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Memo6panHas HAA(®D)H-okcnaaza u ropmoHaAbHas
peryAasuns (pyHKUMOHAAbHOW AKTMBHOCTW
MMMYHOKOMMETEHTHBIX KAETOK

H.H. Boabckuii, B.O. llepcusaHoBa, B.A. Ko3aos

MHCTUTYT KAMHUUYeckorn ummyHonaormn CO PAMH, Hosocnbupck, Poccus

Jle#icTBUe THIIOKOKOPTHKOWAOB Ha HWMMYHOKOMIIE-
TeHTHBIE KJETKH OOBYHO 00BICHIETCH UX IPPeKTaMu

Ha TPAHCKPHUIIIIMIO ONpefie/IeHHbIX IPYIHI TeHOB. OfiHa-
KO, ONUCaHbl 3PEKThl CTEPOULOB, He TPeOYIOIHe y4a-
CTUSI TEHOMA U 0OBACHAEMbIE TIPIMBIM BJIHUSIHUEM TOp-
MOHOB Ha KJeTOuHble MeMOpaHBl, OpraHeJllbl WJH
(hepMeHTaTUBHBIE KOMILJIEKCHI.

Padee HaMy OBLIO IIOKA3aHO, YTO TJIIOKOKOPTHKO-
WALl 00J1aJal0T TIPSMBbIM AKTUBUPVIOUUM BJIHSHHEM
Ha HAJ(P)H-oxkcupazy mniaasMaTHdeCKHX mMemOpaH
GaroLUTHPYIOIIKMX KJIETOK - (PePMEHTHbIK KOMILJIEKC,
BOCCTAHABJIUBAIOIIMH KUCAOPOA C 00pa3oBaHHEM CY-
mepoKcUuaHoro paavkana (O9™) u APYTrHX AKTUBHBIX
metadoauToB Kucaopoga (AKM). Ponrs AKM B pery-
JTALUMAU KJIeTOYHbIX (DYHKLIMM XOPOLIO U3BECTHA, U ec-
TECTBEHHO TIPEAIIOJ0XKHUTD, YTO OOHApyKeHHas HaMH
aktusaiusg HAJI(P)H-oxcuaasel MoxeT ObITh MeXa-
HU3MOM, OIIOCPEAVIOLIMM HEKOTOpble M3 TJIOKOKOP-
TUKOUIHBIX 3(D(HEKTOB B UMMYHHOU cHCTeMe. OLHHM
U3 HUX MOXKeT ObIThb MHAYLMPOBAHHLIM TIIOKOKODTH-
KOUJaMU aronTo3 JUM(MPOILIMTOB, TaK KaK yCTAaHOBJIE-
Ha BaxHas poap AKM (0cobeHHO TiepeKHCH
BOZOPOAA) B IIpOLECCax aloIlTo3a, BBI3BAHHOTO cCa-
MbIMU Pa3HOOOpasHBIMM areHTamd. B paHHOH DPado-
Te UCCJefoBaHa pOJb IIOBbIIIEHHOHW AaKTHBHOCTH
HAJ(P)H-okcupaa3el B JAeKCaMeTa30H-WHAYIHPO-
BAHHOM alloNTo3€e JUMPOLUTOB.

YcTaHoOBIEHO, YTO IIpYM JAEUMCTBUU HA TUMOIUTHI
MBILIH AEKCAMETa30H BbI3bIBAET CYIIECTBEHHOE YBe-
audeHue NpoaykUuu Oy~ KJIeTKaMU B IIepPBble MHHY-
TBI [1OCJe JoGaBjieHHs ropmoHa. C ApPYrod CTOPOHDL
ylaneHue o00pasywollencd IepekKUuCcH BOAOPOAA H3
cpelbl MHKyOALMU KJETOK C IIOMOIIbI KaTajaasbl
IIPUBOAWJIO K IIOJIaBJAEHUIO ATIONITO38 THMOIMTOB, Pas-
BUBAIOLIETOCS IO/, BAMSHHEM JleKCameTasoHa u U3me-
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DEeHHOr0 OBYMY OOLLETIPHHATHIMU METOJaMH B pas-
JUYHBIE CPOKU MHKYOALMK KJIETOK C ropmoHom. CHU-

xeHue KoHueHTtpauuu Og~ B cpeje UHKYOALUHU C TI0-
MOIIbIO0 CYIEPOKCHUAAMCMYTA3bl TAKOTO 3(derra He
aBaJI0. ITH pe3yabTaThl CBUAETEJNLCTBYIOT 0 HEOOXO-
IUMOCTH TIOBBIIIEHHOW KOHIEHTPALUU I[IepPeKUCH
BOJOPOAA AJS UHALUALMK TIIOKOKOPTUKOUA-UHAYLIH-
DPOBAHHOIO AaIloNTo3a JUMMOUUTOB U TOATBEPKIAAIOT-
CSl JUTEPATYPHBIMH JAaHHBIMH, TOBOPAWUMH 00 HH-
AVKIMH aronTo3a JUMPOLMTOB 2K30T€HHO 100aBJIeH-
HOU TIEPEKUCHI0 BOIOPOAA.

