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Abstract. Potassium ions play an important role in the regulation of steroidogenesis, water-salt balance,
apoptosis, proliferation. However, the nuclear phase of the agonist signaling in adrenocorticocytes remains
poorly understood. The aim of the work was to elucidate the effect of potassium on the level of nuclear
transcription factor c-Fos in human tumor adrenocortical tissue (aldosteroma). Methods. Expression of
c-Fos transcription factor in aldosteromas was detected using Western-blot analysis. Results. The increase of
c-Fos level in human aldosteroma cells at potassium physiological concentration of 3.5 mmol/l compared to
medium without potassium was observed. The level of cFos did not change after 8.5 mmol/I K* administration.
The possible participation of transcription factor c-Fos in steroidogenic effects of K* is being discussed.
Conclusions. The results of study suggest that K* can have a direct effect on the expression level of nuclear

transcription factor c-Fos in tissues from human aldosteromas.
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Potassium is one of the major regulators of min-
eral corticoid function in the adrenal cortex. The
response to potassium is associated with a rapid in-
crease in aldosterone secretion. On the other hand,
K*is known as principal regulator of apoptosis in
the adrenal and other tissues [1- 3]. Although K*
stimulates an increase in cAMP formation and
cAMP-dependent protein kinase A [4], other sec-
ondary messengers including protein kinase C
(PKC) [5, 6], Ca**-calmodulin-dependent protein
kinase [7] are also activated by potassium. Stimuli
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that involve PKC and Ca*-calmodulin dependent
protein kinase also induce members of the mitogen-
activated protein kinase (MAPK) family of serine/
threonine kinases [2]. MAPK include c-Jun N-
terminal kinase (JNK), p42/p44 ERK1/2 (extra-
cellular signal-regulated kinase) and p38 kinase.
These serine/threonine kinases activate down-
stream transcription factors, which in turn induce
expression of target genes. The transcription fac-
tors c-Jun, c-Fos, NF-kB were stimulated by K* in
different types of cells [8, 9, 10]. Effects of K* differ
in normal and tumor adrenocortical tissues. It was
shown that the adrenal tumor tissue is less sensitive
to proapoptotic action of potassium [1].
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The aim of this work was to elucidate the effect
of potassium in the human tumor adrenocortical
tissue on the level of MAPK-dependent transcrip-
tion factor cFos.

Materials and methods

Material. All the salts were provided by Mer-
ck (Germany); Tween 20 - by Ferak (Germany);
HEPES, BSA (V fraction, content of lipids less
than 0.1%) - by Serva (Germany). Lysis buffer, pri-
mary and secondary antibodies for c-Fos, B-actin by
Cell Signaling Technology and Sigma (USA). The
rest of reagents were obtained from local suppliers.

Tissue. The study was approved by the Insti-
tute’s Ethics Committee. Effects of potassium ion
were studied in tumor tissue (aldosteromas) of the
human adrenal cortex.

Conditions of incubation. The adrenal tumor
tissue was placed on ice, trimmed from fat and con-
necting tissue and cut into slices. Slices were incu-
bated during 30 min at 37 °C in 1 ml of Krebs-Ring-
er phosphate buffer (pH 7.6) containing 2 mmol/I
CaCl,, 20 mmol/l HEPES, 2 mg/ml BSA and
0-8,5 mmol/l KCI. At the end of incubation tubes
were cooled.

Western blotting. The tissue was homogenized
in 200 pl of the lysis buffer containing a cocktail
of protease and phosphatase inhibitors, homog-
enate were centrifuged for 15 min at 15,000 g
and stored at -60 °C until use. Protein concentra-
tion was determined according to Bradford [11].
Protein samples were boiled in the sample buffer
(100 mmol/l Tris-HCI, 4% sodium dodecyl sul-
fate, 0.2% bromophenol blue, 20% glycerol, 10%
dithiothreitol) and separated by SDS-PAGE 9%
gels [12]. 30 ug of protein were applied per each
lane. Proteins were transferred onto nitrocellu-
lose membranes Hybond-C (Amersham Life Sci-
ence, UK) by semidry blotting. Membranes were
blocked with Tris-buffered saline/0.1% Tween 20
containing 5% nonfat dry milk and incubated with
primary antibodies for 1 h at RT. After washing
three times with Tris-buffered saline/0.1% Tween
20, the blots were incubated with horseradish per-
oxidase-conjugated species-specific secondary an-
tibody for 1 h at room temperature and then were
again washed three times. Complexes were visual-
ized using the ECL reagents (Amersham Life Sci-
ence, UK). As loading control B-actin was used.
X-ray films were photographed by a digital video
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camera, scanned using «Gel Pro Analyzer» v. 4.0
software.

