
Amplification of the kcnk9 gene and overexpression of 
the encoded channel protein (TASK-3) seems to be in-
volved in carcinogenesis. In the present work, TASK-3 
expression of melanoma cells has been studied. For the 
investigation of TASK-3-specific immunolabelling, a 
monoclonal antibody has been developed and applied 
along with two, commercially available polyclonal anti-
bodies targeting different epitopes of the channel protein. 
Both primary and metastatic melanoma cells proved to 
be TASK-3 positive, showing prominent intracellular 

TASK-3-specific labelling; mostly concentrating around 
or in the proximity of the nuclei. The immunoreaction 
was associated with the nuclear envelope, and with the 
processes of the cells and it was also present in the cell 
surface membrane. Specificity of the immunolabelling 
was confirmed by Western blot and transfection experi-
ments. As TASK-3 immunopositivity of benign melano-
cytes could also be demonstrated, the presence or absence 
of TASK-3 channels cannot differentiate between malig-
nant and non-malignant melanocytic tumours.

Keywords. TASK-3 channel, melanoma, melanocyte, immunocytochemistry, immunohistochemistry, monoclonal 
antibody, transfection, Western blot.

Introduction

TASK-3 channels belong to the recently discovered two-
pore-domain (2P) K+ channel superfamily [1]. In contrast 
to the other two known K+ channel superfamilies [volt-
age-gated or depolarisation-activated K+ (Kv) channels 
and inwardly rectifying K+ (Kir) channels], whose repre-
sentatives form tetramers; in the 2P channels two subunits 
associate with each other, thus the functional channels are 
dimers. However, as each subunit of the 2P channels con-
tains four transmembrane domains and two pore-form-

ing loops (the latter situated in a ‘tandem’ arrangement), 
the K+ permeable pore of the 2P channels is produced by 
the interaction of four individual pore-forming regions, 
similarly to the more ‘conventional’ K+ channels. The in-
dividual representatives of the 2P channels belong to a 
number of smaller classes within the 2P superfamily, one 
of which is formed by the TWIK-related acid-sensitive K+ 
channels (TASK channels; [2–12]).
Three channels belonging to the TASK family are known 
at present, termed TASK-1, TASK-3, and TASK-5. (Al-
though TASK-2 and TASK-4 channels have also been 
cloned, analysis of their amino acid sequence clearly in-
dicated that they are not as close relatives of the other 
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TASK channels as thought initially, thus they are now 
regarded as members of the TALK channel family.) The 
close relationship between TASK-1, TASK-3, and TASK-
5 channels is convincingly substantiated by their sequence 
homology: the sequence identity between hTASK-1 and 
hTASK-3 channels is about 62% [3], whereas hTASK-5 
shows 58% and 56% identity with hTASK-1 and hTASK-
3, respectively [13]. In contrast, sequence identity be-
tween the TASK channels and the rest of the 2P channels 
is as low as 31–35% [3].
A common functional property of the TASK channels 
is their closure on extracellular acidification; the pK for 
TASK-3 is about 6.8 [3, 9, 11, 14]. Initially, TASK chan-
nels were thought to be important for setting the high 
resting K+ conductance of the cells, determining there-
fore their resting membrane potential, input resistance 
and excitability only. More recent experiments, however, 
clearly indicated that TASK-3 channels belong to a most 
intriguing group of K+ channels having the seemingly 
paradoxical ability to either induce [15] or prevent apop-
totic cell death [16] and promote cell proliferation [17, 
18]. The potential pathological significance of the TASK-
3 channels emerged when amplification of the TASK-3 
coding gene (kcnk9) was reported in 10% of the malig-
nant breast tumours investigated, along with a 5–100-fold 
overexpression of the channel protein in 44% of the tu-
mour specimens [17]. Although kcnk9 is situated at the 
chromosomal region 8q24.3, in the proximity of a well-
known oncogene (c-myc), kcnk9 amplification alone was 
found to be present in a number of cases, suggesting its 
potential causative role in tumour development.
Experiments conducted on cell lines overexpressing ei-
ther the wild-type TASK-3 channels or a non-functional 
mutant (TASK-3G95E), convincingly proved the previous 
implications concerning the significance of the functional 
TASK-3 channel proteins in tumorigenesis [18]. Overex-
pression of the wild-type TASK-3 enhanced tumorigenic-
ity of C8 cells and shortened the time for tumour for-
mation in athymic mice. Moreover, cultured C8 cells be-
came more resistant for hypoxia and serum deprivation. 
The Ben cell line (lung carcinoma) is known to naturally 
overexpress TASK-3 channels; transfection of these cells 
with TASK-3G95E (which proved to be a dominant nega-
tive mutation) resulted in a significant reduction of cell 
proliferation. Based on these experiments, kcnk9 is an 
established proto-oncogene, whose amplification (along 
with the overexpression of the encoded protein) may fa-
vour tumour formation, most likely via increasing the 
resistance of cancer cells for hypoxia and serum depriva-
tion – a mechanism which might powerfully increase the 
survival of cancer cells, especially in the poorly oxygen-
ated areas of solid tumours.
Hitherto no correlation has been found between the TASK-
3 expression of malignant tumours and the presence or 
absence of certain tumour/prognostic markers (oestrogen 

receptor expression and HER2 overexpression [17]), but 
it cannot be excluded that such connections might be re-
vealed in the not too distant future, and/or TASK-3 might 
eventually serve as a histological tumour marker itself. 
However, to prove or disprove this assumption, large 
scale immunohistochemical studies are required using 
TASK-3-specific primary antibodies. Although anti-
TASK-3 polyclonal antibodies are currently available 
commercially and their applicability has already been 
documented in a number of studies [19–24], the develop-
ment and evaluation of a TASK-3-specific monoclonal 
antibody would be important as monoclonal antibodies 
are regarded far superior to the polyclonal ones.
In the present study three different anti-TASK-3-spe-
cific antibodies (two polyclonal and a newly developed 
monoclonal) were employed to investigate the possible 
TASK-3-protein expression of melanoma cells; as it was 
potentially interesting to see whether – similarly to cer-
tain breast cancers, colorectal cancers and to the Ben cell 
line – prominent TASK-3 immunopositivity was also 
present in these malignantly transformed cells. Moreover, 
we invesitgated whether only the melanoma cells showed 
TASK-3 expression or whether the TASK-3 protein was 
also present in benign melanocytes.
In the present study, immunoreactions were performed on 
formaldehyde-fixed, paraffin-embedded tissue sections 
and cultured melanoma cells, and the evaluation of the an-
tibodies was also extended to cell lines transiently or stably 
transfected with TASK-3. Our results indicate that all three 
primary antibodies investigated are capable of recognising 
TASK-3 channels under both immunohistochemical and 
immunocytochemical conditions. In formaldehyde-fixed 
sections, the intensity of the labelling could be improved 
using an appropriate antigen-retrieval (AR) technique. In 
both preparations, the TASK-3-immunopositivity showed 
markedly strong intracellular distribution. It was concluded 
that as both malignant melanoma cells and benign melano-
cytes demonstrated TASK-3 immunopositivities, TASK-3 
labelling is not applicable to differentiating between ma-
lignant and benign melanocytic tumours, further confirm-
ing the generally accepted view that there is no ‘melanoma 
antibody’ (for a review see [25]).