Poab aktupauun HAJI{ P )H-0KCHaassl B TIIIOKOKOP-
TUKOU-HHAYLMPOBAHHOM AaIlIONTO3e JHM(OLIUTOB [0-
Ka3bIBaeTCsl Pe3yJIbTaTaMU IKCIIEPUMEHTOB, B KOTOPBIX
UCIIOJb30BAINCH HU3BECTHBIE HHTHOMTOPBEL 3TOr0 (Jep-
menTa. ITonydeHHble AAaHHBIE TI0KA3aJaH, YTO JU(DEHH-
JEHUOJOHUYM TIPAaKTHYECKH MOJHOCTBIO TI0HABJIAET
UHIAYLIMPOBAHHBIM JE€KCaMeTa30HOM allolITo3 THMOLIH-
TOB MDY J0OABAEHHU €r0 K KJeTKaM B KOHUEHTpalLHU
2 uM, KoTOpas BbI3BIBA€T WHTHOMPOBAHUE AKTHBHOCTH
HAJI(®)H-okcuaassl. CXOAHBIM, XOT9 U MeHee BbIpa-
KeHHbIH, 3 deKT 0KasbiBaJ U APYTrOd UHTHOUTOP ITO-
ro pepMeHTa - KPOMOJIUH.

B COBOKYMHOCTH TIOJIYYE€HHbIE Pe3yJbTaThbl AOKA3bl-
BAIOT KJKWO4YeBYIO poab akthsaumu HAJ(D)H-oxkcuna-
3b1 B PAas3BUTUH TJIHKOKOPTUKOW-UHAYHUPOBAHHOTO
arioNTo3a  JUMMMOLUTOB M OO0OCHOBHIBAKOT Yy4YacTHe
AKM-3aBUCHMbIX IPOLIECCOB B TOPMOHAJBHOH PETYJIM-
LIMHM AKTUBHOCTH MMMYHOKOMITETEHTHbIX KJIETOK.
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Membrane NADPH Oxidase and Hormonal
Regulation of the Immunocompetent Cell Functional

Activity

Nikolay N. Volsky, Vera O. Persijanova, Vladimir A. Kozlov

Institute of Clinical Immunology, Siberian Branch of Russian Academy of Medical Sciences, Novosibirsk, Russia

Effect of dexamethasone upon NADPH oxidase activity of murine thymocytes and the role of reac-
tive oxygen species (ROS) were investigated in dexamethasone-induced thymocyte apoptosis.
Hormonal stimulation of NADPH oxidase has been demonstrated in cell-free system (homogenate of

thymocytes). The depletion of hydrogen peroxide, produced due to NADPH oxidase activity, with
catalase addition has been shown to inhibit dexamethasone-induced thymocyte apoptosis. The key
role of NADPH oxidase and NADPH oxidase-dependent ROS production in the development of lym-
phocyte apoptosis was confirmed in experiments with two inhibitors of this enzyme. It has been evi-
denced that both inhibitors used (diphenylene iodonium and cromolyn) violently inhibited gluco-
corticoid-induced lymphocyte apoptosis. The possibility of the direct extragenomic action of gluco-
corticoids upon ROS production in the cells is discussed, as well as the role of this effect in gluco-

corticoid-induced lymphocyte apoptosis.

INTRODUCTION

Glucocorticoids are natural physiological regula-
tors of immune reactions. It was H. Selye who for
the first time described the efiect ol adrenocortical
hormones on lymphoid tissue as one of the major
components of a general adaptation syndrome.
Further investigations of this phenomenon have led
to the emergence of the broad spectrum ol natural
and synthetic steroid substances that are used now
in medical practice as anti-inflammatory and
immunoactive drugs.

The mechanisms of glucocorticoid impact upon
immunocompetent cells are reviewed in numerous
papers. As a rule these mechanisms are pertinent
to their thoroughly studied effects on the tran-
scription of certain groups ol genes. In line with
that classical scheme of steroid hormone intluence

Key words: glucocorticoids, reactive oxygen species, NADPH oxi-
dase, apoptosis, lymphocytes
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on cell functions glucocorticoids penetrate into
cytoplasm and associate with specitic receptor pro-
teins. Then hormone-receptor complexes are trans-
ported into cell nucleus where they bind to certain
promoter regions of steroid-responsive genes and
finally induce/suppress the synthesis of function-
ally active proteins. This mechanism adequately
accounted tor various ettects of hormones and, as
a result, such an explanation nearly completely
replaced previously supposed interpretations of
glucocorticoid intluences on cell functions. However,
a great number of experimental evidences have
appeared, indicating to the direct extragenomic
effects of steroid hormones upon cell membranes,
organelles or enzyme complexes.

