Kv1.3 channels, were
ineffective. This would seem to confirm that the
inhibition of mitochondrial, but not plasma mem-
brane Kv1.3 channels were required to induce the
apoptosis of Kvl.3-expressing cancer cells by ac-
tivating its intracellular (mitochondrial) pathway
[19]. In agreement with this evidence, the ability
of membrane-permeant Kv1.3 channel inhibitors
to induce apoptosis of cancer cells was significant-
ly augmented when the inhibitors were co-ap-
plied with inhibitors of membrane multi-drug re-
sistance transporters. This would seem to prevent
the channel inhibitors’ molecules from being re-
moved from cancer cells by membrane multi-drug
resistance proteins. Moreover, clofazimine, which
was the least potent Kv1.3 channel inhibitor of
the three compounds tested (ECsy = 300 nM for
clofazimine, compared to 3 nM for Psora 4 and
2 nM for PAP-1), was the most effective inducer of
apoptosis of Kv1.3-expressing cancer cells (ECsg ~
1 uM for clofazimine in the presence of multi-drug
resistance transporter inhibitors compared to > 10
uM for both Psora-4 and PAP-1) [19]. This was
probably due to the ability of this compound to
block both Kv1.3 channels and membrane multi-
drug resistance transporters [19]. Importantly,
the results obtained demonstrate that membrane-
permeant Kv1.3 channel inhibitors could induce
apoptosis of Kvl.3-expressing cancer cell lines
even in the absence of Bax or Bak pro-apoptotic
proteins, such as in the case of Bax/Bak-deficient
human Jurkat leukemic T cells and Bax/Bak-dou-
ble knock-out murine embryonic fibroblasts (MEF
DKO cells) [19]. A mutational inactivation-medi-
ated deficiency of the pro-apoptotic proteins Bax
and Bak often observed in tumor cells can pro-
tect them from mitochondria-mediated apopto-
sis induced by anticancer drugs, such as etoposide,
bleomycin or cisplatin [29]. It was shown that the
survival of patients suffering from both colon and
gastric cancers after surgery was significantly di-
minished in the Bax-deficient group compared to
the group of patients with a normal function of Bax
[29]. Therefore, membrane-permeant Kv1.3 chan-
nel inhibitors that could induce apoptosis of

Bax/Bak deficient cancer cells might offer a novel
option in the treatment of chemotherapeutic-resis-
tant malignancies. Finally, experiments performed
on syngenic C57BL/6 mice showed that the inhi-
bition of Kv1.3 channels by clofazimine applied
in vivo not only prevented growth of an induced
melanoma, but also reduced the tumor size by 90%
after 6 days of treatment [19]. Histological exam-
ination and studies on cell apoptosis of the brain,
heart, lungs, small intestine, kidney, liver and
spleen tissues showed no significant abnormalities
in these organs in clofazimine-treated mice in re-
lation to untreated animals. The effect of clofazi-
mine was much more efficient than in the case of
a much more potent (ECsy < 1 nM compared to
300 nM for clofazimine), but membrane-imper-
meant, Kv1.3 channel inhibitor - MgTX [19]. This
was probably due to the fact that clofazimine could
simultaneously inhibit cancer cell proliferation (by
inhibition of plasma membrane Kv1.3 channels)
and induce apoptosis of these cells (by inhibition
of the channels in the mitochondria), whereas
MgTX could only inhibit cell proliferation without
being able to induce apoptosis [19, 28]. In fact, ap-
plication of MgTX or other membrane-imperme-
ant Kv1.3 channel inhibitors, such as Stichodactyla
helianthus (Shk) or charybdotoxin (ChTX) could
even slightly increase the number of viable cancer
cells [19].