Materials and methods

Development of a monoclonal anti-hTASK-3 antibody. 
The monoclonal anti-KCNK9 (TASK-3) (clone KCN-75) 
was raised against a synthetic peptide corresponding to 
amino acids 360–374 of the C terminus of human KCNK9. 
For immunization, the peptide was conjugated to KLH 
using the Maleimide Activated BSA/KLH Conjugation 
Kit (Sigma-Aldrich, MBK-1). BALB/c mice were immu-
nized and their spleen cells were fused with NS-1 mouse 
myeloma cells. Hybridoma supernatants were screened 
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for specific antibodies by ELISA on a BSA conjugate of 
the above peptide and by Western blotting of cell extracts. 
One clone termed KCN-75, which secretes IgG2b anti-
bodies (Sigma Immunotype™ kit ISO-2) was selected. 
The antibody was purified on a protein A column and was 
supplied by Sigma-Aldrich (Sigma, K0514).

Immunohistochemistry. The immunohistochemical me
thods were similar to those reported earlier [20]. All 
experiments on human tissues were conducted with the 
authorisation of the Ethical Committee of the University 
of Debrecen, as well as with the written consent of the pa-
tients. The tissue samples employed in the present study 
were surgically removed for postoperative histopatholog-
ical diagnosis. After removal, the tissue specimens were 
immediately fixed in 4% buffered formaldehyde (24 h), 
embedded in paraffin wax, and 4-µm-thick sections were 
cut.
For AR, the tissue sections were either incubated in 
8 mM Tris buffer pH 8.4 for 15 min in a microwave oven 
(750 W) or they were subjected to high temperature at 
high pressure (in a pressure cooker) for 2 min (in 0.1 M 
citrate buffer pH 6.0). In the next step, the endogenous 
peroxidase activity was blocked with 3% H2O2 in metha-
nol (10 min, room temperature). Non-specific binding 
was prevented by incubating the sections with Protein 
Block Serum Free Reagent (DAKO, Glostrup, Denmark; 
5 min, room temperature). The tissue sections were then 
incubated overnight at 4 °C with one of the anti-TASK-
3-specific primary antibodies. Two antibodies were poly-
clonal [raised in goat (Santa-Cruz Biotechnology Inc., 
Santa Cruz, CA, USA) or rabbit (Alomone Labs. Ltd., 
Jerusalem, Israel)], whereas the third antibody was the 
newly developed monoclonal antibody. The antibody 
dilution ranges were 1:100–1:1000; 1:800–1:2000 and 
1:200–1:2000, respectively. The antibody raised in rabbit 
targeted an epitope of the TASK-3 channel protein close 
to its N terminus, whereas the other two antibodies recog-
nised epitopes near to the C-terminal region.
After incubation, the slices were rinsed in PBS (0.02 M 
NaH2PO4, 0.1 M NaCl, 3 × 5 min). If the primary anti-
bodies were raised in rabbit or mouse, the tissue sections 
were incubated with the EnVision system (DAKO) visu-
alised by employing VIP SK4600 kit (Vector Laborato-
ries, Burlingame, CA, USA). If the primary antibody was 
raised in goat, the sections were incubated in biotinyl-
ated anti-goat secondary antibodies (raised in rabbit) for 
30 min (1:100, DAKO), then rinsed with PBS (3 × 5 min) 
and incubated with horseradish peroxidase-conjugated 
streptavidin (30 min; 1:500; room temperature). In these 
instances visualisation of the immunolabelling was also 
achieved using VIP. At the end of the procedure slight 
counterstaining was performed using methyl green.
Control experiments were regularly performed. In these 
cases, the polyclonal antibodies were co-incubated with 

the antibody-specific blocking peptides (supplied by the 
manufacturer of the primary antibody), according to the 
instructions provided by the supplier. When the mono-
clonal antibody was employed, control experiments were 
completed by leaving the primary antibody out of the re-
action. The control experiments were always conducted 
after the application of one of the AR techniques.

Cell cultures. Three established melanoma cell lines 
[26] were employed in the present work, namely WM35 
(a human melanoma cell line from a primary, radial 
growth phase tumour site), HT199 and HT168-M1 
(the latter two are metastatic human melanoma cells). 
HT168-M1 is a derivative of the A2058 human mela-
noma cell line: the A2058 cell line was adapted to in 
vivo growth as xenograft, establishing the HT168 cell 
line. After intrasplenic transplantation of HT168 cells 
into immunosuppressed mice, a highly metastatic vari-
ant (HT-168-M1) was selected. The cells were cultured 
in RPMI 1640 medium supplemented with 10% foetal 
bovine serum (FBS), 2 M l-glutamine, 50 U/ml peni-
cillin, 50 µg/ml streptomycin and 1.25 µg/ml fungizone 
(Biogal, Debrecen, Hungary). C2C12 cells (an immor-
talised mouse skeletal muscle cell line) were cultured in 
DMEM medium containing 10% FBS, 50 U/ml penicil-
lin, 50 µg/ml streptomycin and 1.25 µg/ml fungizone. 
The cell lines were maintained as monolayer cultures 
in T75 flasks and they were kept in a 5% CO2 atmo-
sphere at 37 °C; feeding was performed on every other 
day. Cells were passaged at 80–100% confluence (about 
every 6–7 days). All chemicals were purchased from 
Sigma-Aldrich, unless indicated otherwise.

Immunocytochemistry. Prior to the immunocytochemis-
try, the melanoma cells were first gently fixed in 4% para-
formaldehyde (15 min, room temperature), and rinsed in 
PBS containing 100 mM glycine (3 × 5 min). Permeabi-
lisation was achieved by applying PBS containing 0.1% 
Triton X-100 (10 min); the cells were then rinsed in PBS 
(3 ×). Blocking was performed with PBS containing 1% 
BSA for 30 min at room temperature, followed by the 
application of the primary antibodies (4 °C, overnight). 
On the following day, the cells were rinsed in PBS (3 ×), 
incubated with the secondary antibodies for 1 h at room 
temperature and washed with PBS (3 ×). Finally, the mel-
anoma cells were mounted using Vectashield mounting 
medium containing DAPI (Vector).
When immunopositivity for HMB-45 and S-100 protein 
was investigated, the major steps of the procedure were 
as described above. Mouse monoclonal anti-HMB-45 
(1:50; DAKO) and rabbit polyclonal anti-S-100 (1:500; 
LabVision, Fremont, California, USA) antibodies were 
applied.
Control experiments were regularly performed. In these 
cases the polyclonal antibodies were co-incubated with 
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the antibody-specific blocking peptides (supplied by the 
manufacturer of the primary antibody), according to the 
instructions provided by the supplier. When monoclonal 
antibodies were employed (either anti-TASK-3 or anti-
HMB-45), control experiments were performed leaving 
out the primary antibody.