Previously we have tfound [1, 2} the activating
effects of natural and synthetic glucocorticoids
(cortisol, dexamethasone, and prednisolone) on
plasma membrane NADPH oxidase of phagocytic
cells, an enzyme complex which reduces the oxy-
gen molecules generating superoxide anions (Qg7)
and provides the «oxidative burst» in these cells. It
has also been shown that hormonal etiect stimu-
lating O9~ production is not mediated by gene



transcription and protein synthesis: this etiect has
been reproduced in free-cell system containing the
membrane-bound NADPH oxidase and has been
registered without any detectable lag-period during
the first few minutes after hormone addition.

The important role of reactive oxygen species
(ROS) in the regulation of cell functions (including
the immunocompetent cell functional activity) is
well known. Hence, it appears reasonable that the
above-mentioned hormone-induced increase of Og
production (and, respectively, another ROS occur-
ring as a sequence of O9~ metabolism, particularly

hydrogen peroxide) could mediate some of the glu-

cocorticoid etfects on the immune system. We pro-
pose that one of ROS-dependent efiects may be the
olucocorticoid-induced lymphocyte apoptosis which
is now believed to be of primary importance in the
lymphoid tissue lysis under stress. The basis for
this assumption is a large body of data demon-
strating the involvement of ROS (especially,
hydrogen peroxide) in apoptosis development in
different cell types in response to various agents/
conditions (for overviews see [3-5]).

Therefore, the aim of this work is to study the
role of the increased NADPH oxidase activity and
NADPH oxidase-dependent ROS production in
glucocorticoid-induced lymphocyte apoptosis.

MATERIALS AND METHODS
Mice

(CBA x C57BI)F1 hybrids, males, aged 2 to 4
months old, were used throughout.

Rea_gents

Horse heart ferricytochrome ¢, bovine erythro-
cyte superoxide dismutase (SOD), 3-[4,5-dimeth-
ylthiasol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) were obtained from Sigma, USA. Bovine
liver catalase, NADPH were obtained from Serva,
USA. Propidium iodide (PI), fluorescein diacetate
(FDA), diphenylene iodonium (DPI) were
obtained from ICN, USA. Dexamethasone suliate
was obtained from KRKA, Slovenia. RPMl 1640,
Hanks solution without phenol red, fetal calt
serum were obtained from NPO Vector, Russia.
All other reagents were of the best grade com-
mercially available.

NADPH oxidase and hormones

Cell Preparation

Murine thymuses were isolated and slightly ho-
mogenized in glass homogenizator in Hanks’ solu-
tion and then filtered through a nylon screen. The
cells were washed once with the same solution and
resuspended in RPMI 1640 medium supplemented
with 5% FCS, 2 mM glutamine and 50 pg/ml gen-
tamicin. Cells were incubated in 96-wells plates
(Linbro, UK) at 37°C in a humidified 5% COo
atmosphere.

NADPH Oxidase Assay

NADPH oxidase activity was determined by

meastring the linear rate of SOD-inhibitable terri-
cytochrome ¢ reduction at 550 nm in Hitachi-340
spectrophotometer [6]. The results were expressed
in pmoles/min/107 cells, using absorption coeffi-
cient 21.1 mM x cmL.

Estimation of Thymocyte Apoptosis

Cells were treated with 100 pM of dexametha-
sone. Apoptosis intensity was measured during
intervals indicated below. Probes without hormone
simultaneously incubated under the similar condi-
tions were used as a control. Catalase, SOD, DPI
were added to cells simultaneously with dexam-
ethasone, but cromolyn 30 min before the latter.
Concentrations are indicated in tigures. Apoptotic
cells were identified by two standard methods:

1. MTT reduction test as described by Kazansky et
al. [7]. MTT was added to cells at a time point, indji-
cated as an estimation time. Then cells were incubat-
ed for 4 h and the intensity of color was measured at
570 nm using multiscan Titertek (Finland). Results
were expressed in arbitrary units (ODs7¢ x 103).

2. Lymphocyte apoptosis was estimated by tlow
cytometric (FACScan, Becton Dickinson) quantifi-
cation of FDA (0.2 mg/ml) and PI (4 mg/ml)
staining [8]. Viable thymocytes were identitied as
FDA*PI", apoptotic - as FDA"PI~, and dead - as
FDA-PI* positive cells. The percentage of positive
cells was calculated as the number of positive lym-
phocytes per 2000 lymphocytes counted.