Statistics. All data were expressed as a mean
+M. Differences between groups were examined
for statistical significance using Student’s t-test.
P<0.05 denoted the presence of a statistically sig-
nificant difference.

Results and discussion

Activity of MAPK and its downstream tran-
scription factors was associated with apoptotic
or proliferative processes [13]. In addition it was
suggested that this cascade kinases participate
in the gluco- and mineralocorticoids biosynthe-
sis regulation [14, 15]. c-Fos is one of the main
transcription factor activated by MAPK. To
study the effect of K on transcription factor c-
Fos expression and activation, Western blotting
of the proteins from tissue of the human adrenal
cortex tumor (aldosteroma) incubated at differ-
ent potassium concentrations was performed.
The decrease of K* concentration in incubation
medium from basal, physiological 3.5 mmol/I to 0
causes 1.3-fold decrease of c-Fos quantity (Fig. 1,
2). Rise of potassium content to 8.5 mmol/I - the
concentration that stimulates steroidogenesis
under normal conditions - did not change the c-
Fos level after 30 min of incubation (Fig. 1, 2).

There are no reports in the literature on
changes in the level of the nuclear transcription
factors under the influence of potassium ions on
the adrenocortical tissue. However, the partici-
pation of the c-Jun factor in the potassium effect
implementation was shown on cerebral neurons.
Potassium increased the level of ¢-Jun protein in
the cells and also accelerated the formation of the
transcription factor AP-1 as a homodimer com-
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Fig. 1. Representative Western-blot analysis of c-Fos, B-actin in
adrenocortical tumors after K+ administration.

One case of 3 studied is exemplified. T — medium without KCl,
2-3.5 mmol/I KCl, 3-8.5 mmol/I KCl.
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Fig. 2. Effects of K+ on c-Fos level in adrenocortical tumor
tissue (densitomic measurements) (M+m n=3).

1 — medium without KCl, 2-3.5 mmol/I KCl, 3-8.5 mmol/I KCl.

* — p<0.05 in comparison with 3.5 mmol/I KCl, t-test.

plex c-Jun, or heterodimer c-Jun/JunB. The level
of two AP-1 transcriptional targets (Bim and
FasL) was also increased [16].

Using the Western blotting method a translo-
cation of protein kinase C (PKC)a from cytosol
to membranes was showed after adrenal tissue
preincubation in the medium with increased K*
content (8.5 mmol/1). The translocation means
an activation of the enzyme. After incubation of
slices in a medium without potassium, the activity
of PKC in the microsomes decreases, compared
to the activity at the physiological concentration
of potassium ions (3.5 mmol/l). [1]. On the other
hand, PKC is a regulator of transcription fac-
tor AP-1 which play the role on steroidogenesis
regulation and c-Fos is a member of the activator
protein-1 (AP-1) family of transcription factors.

Thus, a decrease in the expression of
transcription factor c-Fos in the potassium
ions free incubation medium may indicate the
involvementofc-Fosintheinhibitory mechanisms
of aldosterone synthesis in adrenocorticocytes
with potassium concentrations below physio-
logical parameters.

It was shown that the rise of K* concentration
to 5.5-11 mmol/I caused intensification of DNA
laddering in conventionally normal human adre-
nal tissue. On the contrary, the high K* concen-
tration (elevated) decreases the intensity of DNA
laddering in tumor tissues [1]. We can conclude
that MAPK/c-Fos activation does not represent
the mechanisms responsible for such difference.

The results presented here demonstrate that K*
can have a direct effect on the expression level of
nuclear transcription factor c-Fos in the human
aldosteroma tissues. This is evidence for involv-
ing MAPK to mediate K* effects in adrenocortico-
cytes. However, the mechanisms of c-Fos-cellular
signaling remain unclear. Therefore, further studies
should be performed to identify c-Fos target genes
in the human adrenal cortex.

Conclusions

The results of study suggest that K* can have a
direct effect on the expression level of nuclear tran-
scription factor c-Fos in tissues from human aldo-
steromas.
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YpoBeHb AnepHoro (akTopa c-Fos B KneTkax
anbJ0CTEPOMbI YeN0BEKA NOJ BNMAHNEM KanuA

0.C. JlykaweHs, H.WU. JleBuykK
[Y «MHCTUTYT 3HLOKPVHONOTMK 1 0OMeHa BellecTs UM. B.IN. Kommnccaperko
HAMH YkpanHbi», r. Knes