Microscopy. All the non-fluorescent and some of the 
fluorescent immunoreactions were investigated using a 
Nikon Eclipse 600W microscope (Nikon, Tokyo, Japan), 
equipped with an RT colour CCD camera. The images 
were acquired using the Spot RT v3.5 software. 
In other cases, the fluorescent labelling was assessed us-
ing a laser scanning confocal microscope (Zeiss LSM 
510 microscope; Oberkochen, Germany) with a 40 × oil-
immersion objective. In some instances, 10–25 ‘Z-stack’ 
images were obtained from the areas or cells of interest, 
the thickness of the individual optical sections varied be-
tween 0.5 and 1.0 µm. The reconstruction of the images 
was performed using the Zeiss LSM Image Browser. The 
final forms of the illustrations were created using Adobe 
Photoshop 7.0.

Transient transfection of C2C12 cells. Naïve C2C12 
cells were found not to possess noteworthy TASK-3 im-
munopositivity, making them ideal candidates for the 
transfection experiments. C2C12 cells were transfected 
with a human TASK-3-encoding plasmid (pcDNA3 
hTASK3/7; a kind gift from Prof. Peter R. Stanfield 
and Dr. Ian Ashmole). The TASK-3 cDNA was blunt 
end cloned into the EcoRV site of the vector pcDNA3 
(Invitrogen, Carlsbad, CA, USA). Transient transfection 
was performed on cells seeded onto coverslips with Su-
perfect transfection reagent (Qiagen, Hilden, Germany) 
according to the instructions provided by the manu-
facturer. Plasmid DNA (2 µg) was applied onto each 
coverslip. After the transfection, cells were allowed to 
express the introduced gene for 48 h in 5% CO2 atmo-
sphere at 37 °C. Immunocytochemistry was performed 
as described for the melanoma cells.

Generation of a stably transfected HEK293 cell line. 
Human embryonic kidney (HEK293) cells were continu-
ously cultured in a Dulbecco’s Modified Eagle Medium 
(DMEM) complemented with 10% FBS, 1% MEM non-
essential amino acids, 50 U/ml penicillin, and 50 µg/ml 
streptomycin and were incubated at 37 °C in a humidified 
incubator with 5% CO2/95% O2. PCR product correspond-
ing to the full-length coding sequence of TASK-3 channel 
was ligated into the pIRES expression vector (Clontech 
Laboratories, Cowley, UK). Following transformation of 
competent E. coli, colonies were selected, cultured and 
sufficient quantities of plasmid DNA were produced with 
a Plasmid Maxi Kit (Qiagen Ltd., Crawley, UK). Trans-
fection was performed using a mix of linearised plasmid 

DNA with calcium phosphate (Promega, Southampton, 
UK) for 30 h to allow expression of the transferred gene. 
Subsequently, the medium was changed to a high potas-
sium (25 mM) growth medium containing the selecting 
agent neomycin (800 µg/ml).

Preparation of nuclei. The nuclear fraction from mela-
noma cell cultures was isolated using modifications of 
previously described protocols [27, 28]. Two methods 
were employed for harvesting the cells: they were either 
scraped mechanically, or they were trypsinized. In the 
former case the cells were gently scraped in ice-cold PBS 
and centrifuged (1000 g; 10 min, 4 °C); the pellet was 
collected and resuspended in Buffer A [10 mM HEPES; 
1.5 mM MgCl2; 10 mM KCl; 0.1 mM EDTA; 0.1 mM 
EGTA; 1 mM dithiothreitol; 0.5 mM phenylmethylsulfo-
nyl-fluoride; protease inhibitor cocktail (Sigma-Aldrich), 
pH 7.4]. In the latter case, the cells were trypsinised, and 
growth medium containing 10% FBS was added. The 
cells were collected by centrifugation at 1000 g for 5 min, 
washed twice in ice cold PBS and resuspended in Buffer 
A. The application of both harvesting techniques gave the 
same results.
The cells were left to swell on ice for 20 min, and Non-
idet P-40 was added (final concentration, 0.5%); the cells 
were lysed in a Dounce homogeniser by repeated strokes. 
The extent of lysis was monitored by staining 10 µl lysate 
with trypan blue. The ratio of lysed cells was over 90%. 
The lysate was centrifuged at 770 g for 10 min at 4 °C to 
yield a crude nuclear pellet. The pellet was resuspended 
in 2.2 M sucrose Buffer A and centrifuged at 40 000 g for 
90 min at 4 °C. The pellet was washed twice, dissolved 
in 0.25 M sucrose in Buffer A and sonicated. The protein 
content of the nuclear fraction was determined using a 
BCA-kit (BCA™ Protein Assay Kit, Pierce, Rockford, IL, 
USA), then stored at –70 °C.

Western blotting. Both total cell lysates and nuclear frac-
tion were employed for the Western blot experiments. When 
total cell lysates were prepared, the cells were washed three 
times with ice-cold PBS and scraped in 100 µl lysis buffer 
[20 mM Tris-HCl, 5 mM EGTA, 1 mM 4-(2-aminoethyl)
benzenesulphonyl fluoride, 20 µM leupeptin, pH 7.4] on 
ice. The suspension was sonicated on ice, and protein con-
centration was assessed with the BCA-kit.
For the Western blot experiments, a procedure described 
earlier [20] was slightly modified. Total cell lysates or 
the nuclear fractions were mixed with SDS-PAGE sam-
ple buffer and boiled for 10 min at 100 °C. The samples 
were subjected to SDS-PAGE [7.5% gels were loaded 
with 160 µg (whole cell preparation) or 50 µg (nuclear 
fraction) protein per lane] and transferred to nitrocellu-
lose membranes (Bio-Rad Laboratories, CA, USA). The 
nitrocellulose-bound proteins were visualized by stain-
ing with Ponceau S and were then blocked with 5% dry 



2368              K. Pocsai et al.� TASK-3 expression of melanoma cells

milk in PBS supplemented with 0.05% Tween20 (PBST) 
and probed with one of the TASK-3-specific primary 
antibodies (Alomone, 1: 800). The secondary antibody 
was horseradish peroxidase-conjugated goat anti-rabbit 
IgG antibody (Bio-Rad, 1 : 1000). In control experiments, 
specificity of staining was assessed by incubating the 
membrane with the primary antibody preincubated with 
its specific blocking (immunising) peptide, a procedure 
that completely prevented the immunosignal in all cases. 
The immunoreactive bands were visualised using an en-
hanced chemiluminescence Western-blotting detection 
kit (Pierce), in a Fuji film Labs-3000 dark box (Tokyo, 
Japan).

Electrophysiology. Measurement of the K+ current 
passing through the TASK-3 channels present in the 
cell surface membrane of transfected HEK cells was re-
corded using the whole-cell configuration of the patch-
clamp technique. Patch-clamp pipettes were fabricated 
from borosilicate glass capillaries (Clark Electromedi-
cal Instruments, Reading, UK), and filled with a solu-
tion containing 140 mM KCl, 10 mM HEPES, 4 mM 
MgCl2, and 10 mM EGTA, pH 7.3. The resistance of 
the patch pipettes varied between 2 and 4 MΩ. The 
current was recorded by employing an Axopatch 200B 
patch-clamp amplifier connected to a DigiData 1200 
interface (Axon Instruments, Foster City, CA). Data ac-
quisition and analysis were performed using the pClamp 
6.0 software. To assess the pH sensitivity of the cur-
rent, the regular extracellular solution (130 mM NaCl, 
5 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 15 mM HEPES, 
30 mM glucose, pH 7.4) was replaced with a bathing so-
lution with similar composition but with a more acidic 
pH (pH 6.0).

