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Prednisolone in therapeutic concentrations blocks Ca2+ channels of lymphocyte plasma
membranes and prevents arachidonic acid-induced Ca2+ entry into the cells. Glucocorticoid
virtually did not modulate arachidonic acid-stimulated release of Ca2+ from intracellular
stores. No appreciable effect of the hormone on mitogen-induced changes in the intracellular
content of cAMP was detected.
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Acantholysis bullosa (AB) is an autoimmune disease;
the production of autoantibodies is associated with
both Th1 and Th2 lymphocytes [12]. The principal pa-
thogenetic treatment consists in prescription of systemic
glucocorticoid drugs [1,11]. The main drugs arresting
clinical signs of this severe disease are dexametha-
sone, prednisolone, and 6-methylprednisolone [10].

New data on the molecular mechanisms under-
lying the effects of glucocorticoids (GC) on cell func-
tion are reported [3,8]. Secondary messengers play a
certain role in the realization of early GC effects [4,5,9].

We studied the membranotropic effects of gluco-
corticoids on the second messenger system in lympho-
cytes from patients with AB.

MATERIALS AND METHODS

Blood (15 ml) was collected from the ulnar vein into
a plastic tube, containing 3 ml anticoagulant (25 g
hydrated sodium citrate). Blood (5 ml) was layered
with a Pasteur pipette onto Isopaque-Ficoll gradient
(3 ml) and centrifuged for 15 min at 1500g at am-

bient temperature. The upper layer containing mono-
nuclear leukocytes (MNL) was collected. The cells
were resuspended in Hanks medium and washed by
centrifugation. The suspension of peripheral blood
mononuclears isolated by the above method contains
90% lymphocytes and 10% monocytes [7]. About
70% MNL are T-lymphocytes. The cells were then
placed into 10 ml HEPES buffer of the following
composition (mM): 145 NaCl, 5 KCl, 1 Na2HPO4,
1 CaCl2, 0.5 MgSO4, 5 glucose, 10 Na-HEPES (pH
7.4) at 37oC.

Intracellular level of free Ca ions was evaluated
using Fura-2/AM fluorescent dye [2]. In order to mea-
sure cAMP in lymphocytes, after 40 min preincuba-
tion at 37oC the substances (20 µl) or 20 µl Hanks
solution (control samples) were added to the samples
containing 1 ml cell suspension. The cell concentra-
tion was 106 cells/ml medium (Hanks solution, pH
7.4). After incubation the cells were destroyed in ice-
cold Tris-EDTA buffer (pH 7.5), the samples were
immediately placed into water bath (90oC) for 3 min,
and then centrifuged for 10 min at 8000g. cAMP con-
centration in the supernatant was measured using stan-
dard Amersham kits. The results were statistically
processed using Student’s test.
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RESULTS

Antiproliferative effect of hormones (due to their ca-
pacity to inhibit early stages of lymphoid cell acti-
vation) is a marker of cell sensitivity to GC. These
early stages include changes in the second messenger
(Ca2+, cAMP) system serving as the mechanisms trig-
gering cell activation and division.

Intracellular level of Ca ions ([Ca2+]cyt) in intact
cells did not exceed 110 nM (98±12 nM). Addition of
3 µM prednisolone (corresponding to the mean thera-
peutic concentration of prednisolone in blood plasma)
into cell suspension did not change Ca2+ concentration.

The following compounds with different proper-
ties were used for stimulating lymphoid cell activa-
tion: exomitogens, Con A, dextrane sulfate, and ara-
chidonic acid (AA, endomitogen). Addition of 0.1 mg/
ml dextran sulfate (Dex S; B-lymphocyte mitogen) or
25 µg/ml Con A (mitogen modulating mainly T-com-
ponent of the immunity) to lymphocytes increased
intracellular calcium concentration to 189±12 (n=6)
and 220±18 nM (n=6), respectively. A more pronoun-
ced response to T-mitogen is determined presumably
by the predominant content of T-lymphocytes in the
cell suspension.