Pestome. VIOHbl KanuA WrpalT BaxHYlO pPofib B perynaumu
CTepowjoreHesa, BOAHO-CONEBOro 6anaHca, anomnTo3a, Nponu-
depaunn. OpHako AAepHbli 3Tan nepeHoca CWrHana aroHucTa
B aApeHOKOPTMKOLMTAX OCTaeTCA ManonsyyeHHoiM. Lienbio paboTbl
6bin0 onpefeneHne JeNCTBUA MOHOB Kanva Ha YPOBEHb AAEPHOrO
bakTopa TpaHcKpunuun c-Fos B omnyxonax Kopbl HaaMouyeuHKoB
(anbgocTepomax) uYenoseka. MeTofbl. JKcnpeccunio  dakTopa
TpaHcKpunuun c-Fos onpegenann B anbAoCcTePOMax C NOMOLLbIO
BECTEpH-ON0T aHanusa. Pesynbrathl. [lpn  du3Monoruyeckom
KOHLeHTpaUmMM  MOHOB  Kamua 3,5 MMonb/n Habmioganoch
yBenuyeHve yposHA ¢akTopa C-Fos B KieTkax anbAoCTepOMbl
uenoBeka Mo CPaBHeHWIO C TaKOBbIM B MHKYOaLMOHHOW cpefe 6e3
KanwvAa. [py BO34encTsmn 8,5 MMONL/N MOHOB Kanna YpOBeHb C-FOS

HE U3MEHANCA. O6C)/>K,£LaeTCﬂ BO3MOXHOE y4aCTne TPaHCKPUMUMOH-
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Horo ¢aktopa c-Fos B cTepomporeHHsix 3dpdpektax K'. BbiBoa.
MokasaHo, YTo K* MOXeT HemocpeAcTBeHHO BAWATL Ha YPOBEHb
IKCNPeCcHn AAePHOro TPAHCKPUMLIMOHHOTO $akTopa c-Fos B TKaHm
anbAoCTEPOM YEeNOBEKa.

KnioueBble cnoBa: vOHbl Kanns, ajpeHOKOPTUKOLNTLI YENOBEK],
anbAocTepoma, GakTopbl TPAHCKPUMLMK,

PiseHb AnepHoro yuHHuKa c-Fos y KnituHax
anbA0CTEPOMI NIOANHN Nif BNAMBOM Kanito

0.C. JlykaweHs, H.1. JleBuyk
LY «IHCTUTYT eHgoKprHonorii Ta 06MmiHy peyoswH im. B.MN. Komicaperka
HAMH Ykpainu», m. Kuis

Pestome. [OHM Kanito BigirpaTs BaXnuMBy pofib Yy perynaui
CTepoiforeHesy, BOAHO-COMBbOBOrO 0anaHcy, anomnTosy, npofi-
dbepauii. lNpoTe AgepHWin eTan MNepeHeceHHs CWUrHamy aroHicTa
B aApPEHOKOPTMKOUWTAX 3aluWaETbCcd Mano BuBYeHUM. MeToro
po6oTn Oyno Bu3HaueHHA [ii iOHIB Kanito Ha piBeHb AfepPHOro
UYNHHWMKA TpaHCKpunuii c-Fos y nyxivMHax Kopu HaLHVPKOBUMX
3ano3 (anbgoctepomax) nognHn. MeTtopm. Ekcnpecilo YMHHMKa
TpaHCKpUALii c-Fos BM3HaYanu B anbAoCTepoMax 3a AONOMOrolo
BecTepH-0n0T aHanizy. Pesynbratu. 3a disionoriuHoi KoHueHTpauii
iOHiB Kanito 3,5 MMOnNb/N crocTepiranocs 30inbleHHA PiBHA YMHHIMKA
c-Fos y KnitvHax anbfocTepoMu JHOAWMHW MOPIBHAHO 3 Takum
B iHKyb6aLliiHoMy cepeposuLi 6e3 kanito. Mig A€o 8,5 Mmonb/n ioHis
Kanito piBeHb cFos He 3MiHIoBaBCA. OBroBOPIOETHCA MOXIIMBA YUacTb
TPaHCKPUNUIAHOTO UMHHKKa C-Fos y cTepoiforeHHux edekrax K*.
BucHoBoK. [MokasaHo, wo K' mMoxe 6e3nocepeHbo BMNANBATK Ha
piBEHb eKCnpecii AfePHOro TPaHCKPUMUIMHOIO YMHHKMKa C-Fos
Y TKaHWHI anbAoCTEPOM JTIOAVHN.

KnouoBi cnoBa: ioHW Kanito, aApeHOKOPTUKOUWUTU JIIOANHN,
anbAoCTepOMa, YNHHVKIN TpaHCKpUALIT.