Construction of a TASK-3-pEGFP. The TASK-3 cDNA 
was amplified by PCR with the oligonucleotide primers 
5′-GTTAATTGAATTCATGAAGAGGCAGAACGT-
GCG-3′ (sense) and 5′-GTTATAAAGGATCCAACTG
ACTTCCGGCGTTTCA-3′ (antisense). The PCR was 
performed using 1 cycle of 95 °C for 5 min, 35 cycles of 
the sequence of 95 °C for 1 min, 60 °C for 30 s, 72 °C for 
3 min, and finally 1 cycle of 74 °C for 3 min. The prod-
uct was purified using QIAquick PCR purification col-
umn (Qiagen). The amplified product was digested with 
EcoR1 and BamH1 then ligated into BamH1- and EcoR1-
digested pEGFP-N1 (Clontech Laboratories) to generate 
the TASK-3-pEGFP fusion vector. JM 109 competent E. 
coli were transformed with the newly constructed plas-
mid, and clone selection was achieved using 30 µg/ml 
kanamycin on LB agar. After selection, the plasmid was 
isolated using Wizard® Plus SV Miniprep DNA purifica-
tion Kit (Promega). The newly constructed fusion vector 
was verified by DNA sequencing.

Results

TASK-3 immunopositivity of formalin-fixed, paraffin-
embedded melanoma sections. As demonstrated in Fig-
ure 1A and B, the melanoma tissue sections demonstrated 
strong TASK-3-specific immunolabelling, regardless of 
the type of antibody tested (although the intensity of the 
immunopositivity was somewhat weaker in the case of 
the monoclonal antibody), whereas immunopositivity 
was never seen in the connective tissue. Preadsorption 
control experiments were regularly performed, and nei-
ther the tissue section presented in the inset of Figure 1A, 

Figure 1. TASK-3-specific labelling of formalin-fixed histopatho-
logical tissue sections obtained from primary and metastatic mela-
nomas. (A) Application of a polyclonal antibody (Alomone Labs 
Ltd.) after completing the antigen retrieval (AR) with citrate buf-
fer. Inset shows the result of a preadsorption control experiment. 
(B) Application of the monoclonal antibody after completing the 
AR with Tris buffer incubation. Inset shows the immunoreaction 
performed on a tissue section excised from metastatic melanoma 
of the small intestine. (C) Immunoreaction using a polyclonal anti-
body (Alomone Labs Ltd.; Tris incubation). Filled arrows indicate 
surface membrane labelling of cells, open arrow shows a cell whose 
process demonstrates strong TASK-3-positivity. (D) In the main 
panel the same antibody and AR were employed as in (A), in the 
inset, monoclonal antibody was used (after Tris incubation). In the 
main panel arrows indicate cells with intense perinuclear labelling; 
this phenomenon is also obvious in the inset. (E) Immunoreactions 
after applying the polyclonal antibodies (main panel: Santa Cruz 
Biotechnology Inc., citrate incubation; inset Alomone Labs Ltd., 
Tris incubation). In the main panel arrow shows a cell with promi-
nent intense perinuclear immunopositivity. In the inset, the arrow 
indicates a cell with a reticular distribution of labelling between 
the nuclei. (F) Immunoreactions obtained using the monoclonal 
antibody (Tris incubation). Arrow indicates a cell with an obvious 
purple, granular pattern of immunopositivity. Bars A, B 100 µm; 
C–F 25 µm.
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nor other tissue specimens treated with preadsorbed pri-
mary antibodies showed appreciable immunopositivity. 
TASK-3 immunopositivity was observed in metastatic 
melanomas (inset of Fig. 1B).
Figure 1C–F summarises the results of the TASK-3-spe-
cific immunoreactions when investigated at higher mag-
nification. All three primary antibodies produced reliable 
labelling of the melanoma cells. Although the immu-
nopositivity occasionally seemed to be associated with 
the cell surface (see the cells indicated by white arrows 
in Fig. 1C), in most of the cases the strongest labelling 
was seen intracellularly, often giving a granular pattern 
(Fig. 1F). A prominent perinuclear distribution of immu-
nopositivity was frequently seen (Fig. 1E, F); in the cases 
of tumourous giant cells or dividing forms, strong im-
munopositivity was often situated between the individual 
nuclei (inset in Fig. 1E). In some cases the immunore-
action was strongest at one of the poles of the nucleus 
(Fig. 1D and inset of F). The observable processes of 
the melanoma cells also showed immunopositivity (see 
the cells indicated by the oblique and black arrows in 
Fig. 1C and E, respectively). Although the general pat-
tern of the labelling was the same for all three primary 
antibodies tested, there was a certain difference in terms 
of the nuclear labelling: the antibody purchased from the 
Alomone gave the strongest nuclear reaction (although 
clearly negative nuclei were also observed; see Fig. 1C, 
1D and E inset), whereas the nuclear positivity was less 
pronounced when the other two primary antibodies were 
utilised (Fig. 1E, F).
Altogether 14 melanoma tissue samples (7 primary, 
melanotic, skin melanomas and 6 metastatic ones) were 
investigated in the frame of the present study and the 
distribution of the immunopositivity was very similar to 
those presented in Figure 1 in each case. The intensity of 
the reaction was strong (assessed as ++++ or +++) in 10 
out of the 14 investigated melanoma sections, in 3 cases 
it was somewhat weaker (++), whereas in one metastatic 
melanoma sample the immunopositivity was present but 
hardly detectable (+). Although neither the total number 
of samples nor the limited diversity of the tumour sec-
tions (all the primary tumours corresponded to Clark IV 
or Clark V stages) available permitted a comprehensive 
analysis of the possible alterations of the TASK-3 expres-
sion patterns of the melanoma tissue samples, no obvious 
differences were seen in the characteristics of the immu-
nopositivity (i.e. ratio of the labelled nuclei, intensity of 
the reaction) amongst the individual cases.

TASK-3 immunopositivity of formalin-fixed, paraf-
fin-embedded benign naevus sections. As the presence 
and function of the TASK-3 channels are thought to be 
associated with the genesis of certain malignant tumours, 
we investigated whether TASK-3 immunopositivity was 
a unique feature of the melanoma cells, distinguishing 

them from healthy melanocytes, or whether the melano-
cytes also possessed noticeable TASK-3 immunoposi-
tivity. As demonstrated in Figure 2, most melanocytes 
showed distinct and strong TASK-3 positivity, with all 
three primary antibodies tested. The labelling often gave 
a clearly granular pattern (Fig. 2A–C, arrows). Similarly 
to the melanoma tissue specimens, the labelling was not 
prominent without AR (not shown), whereas the appli-
cation of one of the AR methods greatly enhanced the 
intensity of the immunoreaction. The distribution pat-
tern of the labelling was essentially the same as in the 
melanoma sections (intense perinuclear labelling; see the 
cell indicated by arrow in Fig. 2C). Similarly to the mela-
noma sections, the nuclear polymorphism (the presence 
of labelled as well as unlabelled nuclei) was also noted in 
tissue sections obtained from benign moles. The pread-
sorption control experiments did not result in noticeable 
immunopositivity (Fig. 2D). Similar experiments were 
carried out on tissue samples excised from four different 
nevi, with similar results.