The effects of mitogens on lymphoid cells are
mediated by AA release from phospholipids into the
incubation medium. AA and its metabolites participate
in the regulation of various physiological processes,
including activation and division of lymphocytes. The
release of AA from phospholipid components of the
plasma membrane is induced by phospholipase A2 or
successive effects of phospholipase C and diacylgly-
cerine lipase. The latter pathway seems to predominate
in lymphoid cells [6].

Studies of AA effects in a concentration of 3 µM
on changes in the intracellular concentration of Ca2+

in lymphocytes showed a rapid increase of [Ca2+]cyt to
240±25 nM (p<0.05). In order to determine the source
of Ca2+ entering the cell cytoplasm under the effect of
AA, experiments in a calcium-free medium were car-
ried out. Ca2+ in incubation medium bound EGTA (fi-
nal concentration of 1 µM), which led to a drop of the
basal fluorescence level (Fig. 1). AA (3 µM) in the
presence of EGTA caused an increase in intracellular
Ca2+ concentration by 55±12 nM (p<0.05), which was
about 2-fold lower than in incubation medium with
normal content of Ca2+. This fact and characteristic
kinetics of Ca response to AA in Ca-free medium sug-
gest that AA induces Ca2+ release from intracellular
depots. If EGTA (1 mM) was added to cell suspension
in medium with Ca2+ ions in the presence of AA, a
drop of [Ca2+]cyt was observed (Fig. 1), the level of Ca
being restored after addition of CaCl2 at the expense
of Ca2+ entry through plasma membrane channels.
Hence, Ca response under the effect of AA is a super-
position of two processes: Ca2+ transport from incu-
bation medium into the cytoplasm and Ca2+ release
from intracellular depots.

Addition of AA (3 µM) in the presence of pred-
nisolone (3 µM) increased [Ca2+]cyt by 52±13 nM
(p<0.02) compared to its basal level, which corre-
sponded to increase of Ca2+ concentration in Ca-free
medium (Fig. 2). These results suggest that predniso-
lone in therapeutic concentrations blocks Ca channels
of plasma membranes and prevents AA-induced entry
of Ca2+

 into the cells. GC virtually did not modify AA-
stimulated release of Ca2+ from intracellular depots.

The study of the adenylate cyclase component of
lymphocyte response in patients with AB showed that
the basal cAMP level was 2.3±0.6 pmol/107 cells
(n=10). Evaluation of Con A effect on cAMP content
in lymphocytes showed appreciable individual varia-
tions. Addition of Con A to lymphocyte suspension

Fig. 1. EGTA effect on arachidonic acid (AA)-induced increase of [Ca2+]cyt level in medium containing 1 mM CaCl2 (a) and in Ca-free buffer
(b). 1) AA (3 µM); 2) EGTA (1 mM); 3) CaCl2 (4.5 mM).
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(25 µg/ml) in some cases (n=7) led to a significant
decrease in cAMP level (1.2±0.4 pmol/107 cells), in
others (n=6) caused an increase in intracellular con-
centration of cAMP (3.1±0.4 pmol/107 cells). The di-
rection of Con A effect on cAMP content did not cor-
relate with sex, age, and disease form in the patients.
AA (1-3 µM) virtually did not change the intracellular
content of cAMP. Studies of prednisolone (3 µM) ef-
fect on cAMP response of cells failed to show any
regularities.

Our findings suggest that prednisolone in a con-
centration of 3 µM suppressed stimulated elevation of
[Ca2+]cyt and did not change the basal levels of Ca2+ in
lymphocytes from patients with AB. No latent period
was needed for the manifestation of Ca-blocking ef-
fect of GC. Prednisolone in the studied dose had no
effect on mitogen-induced changes in cAMP level.
Hence, the inhibitory effect of GC on lymphocytes
from patients with AB is mediated through inhibition
of cellular Ca response. The mechanisms of lympho-
cyte activity regulation, including the adenylate cyc-
lase system, do not seem to be the target of GC non-
genomic effect.
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Fig. 2. AA (3 µM) effect on Ca2+ content in lymphocytes. a) prednisolone (GC) treatment in the presence of AA; b) AA treatment in the
presence of GC.
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