Recently published data showed that the in-
hibition of Kv1.3 channels over-expressed in hu-
man neoplastic B cells in chronic lymphocytic leu-
kemia (B-CLL) by Psora-4, PAP-1 and clofazimine
induced apoptosis of these cells by activation of the
intracellular (mitochondrial) pathway of this pro-
cess [20]. In agreement with the results of previ-
ous studies, the more potent, but membrane-im-
permeant Kvl1.3 channel inhibitor Stichodactyla
helianthus (Shk) was ineffective. Moreover, the
ability to induce apoptosis of B-CLL cells was sig-
nificantly augmented when the inhibitors were co-
applied with inhibitors of membrane multi-drug
resistance transporters. Finally, clofazimine was
the most effective inducer of apoptosis of B-CLL
cells (ECsp ~ 1 uM in the presence of multi-drug
resistance transporter inhibitors compared to > 10
uM for both Psora-4 and PAP-1) [20]. Interesting-
ly, an application of the Kv1.3 channel inhibitors
caused a selective apoptosis of B-CLL cells with-
out affecting T lymphocytes from patients with
leukemia and B and T lymphocytes from healthy
donors. The authors showed that such a selective
apoptosis of cancer cells was a consequence of both
the inhibition of Kv1.3 channels and a chronical-
ly increased production of reactive oxygen species
(ROS) by the mitochondria of cancer cells [20]. It
was shown that a pre-treatment of B-CLL cells with
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membrane-permeant ROS scavengers: superoxide
dismutase (PEG - SOD) and catalase (PEG — CAT)
eliminated the apoptosis of cancer cells induced by
the Kv1.3 channel inhibitors. On the other hand,
a mild mitochondrial oxidative stress induced by
a pre-treatment of normal B lymphocytes with
a sub lethal dose of a membrane-permeant pro-
oxidant agent, 7-O-(4-triphenylphophoniumbu-
tyl) quercetin iodide (Q-7BTPI), sensitized nor-
mal B cells to a pro-apoptotic activity of the
Kv1.3 channel inhibitors [20]. A mild mitochon-
drial oxidative stress in combination with an ap-
plication of the Kvl1.3 channel inhibitors did
not induce apoptosis of the Kvl.3-deficient mu-
rine CTLL-2 pJK cancer cell line. This demon-
strates that both the mild mitochondrial oxidative
stress observed in cancer cells and an inhibition of
Kv1.3 channels is necessary for a selective induc-
tion of cancer cell apoptosis by the Kv1.3 channel
inhibitors [20]. It was also shown that an applica-
tion of the Kv1.3 channel inhibitors caused a se-
lective apoptosis of B-CLL cells in 29 patients re-
gardless of the stage of the disease and despite an
increased expression of anti-apoptotic Bcl-2 pro-
teins in B-CLL cells in most cases [20]. Important-
ly, it was shown that injections of clofazimine into
mice at therapeutic doses (5 ug/g mouse) did not
significantly change blood cell counts in the ani-
mals treated. The results of these studies show that
small-molecule membrane-permeant inhibitors
of Kv1.3 channels could be considered as efficient
pharmacological agents to be potentially applied
in therapy of malignant tumor diseases character-
ized by an overexpression of Kv1.3 channels. Clo-
fazimine, which has been used since the 1960’s in
medical practice as an antibiotic (in the treatment
of leprosy, for example), may be considered a most
promising candidate [20].

Polycyclic Compounds
as Inhibitors
of Kv1.3 Channels

There are many other Kv1.3 channel inhibitors
that are membrane-permeant small-molecule or-
ganic compounds and could simultaneously inhib-
it cancer cell proliferation (by inhibition of plasma
membrane Kv1.3 channels) and induce apoptosis
of these cells (by inhibition of the channels in the
mitochondria). To this group belong, among oth-
ers, some biologically-active plant-derived poly-
cyclic compounds from the groups of flavonoids,
chalcones and substituted stilbenes and some
of their natural and synthetic derivatives. These
plant-derived compounds are present in everyday

diet products and are characterized by a low cyto-
toxicity. The ability of the compounds, character-
ized by good bioavailability, to inhibit proliferation
and induce apoptosis of cancer cells by inhibition
of Kv1.3 channel activity could potentially be ap-
plied to support therapy of some tumor diseases,
such as breast, colon and lymph node cancer, mel-
anoma or chronic lymphocytic leukemia (B-CLL),
in which the Kv1.3 channels are overexpressed in
comparison to healthy tissues. The possibility of
an effective elimination of cancer cells by low-tox-
ic compounds present in everyday diet should be
considered important to the study of both the bi-
ology of cancer and the development of new strat-
egies for cancer treatment. Taking into account
both the ever-increasing number of people suf-
fering from malignant tumors and the limited ef-
fectiveness of the therapeutic strategies currently
applied, the enhancement of knowledge concern-
ing the cellular mechanisms of cancer cell de-
struction seems to be a scientific problem of so-
cial significance.