TASK-3 immunopositivity of human melanoma 
cells maintained in cell culture. The investigation of 
the TASK-3 expression of the melanoma cells in tissue 
samples clearly indicated that they possessed TASK-3 
positivity. However, although formaldehyde-fixed tissue 
samples are appropriate for the investigation of the pres-
ence and distribution of the TASK-3 immunolabelling, 
they cannot be used for functional experiments, which 

Figure 2. TASK-3-specific labelling of benign moles. (A) Immu-
nolabelling obtained using polyclonal antibody (Alomone Labs 
Ltd., citrate incubation). Arrow indicates a cell showing prominent, 
granular immunolabelling. (B) Immunolabelling obtained using 
polyclonal antibody (Alomone Labs Ltd., citrate incubation). Ar-
row indicates a naevus cell whose process demonstrates intense 
TASK-3-specific labelling. (C) Immunoreaction obtained using the 
other polyclonal antibody (Santa Cruz Biotechnology Inc., Tris in-
cubation). Arrows indicate cells with strong, intracellular labelling. 
(D) The result of a preadsorption control experiment (Alomone 
Labs Ltd., Tris incubation). Bar A–C 25 µm; D 375 µm.
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– on the other hand – would be essential for the more de-
tailed investigation of both the functional relevance of the 
TASK-3 channels, and the consequences of the manipu-
lation of these channels. As such experiments are most 
conveniently performed on melanoma cells maintained 
in cell culture, in the next step of the experiments TASK-
3 immunopositivity of the cultured melanoma cells was 
investigated.
Three cell lines were employed for the immunocyto-
chemical experiments (see Materials and methods). The 
identity of the cells in the tissue culture was confirmed by 
demonstrating their S-100 protein and HMB-45 positivi-
ties (not shown). The homogeneity of the cultures was as-
sessed by determining the ratios of the HMB-45 positive 
and negative cells in all three cell lines. The proportion 
of the non-HMB-45-positive cells was so low [HMB-45-
positive cells: 97 ± 2; 93 ± 3 and 95 ± 4% for the primary 
(n = 630) and the two metastatic cells lines (n = 1345 and 
n = 1137), respectively; average ± SD] that their pres-
ence did not disturb either the immunocytochemical or 
the Western blot experiments.
All types of TASK-3-specific primary antibodies gave 
strong and consistent immunopositivity when tested on 

either primary or metastatic melanoma cell lines (not 
shown), although when switching to higher magnifica-
tions (Fig. 3) there were some differences between the 
intracellular labelling patterns produced by the indi-
vidual primary antibodies. The antibody targeting the 
epitope near the N terminus of the channel gave more 
intense nuclear-perinuclear reaction, whereas the other 
two primary antibodies (recognising epitopes near the C 
terminus of the peptide chain) produced less prominent 
(but definitely present) nuclear-perinuclear positivities 
(compare Fig. 3A, D, F with B, E). On the other hand, 
antibodies recognising the N terminus gave particularly 
rich and complex patterns of intracellular positivity (see 
the confocal image demonstrated in the inset of Fig. 3A). 
Although this seemed to be less pronounced in case of the 
antibody specific for the epitope near the N terminus of 
the protein (especially when investigating the results with 
conventional fluorescent microscopy), confocal micros-
copy clearly revealed that the rich intracellular labelling 
was also present in these instances (Fig. 3G). Regardless 
of the primary antibody employed, however, the cytoplas-
mic reaction always seemed to concentrate around or at 
one pole of the nucleus, and (in case of polynuclear cells) 

Figure 3. High magnification view of the TASK-3-specific immunolabelling of the melanoma cell lines. (A) Application of monoclonal 
antibody (WM35 cell line). Distinct reticular pattern of the immunopositivity is most prominent in the proximity of the nuclei, which is 
particularly obvious using confocal microscopy (inset: nuclei are visualised by their DAPI labelling). (B) Application of polyclonal anti-
body (Alomone Labs Ltd.) on the cell line HT199. Open arrow indicates a cell with immunopositivity between the nuclei. Filled arrows 
show the positions of two cells demonstrating no TASK-3 labelling. (C) TASK-3 (Alomone Labs Ltd.) and HMB-45 double labelling of the 
HT199 cell line combined with DAPI labelling of the nuclei. Arrows indicate cells whose nuclei are clearly seen but do not demonstrate 
either TASK-3- or HMB-45-positivity. Inset shows the result of the TASK-3-specific labelling of the same visual field. (D) Application of 
polyclonal antibody (Santa Cruz Biotechnology Inc.) on the cell line WM35. Arrow indicates the strong, reticular pattern of the labelling 
between and around the cell nuclei. (E) Application of polyclonal antibody (Alomone Labs Ltd.) on the cell line WM35. Arrow indicates 
the strong labelling between the nuclei. (F) Application of monoclonal antibody on the cell line HT199. Open arrow indicates the strong, 
reticular immunopositivity pattern in the proximity of the nuclei; filled arrow points to a portion of the cell with immunolabelling of the 
cell surface membrane. (G) Application of polyclonal antibody (Alomone Labs Ltd.) on the cell line WM35, viewed with confocal micros-
copy. Arrow indicates a portion of the cell with cell surface membrane immunopositivity. Bars 25 µm. (H) Western blot conducted using a 
polyclonal antibody (Alomone Labs Ltd.). Lane 1: Total cell lysate (160 µg protein); lane 2: nuclear fraction (50 µg protein). Lanes 3 and 
4: same but primary antibody was co-incubated with its specific blocking peptide. The numbers on the right indicate the positions of the 
molecular weight standards (kDa).
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between the nuclei, giving the appearance of a ‘mesh-
work’ (hollow arrows in Fig. 3B, D–F). In some cases the 
immunolabelling was clearly associated with the surface 
membrane (filled arrows in Fig. 3F, G).
The dividing cells showed more intense TASK-3 label-
ling in all three cell lines tested than the neighbouring, 
not dividing ones. The immunopositivity was present in 
the entire cytoplasm in these dividing cells, showing an 
intense and rather homogeneous appearance. In the cells 
just completing cell division, the TASK-3 immunoposi-
tivity was usually concentrated in between or just around 
the newly formed nuclei. In two cases, WM35 cells were 
maintained in 1% serum for 24–48 h (similar to the 
method described by Pei et al. [18]) to investigate how 
this manoeuvre altered the TASK-3 immunopositivity 
pattern. Although neither the distribution of the TASK-
3-specific labelling, nor the proportion of the TASK-3-
positive nuclei changed significantly, the intensity of the 
immunopositivity increased compared with that observed 
in control melanoma cells.
It is worth noting that some of the cells situated in the tis-
sue culture did not show anti-TASK-3 immunopositivity 
(cells indicated by arrows in Fig. 3C). As seen in Fig-
ure 3C, the cells with no TASK-3 positivity were the ones 
that did not present melanoma-specific markers (in the 
present case no HMB-45 positivity could be observed).

Western blot experiments. The results of the immuno-
histochemical and immunocytochemical experiments in-
dicated that all three primary antibodies labelled the same 
structures and the same cells, with some differences in 
the relative intensities of the various subcellular struc-
tures (cytoplasmic vs. nuclear-perinuclear reactions). Al-
though it seemed to be very unlikely that all three primary 
antibodies produced the same distribution of a non-spe-
cific labelling, to provide further evidence of the validity 
of the immunoreactions, Western-blot experiments were 
conducted using protein samples prepared from mela-
noma cell cultures. Figure 3H shows a representative 
example of such experiments. As shown, the total pro-
tein preparation resulted in two distinct bands (lane 1), 
corresponding to the monomer and dimer forms of the 
channel. Neither band was observed if the primary anti-
body was preincubated with its specific blocking peptide 
(lane 3). Moreover, the nuclear fraction from the same 
culture gave a strong, specific band appeared at the posi-
tion corresponding to the human TASK-3 channel mono-
mers (lane 2). The preadsorption control experiments did 
not result in positive labelling (lane 4), further confirm-
ing the specificity of the immunoreaction.

TASK-3 immunopositivity of the rat zona glomeru-
losa and of transfected C2C12 and HEK cells. The re-
sults presented so far suggested that the melanoma cells 
possessed strong TASK-3 immunopositivity. However, 

the rich intracellular labelling and the relatively sparse 
cell surface membrane positivity were somewhat surpris-
ing. It seemed to be logical, therefore, to check whether 
positive immunolabelling could be obtained in a tissue 
section where the presence and activity of the TASK-3 
channels had been already functionally demonstrated on 
the surface membrane. The most obvious selection was 
the rat adrenal gland, for which the prominent role of 
the TASK-3 channels controlling aldosterone secretion 
had been convincingly demonstrated previously [29]. 
The experiments on the rat adrenal gland sections were 
performed using the polyclonal antibody recognising the 
epitope near the N terminus of the channel, as this anti-
body had confirmed rat TASK-3 channel specificity. As 
the low magnification part of Figure 4A demonstrates, 
intense immunolabelling was observed in the most su-
perficial part of the adrenal gland, corresponding to the 
aldosterone producing zona glomerulosa. Less intense, 
but clearly present positivity was also noted in the ad-
renal medulla. In contrast, neither the connective tissue 
encapsulating the adrenal gland (Fig. 4B), nor the other 
two layers of the adrenal cortex (Fig. 4A) demonstrated 
considerable TASK-3 positivity. Higher magnification 
(Fig. 4B, C) revealed that the cell nuclei of the otherwise 
strongly labelled rat zona glomerulosa cells showed no 
TASK-3 positivity at all. Moreover, importantly, the cell 
membrane demonstrated strong and definite TASK-3 la-
belling. Positive labelling was also seen in the cytoplasm 
of the cells, and in some cases it showed a clearly granular 
distribution. Therefore, the antibody used in this experi-
ment was capable of recognising the TASK-3 channels in 
the cell membrane (and in the cytoplasm), suggesting that 
the relatively weak surface membrane positivity observed 
in human melanoma cells was not the consequence of the 
inadequacy of the primary antibodies, but indicated the 
low quantity of these channels there.
In the next set of experiments, cell lines that were TASK-
3 negative were transfected with TASK-3 channel coding 
vectors (both stable and transient transfection systems 
were employed) and analysed to confirm that all three 
primary antibodies recognised the appropriate channel 
protein. As shown in Figure 4D–F, strong immunpositiv-
ity was observed in those C2C12 cells where the trans-
fection was successful; and the close proximity of the 
non-transfected cells provided convenient intrinsic nega-
tive controls of the reaction. As demonstrated, the immu-
nolabelling of the successfully transfected C2C12 cells 
showed a rich, reticular, cytoplasmic distribution (similar 
to the results of Callahan et al. [30]) without obvious nu-
clear reaction. No positively labelled cells were observed 
in the mock-transfected C2C12 cell cultures.
Stably transfected HEK cells were also employed, and 
representative results of their TASK-3-specific immu-
nolabellings are presented in Figure 4I and J. As shown, 
strong immunopositivity was observed in the cytoplasm, 
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but it also appeared in the surface membrane (Fig. 4J). 
Preadsorption control experiments conducted on the sta-
bly transfected HEK cells did not result in appreciable 
labelling (not shown).
Functional measurements were also made for transfected 
HEK cells, and the results of these trials are shown in 
Figure 4G and H. As seen in Figure 4H, when the trans-
fected HEK cells were subjected to depolarisation, a large 
outward current appeared, which could be effectively 
blocked by extracellular acidification. As indicated, the 
inhibitory effect of shifting the extracellular pH from 
7.4 to 6.0 proved to be reversible. When a suitable ramp 
protocol was applied, a current could be recorded which 
reversed near the calculated equilibrium potential of K+ 
(Fig. 4G). When the same protocol was repeated in a 
more acidic extracellular solution (pH 6.0), the current 
was strongly inhibited, without changing its reversal po-

tential. The effect of acidic extracellular pH on the cur-
rent evoked by depolarising ramp protocols could also be 
effectively reversed.

Distribution of a TASK-3-GFP fusion protein in the 
melanoma cells. One of the most surprising discoveries 
of the present experiments was the finding that the TASK-
3 channel protein seems to appear in the nucleus of the 
melanoma cells. Although the immunocytochemistry and 
immunohistochemistry data, along with the results of he 
Western-blot experiments, indicated that this observa-
tion was not an artefact, one more test was performed to 
see whether the channel protein could enter the nuclei of 
the cells. In these experiments the melanoma cells were 
transfected with a newly constructed TASK-3-GFP-en-
coding plasmid, and the distribution of the fluorescent 
protein was tested 2–3 days after the transfection. As 