Experiments carried out during the last 10
years provide evidence that some biologically-ac-
tive plant-derived polycyclic compounds from the
groups of flavonoids and stilbenes and some of their
natural and synthetic derivatives are inhibitors of
Kv1.3 channels in both normal and cancer cells.
It was shown that a compound from the group of
isoflavones, genistein, and a compound from the
group of substituted stilbenes, resveratrol, are both
inhibitors of Kv1.3 channels in human T lympho-
cytes isolated from the peripheral blood of healthy
donors [30, 31]. Genistein, a plant-derived isofla-
vone known as a potent protein tyrosine kinase
(PTK) inhibitor, also inhibits cell proliferation in
breast cancer cell lines MCF-7 and MDA-MB-231
[32], colon cancer cell line HT-29 [33] and induc-
es apoptosis in colon cancer cell line HT-29 [33].
Resveratrol is a natural anti-cancer agent which is
present at its highest concentrations in red grapes
and wine. Resveratrol is also involved in the inhi-
bition of lipid peroxidation, chelation of copper
ions, scavenging of free radicals, alteration of eico-
sanoid synthesis, inhibition of platelet aggregation,
anti-inflammation, vaso-relaxation, estrogenic ac-
tivity and cardio-protection [34]. The inhibition
of Kv1.3 channels by genistein and resveratrol oc-
curred in a concentration-dependent manner and
was not complete — the channels were inhibited
to about 23% and to about 18% of their control
activity at maximal concentrations of the com-
pounds, equal to 80 uM and 200 puM in the case
of genistein and resveratrol, respectively [30, 31].
The estimated values of the half-blocking concen-
trations (ECsy) were from 10 to 40 pM for genis-
tein and about 40 uM for resveratrol [30, 31]. The
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inhibition of Kv1.3 channels by both genistein and
resveratrol was accompanied by a significant slow-
ing of the Kv1.3 currents’ activation rate, whereas
the inactivation rate remained unchanged upon an
application of the compounds [30, 31]. The inhibi-
tory effects of genistein and resveratrol were addi-
tive [31]. This may suggest that the mechanisms of
Kv1.3 channel inhibition by genistein and resvera-
trol were distinct [31]. It was shown that the inhib-
itory effect of genistein on human T lymphocyte
Kv1.3 channels occurred in a PTK-independent
pathway, probably as a result of direct interac-
tions of the compound with the channels’ proteins
[30]. The results have also demonstrated that res-
veratrol, which is an activator of protein kinase
C (PKCQ), inhibits Kv1.3 channels in a PKC-inde-
pendent pathway, probably by direct interactions
with the channels’ protein [31]. The ability to in-
hibit Kv1.3 channels in normal human T lympho-
cytes is shared by two synthetic methoxy- deriva-
tives of a flavonoid naringenin (4’, 7-dimethylether
and 7-methylether) and a synthetic tetramethoxy-
derivative of a substituted stilbene-piceatannol
[35]. It was shown that application of naringenin-
4’, 7-dimethylether, naringenin- 7-methylether
and tetramethoxy- piceatannol at a 30 uM concen-
tration inhibited Kv1.3 channels to about 4%, 29%
and 31% of the control activity, respectively [35].
On the other hand, it was shown that naringenin
and piceatannol did not inhibit Kv1.3 channels
in normal human T lymphocytes when applied
at 30 pM and 40 pM concentrations, respectively
[35]. Another compound from the group of flavo-
noids, aromadendrin, was also not an inhibitor of
Kv1.3 channels in normal human T lymphocytes
when applied at 30 pM concentration [35]. Inter-
estingly, most of the tested compounds, like ge-
nistein and synthetic methoxy-derivatives of nar-
ingenin and piceatannol, have an ability to inhibit
the activity of membrane multidrug resistance pro-
teins MRP1 [36-38]. Although the results showed
no correlation between the ability of selected fla-
vonoids to inhibit membrane multidrug resistance
proteins MRP1 and Kv1.3 channels in normal hu-
man T lymphocytes, it was shown that inhibition
of both types of membrane proteins could occur,
for genistein and methoxy-derivatives of piceatan-
nol and naringenin, at comparable concentrations
[30, 35]. This would suggest that an inhibition of
the channels could be accompanied by a simultane-
ous inhibition of membrane multidrug resistance
proteins MRPI1 [35]. It seems possible that such
a simultaneous inhibition of Kv1.3 channels and the
membrane multidrug resistance proteins could oc-
cur in the case of Kvl.3-expressing cancer cells.
Studies performed recently provide evi-
dence that a prenyl-derivative of naringenin -