Figure 4. Positive control experiments assessing the applicability of the primary antibodies. (A) Low magnification view of an immuno-
reaction conducted on tissue sections excised from formalin-fixed rat adrenal gland using a polyclonal antibody (Alomone Labs Ltd.). 
Intense immunopositivity is present in the zona glomerulosa of the adrenal cortex (G) along with a somewhat weaker but clear labelling 
of the adrenal medulla (M). (B, C) High magnification views of the TASK-3 labelling of the rat zona glomerulosa. The immunopositivity 
is clearly present in the cell surface membrane (see arrow in C). The connecting tissue encapsulating the adrenal gland (*) does not show 
noteworthy labelling. Bars 100 µm (A), 25 µm (B) and 12.5 µm (C). (D–F) TASK-3 labelling of transiently transfected C2C12 cells. (D, E) 
Monoclonal antibody was applied (co-localisation images with the result of the DAPI labelling); whereas (F) shows the situation after ap-
plying polyclonal antibody (Alomone Labs. Ltd.). Cells that were not transfected seen in the proximity show no or very faint immunoposi-
tivities. Bars 25 µm (D, F) and 37.5 µm (E). (G, H) Functional demonstration of the TASK-3 channels in the surface membrane of stably 
transfected HEK cells. (G) Cells were held at – 80 mV, and a 800-ms ramp protocol was applied from –120 mV to +50 mV (corresponding 
to a membrane potential change of 0.2125 V/s). The protocol was repeated in every 3 s, and the averages of five traces are shown. The con-
trol, pH 7.4, is presented in black; the current trace recorded in a more acidic extracellular solution, pH 6.0, is red; the blue trace represents 
the result of the wash-out. (H) The cell was held at – 80 mV, then a pre-pulse potential was applied to –  90 mV for 200 ms, followed by a 
depolarisation to +30 mV for 600 ms. Currents appearing during the depolarisation are plotted (black: control; red: pH 6.0; blue: wash-out). 
Bar 3 nA and 200 ms. (I, J) TASK-3-specific immunolabelling using (I) a polyclonal antibody (Alomone Labs Ltd.) (composite confocal 
view), and (J) monoclonal antibody (co-localisation with DAPI) on stably transfected HEK cells. Bars 25 µm.
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demonstrated in Figure 5A, the successfully transfected 
melanoma cells showed intense fluorescence. Moreover, 
the distribution of the green fluorescence (Fig. 5B) was 
similar to that observed in the immunocytochemistry ex-
periments (Fig. 3A); the fluorescent signal was present in 
the cytoplasm, it could be clearly observed in the nucleus 
(but it spared the nucleolus; Fig. 5C), and it concentrated 
in the terminal regions of the processes (Fig. 5B, D).

Discussion

In the present study, three different TASK-3-specific an-
tibodies (a newly developed monoclonal and two poly-
clonal) were employed to assess the TASK-3 expression 
of melanoma cells both in formalin-fixed, wax-embed-
ded tissue sections and in cultures using immunocyto-
chemistry. The specificity of the primary antibodies was 
confirmed by functional, Western-blot, and heterologous 
expression experiments. Melanoma cells proved to be 
strongly positive for TASK-3, regardless of the primary 
antibody used. Strong intracellular positivity was observed 
that seemed to be associated with the nuclear envelope 
and other intracellular membranes. The data presented 
indicate that neither the presence nor the distribution pat-

tern of the TASK-3-specific labelling differs in malignant 
melanoma cells and in benign melanocytes, thus TASK-
3-specific labelling cannot distinguish between a benign 
mole and a malignant melanocytic tumour.

Possible roles of TASK-3 channels under physiologi-
cal and pathological circumstances. TASK-3 channels 
are ubiquitously present ‘background’ K+ channels. The 
molecular composition, biophysics and pharmacology of 
these channels have been thoroughly studied in the past 
few years, but (for obvious reasons) mostly in heterolo-
gous expression systems and in animal tissues. There are 
a number of physiological functions related to the activ-
ity of TASK-3 channels: they are responsible for the aci-
dosis and hypoxia sensitivity of both the peripheral and 
central chemoreceptors [23, 31–34], and have important 
roles in the regulation of aldosterone secretion in the zona 
glomerulosa cells of the adrenal medulla [29]. They may 
have significance in the mediation of short- and long-term 
changes of neuronal excitability [1, 35–41], they may be 
involved in the neurone-glia interaction [42], and they 
may regulate cell apoptosis ([15, 16]; for a review see 
[43]). The significance of TASK-3 channels has also been 
implied in a number of pathological situations and condi-
tions. Since they are activated by certain volatile general 
anaesthetics and their activity results in membrane hyper-
polarisation and reduced excitability, they may mediate 
the effects of halothane and isofluorane [14]. Moreover, 
along with that of the TASK-1 channels, their activation 
may also be responsible for the reduced ventilatory drive 
observed under general anaesthesia as their activation by 
the volatile compound hyperpolarises the chemorecep-
tor cells, making them less sensitive to either hypoxia or 
acidosis [44, 45]. It has also been demonstrated that the 
activity of TASK channels may provide protection for 
apoptosis and neuronal death [16]. TASK-1, TASK-2, and 
TASK-3 channel activation could all prevent apoptosis of 
C8 cells maintained in tissue culture; but only TASK-3 
channels could do so in brain slices. The neuroprotective 
effect of TASK-3 channel activity may also explain why 
isofluorane application reduces neuronal cell death.
Although TASK-3 channel activity may induce apoptosis 
(in the case of cerebellar granule cells, this seems to be 
an important mechanism controlling the number of sur-
viving granule cells in the cerebellar cortex, [15]), under 
certain experimental conditions the presence and activ-
ity of TASK-3 channels may have the opposite effect. 
Namely, overexpression of TASK-3 channels could ef-
fectively reduce the TNF-induced cell apoptosis, whereas 
the non-K+-permeable point mutant (TASK-3G95E) did not 
have the ability to do so [18]. Although it is not clear 
why TASK-3 activity may either induce or prevent cell 
apoptosis, the fact that TASK-3 channels can promote 
cell survival seems to be important for their tumorigenic 
functions. This observation is corroborated by previous 

Figure 5. Distribution of a TASK-3-GFP fusion protein in mela-
noma cells maintained in cell culture. (A) Differential interference 
contrast view of melanoma cells (WM35) maintained in cell culture 
superimposed with the fluorescent image of the same visual field 
showing the presence of the TASK-3-GFP fusion protein in the 
successfully transfected cells. (B) Intracellular distribution of the 
TASK-3-GFP fusion protein in a melanoma cell. Composite image 
of seven individual sections (z = 1 µm). (C) High magnification 
view of the same cell demonstrating its nuclear region. (D) High 
magnification view of the same cell showing the end of the lower 
process (as seen in B). Bars A, B 20 µm; C 10 µm; D 5 µm.
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reports about the amplification of kcnk9 gene and over-
expression of the TASK-3 channel protein in certain ma-
lignant tumours [17].
So far, the presence of TASK-3-specific immunoreactiv-
ity has been reported in colorectal cancers, and gastric 
cancer [20, 46]. It has also been demonstrated that a cell 
line derived from lung cancer (Ben) overexpresses TASK-
3 channels. Considering the potential significance of the 
TASK-3 channels in tumorigenesis, it seems reasonable 
to assume that a correlation might exist between the pres-
ence, quantity or distribution of TASK-3 channels and 
certain clinical, histological or biological properties of the 
tumours. To assess such correlation, an effective, reliable 
and specific anti-TASK-3 antibody is required. The newly 
developed monoclonal antibody utilised here seems to be 
a good candidate to perform the necessary experiments. 
In the presence of the appropriate AR technique, it gave 
good immunopositivity in all cases that were also positive 
with the polyclonal antibodies, thus it allows large-scale 
retrospective analyses to be performed on paraformalde-
hyde-fixed, waxed-embedded tissue sections.

Is the immunolabelling pattern observed here the 
consequence of specific binding? The distribution of 
TASK-3 immunopositivity reported in the present work 
was surprising. The labelling was particularly prominent 
intracellularly, where it gave strong reticular pattern, 
which often concentrated in the perinuclear region, and 
also seemed to associate with the nuclear envelope. The 
immunolabelling appeared to be very strong in the pro-
cesses of the melanoma cells, both in cell culture and 
in wax-embedded tissue sections. Interestingly, the im-
munolabelling of the cell surface of the melanoma cells 
was not particularly strong. The relatively low intensity 
of the distinct surface membrane labelling observed in 
melanoma cells could have been interpreted as the inad-
equacy of the antibodies to recognise the TASK-3 chan-
nel protein. There are, however, several lines of evidence 
clearly contradicting this possibility: First, no distinct cell 
surface labelling could be seen with any of the applied 
primary antibodies, and it is rather unlikely that none of 
them recognises the channel protein against which they 
had been raised. Second, in expression systems where 
cells were transfected with TASK-3 channel protein en-
coding vectors, all antibodies gave intense positivity in 
the successfully transfected cells, and no labelling was 
observed in the controls. Third, in cells where the pres-
ence of functional TASK-3 channels has been reported 
(rat zona glomerulosa [29]; or the stably transfected HEK 
cells, where the presence and activity of TASK-3 chan-
nels was electrophysiologically confirmed as part of this 
study), the surface membrane showed clearly recogni-
sable TASK-3 positivity. It is worth noting that the distri-
bution of the TASK-3 positivity was very similar to that 
presented by Berg et al. [36] employing a different type 

of antibody, recognising the C terminus of the TASK-3 
channel protein, further confirming the reliability of the 
data presented in this work.
It can be concluded, therefore, that all three antibodies 
recognise the TASK-3 channel protein, but it is equally 
important to verify their specificity. Obviously, the ulti-
mate test of the primary antibodies employed here would 
be their application in a human TASK-3 knockout sys-
tem. In the absence of such model, however, less effective 
methods should be attempted, which are not as powerful 
alone as the potential use of a knockout system, but their 
combination can be regarded as a possible way to confirm 
specificity. The following observations indicate the spec-
ificity of the immunolabelling demonstrated in this work. 
Three different primary antibodies, recognising three dif-
ferent epitopes of the TASK-3 channel protein gave very 
similar labelling patterns. Although the intensity of the 
labelling was somewhat different, no difference was ob-
served in terms of the types of cells recognised. Given 
the facts that all three antibodies were raised in different 
species, and the preadsorption control experiments gave 
consistently negative results, the possible non-specific 
binding of the secondary antibody could also be ruled 
out. The transfection experiments and the use of positive 
control tissues (zona glomerulosa and human cerebellar 
sections [20, 22]) also pointed out the applicability of the 
antigens. It is worth noting that the TASK-3-specific la-
belling of the rat zona glomerulosa was possible as the 
identity between the human and rat TASK-3 channels is 
94% over the first 250 amino acids, thus antibodies raised 
against an epitope near the N terminus of the channel are 
expected to be specific for both rat and human TASK-3 
channels [3].
The specific labelling pattern observed in the tissue sec-
tions was also recognised as an indication of the specific-
ity: none of the antibodies labelled the connective tissue, 
thus it served as an intrinsic negative control of the reac-
tion. The rather specific intracellular pattern also indicated 
specific, rather than non-specific binding. The Western 
blot experiments also gave reliable results, indicating one 
or two bands (corresponding to the monomer and dimer 
proteins), whose presence could not be observed in the 
presence of the specific immunising peptide. Associa-
tion of the labelling with the nuclear envelope was also 
confirmed by the Western blot experiments performed on 
a nuclear fraction, where the immunopositive band ap-
peared at the expected molecular weight, and its appear-
ance could be consistently blocked by the preincubation 
of the primary antibody with its specific blocking pep-
tide. Finally, the similarity between the distribution of the 
TASK-3-GFP fusion protein and the immunochemistry 
results also confirmed the validity of the presented data.

What might be the explanation of the intense intra-
cellular labelling? These lines of evidence convincingly 
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demonstrate that the labelling pattern reported here is not 
an artefact. What might be, therefore, the explanation of 
the rather intense cytoplasmic reaction observed in this 
study? Intense intracellular positivity in transfected cells 
has also been reported in other studies [30, 47], imply-
ing that the intense synthesis of the channel protein may 
result in this distribution pattern. This might suggest that 
intense TASK-3 channel production also occurs in mela-
noma cells; but why do they not seem to appear at the 
cell surface in large quantities? In a recent study it was 
demonstrated that the interaction between the adapter 
protein 14-3-3 and the TASK-3 channels is essential for 
the proper trafficking and translocation of the molecule 
[48]. In the case of the TASK-1 channel, the interaction 
required a pentapeptide motif at the extreme C terminus, 
and deletion of a single amino acid at the C-terminus of 
both TASK-1 and TASK-3 channels abolished binding 
to 14-3-3, resulting in the inappropriate translocation of 
the channel protein to the cell surface membrane and a 
significant reduction of the macroscopic current. It is an 
intriguing possibility that, while the TASK-3 channels 
of the melanoma cells are synthesised by the appropri-
ate cellular machinery in large quantities, the individual 
channel proteins are not properly translocated, either due 
to lack of proper interaction with the 14-3-3 protein (i.e. 
as the result of a mutation affecting the 14-3-3 binding 
motif) or due to other, currently unknown reasons.
It may also be the case that certain tumour cells lack the 
necessary system(s) required for the translocation, which 
may (at least partially) explain why the current density 
is much less in the malignant melanoma or the Ben cells 
than in healthy ones (zona glomerulosa, cerebellar gran-
ule cells, etc.). It has been implied that the actual current 
density present in the appropriate cells may be the key in 
determining whether TASK-3 channels serve anti-apop-
totic or pro-apoptotic function; thus, the presence and 
activity of the translocational machinery of the cells may 
also be a decisive factor.
It should also be noted that the intracellular localisation 
of TASK-3 immunopositivity is not entirely unusual. 
Such localisation has been reported for rat cerebellar and 
cochlear astrocytes [22], large intestinal mucosa, pan-
creatic islet cells [20], and in certain neurones of the rat 
central nervous system [30]. In the latter case, immuno-
gold technique was employed and large quantities of the 
immunoreactive products were found in the Golgi appa-
ratus, endoplasmic reticulum and intracellular organelles. 
It is most likely that the TASK-3 channels are also present 
in these structures of the melanoma cells. Moreover, on 
the basis of the observations made in cultured melanoma 
cells, it cannot be ruled out that TASK-3 channel proteins 
may be associated with the nuclear envelope and they 
may be present in the mitochondrial membrane. One can-
not, therefore, exclude the possibility that the presence 
of TASK-3 channels in the membranes of intracellular 

organelles is a common feature for these cells, playing an 
important, yet unknown role in the cellular functions.
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