- 8-prenylnaringenin - inhibits Kv1.3 channels
both in normal human T lymphocytes and in hu-
man T cell line Jurkat when applied at low mi-
cromolar concentrations [39]. This compound is
a natural derivative of naringenin that is isolat-
ed from common hops (Humulus lupulus). This
compound was identified as a potent phytoestro-
gen, with estrogenic activity higher than that of
the known phytoestrogens like coumesterol, genis-
tein and daidzein [40]. Other studies showed that
8-prenylnaringenin could also inhibit cell prolifer-
ation and induce apoptosis in the breast cancer cell
line MCEF-7 [40]. The results of electrophysiologi-
cal studies indicate that 8-prenylnaringenin inhib-
its Kv1.3 channels in a concentration-dependent
manner [39]. The estimated ECs, value is about
3 uM. In contrast to what was observed earlier in
the case of genistein and resveratrol, the inhibitory
effect of 8-prenylnaringenin was complete. A com-
plete inhibition of Kv1.3 channels occurred at con-
centrations higher than 10 uM [39]. The inhibi-
tory effect of 8-prenylnaringenin was reversible.
In contrast to the inhibitory effects of genistein
and resveratrol, the inhibition of Kv1.3 channels
by 8-prenylnaringenin was accompanied by a sig-
nificant acceleration of channel inactivation with-
out any pronounced change in the activation rate.
8-prenylnaringenin is the most potent inhibitor of
the Kv1.3 channels of the naringenin derivatives
tested to date. The potency of the inhibition may
be due to the presence of a prenyl group in the
molecule of this flavonoid [39].

Altogether, the available results demonstrate
that:

1) some of the studied flavonoids and stilbenes
inhibit Kv1.3 channels,

2) the inhibitory effects are not com-
plete at micromolar concentrations, except for
8-prenylnaringenin,

3) differences in chemical structures between
the channels’ inhibitors and non-inhibitors are
very subtle,

4) the mechanism of the channels’ inhibi-
tion is probably different in the case of each test-
ed compound,

5) the inhibitory effects of some compounds
are additive.

Nevertheless, the influence of most biological-
ly-active plant-derived polycyclic compounds on
the activity of Kv1.3 channels in cancer cells still
remains unknown. Even in the case of the com-
pounds already tested, such as genistein and resve-
ratrol, a study on the influence of these compounds
on Kv1.3 channels in cancer cells is needed. It also
remains unknown whether there is a relationship
between the inhibition of Kv1.3 channels in cancer
cells by biologically active polycyclic compounds
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and the ability of these compounds to induce on the activity of Kv1.3 channels in cancer cells
apoptosis of Kv1.3 channel-expressing cancer and on the ability of these compounds to induce
cells. Studies on the influence of selected biolog- apoptosis of Kv1.3 expressing cancer cells are
ically-active plant-derived polycyclic compounds ongoing.
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