Statistics

Results are presented as meants.e.m. The sig-
nificance of the differences between two sets of
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Figure 1. Effect of dexamethasone on NADPH oxidase
activity in murine thymocyte homogenates. Axis Y: rate
of superoxide-dependent cytochrome c reduction
(pmoles/min/107 cells); (1) - control; (2) - with dexam-
ethasone (100 pM). (*) difference from control is signifi-
cant at p<0.01.

values was determined by the Mann-Whitney’s
non-parametric test.

RESULTS

Stimulating Effect of Dexamethasone upon NADPH
Oxidase Activity

The addition of dexamethasone caused an increase
in the rate of Q9™ production in thymus cell homo-
genate (Figure 1). The magnitude of this stimulat-
ing eftect on NADPH oxidase activity was similar to
that tound by us previously in murine peritoneal
macrophages and splenocytes (1.5-2.5-fold increase).
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Inhibition of Dexamethasone-Induced Lymphocyte
Apoptosis by Catalase

To establish the role of ROS in dexamethasone-
induced thymocyte apoptosis, O9~ and hydrogen
peroxide were removed from cell incubation medi-
um by means of specilic enzyme addition (SOD,
catalase). The intensity ol thymocyte apoptosis
was evaluated by MTT reduction test. MTT test is
based on the MTT dye mitochondrial reduction
which is sharply dropped in cells at early stages of
apoptosis as compared to viable cells. Thus, the
rate of MTT reduction is directly proportional to
the number ot viable non-apoptotic cells. As it is

shown in Figure 2, the addition of catalase, the
enzyme which removes generated hydrogen perox-
ide, results in a considerable increase of viable cell
number at all time-points of incubation (from 4 to
24 h). The number ot viable cells in catalase-treat-
ed cultures after 4 h of incubation was 2.5 times
as much as in the probes incubated with dexam-
ethasone alone. After 6-8 h of incubation the viable
cell quantity was as much as 6-7 times as opposed
to catalase-untreated cells. However, catalase does
not inhibit hormone-induced thymocyte apoptosis
completely. At late time-point of incubation (24 h)
the number of viable cells in the probes with dex-
amethasone and catalase was less than in the con-
trol probes (without any additions). Besides, addi-
tion of catalase to dexamethasone-free probes pre-
vents cells trom spontaneous apoptotic death,
which is in an agreement with anti-apoptotic effect
of catalase reported earlier by other authors [9].

Figure 2. Effects of catalase upon
spontaneous and dexamethasone-
induced murine thymocyte apopto-
sis at different time intervals of cell
incubation. Axis X: time intervals of
cell incubation (h). Axis Y: rate of
MTT reduction (OD x 103). (*) differ-
ence from corresponding probes

with dexamethasone is significant at
p<0.001.
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Figure 3. Effect of catalase upon dexamethasone-induced murine thymocyte apoptosis after 6 h of cell incubation

Control {without incubation)

Control (after 6h of incubation)

2%

o

+ Catalase (100 U/ml)

The removing of O9~ from culture medium with
addition of SOD had no significant effect upon the
intensity of dexamethasone-induced thymocyte
apoptosis (data not shown). Hence, we concluded
that hormone-stimulated O~ generation itsell
(unlike hydrogen peroxide increasing) does not
trigger apoptotic process, and thus SOD was not
used in our turther experiments.

In the next set of experiments the catalase intlu-
ence upon dexamethasone-induced apoptosis was
measured with standard flow cytotluorimeter tech-
nique. This method allows to determine the number
of viable, apoptotic and dead cells separately.
Dexamethasone and catalase effects were assessed
after 6 h of cell incubation. As it is demonstrated in
Figure 3 results obtained with this method corre-
spond very closely to the data obtained by MTT tech-
nique: due to both methods catalase significantly
inhibited hormone-induced apoptosis of thymocytes.

- viable cells (FDAT/PI7)

- apoptotic cells (FDA=/PI)
- dead cells (FDA/PIT)

Differences between number of apoptotic cells in probes
«cells + dexamethasone» and «cells + dexamethasone +
catalase» are significant at p<0.01.

e

1% . -
26% . : %wc

A

-
''''''

+ Catalase (100 U/ml) + dexamethasone (100 uM)

Thus, hydrogen peroxide tormed during dismu-
tation of O9~ and increased by dexamethasone-
induced NADPH oxidase activation is necessary
for glucocorticoid-induced thymocyte apoptosis.
Because the addition of exogenous hydrogen per-
oxide induces apoptosis itselt in ditterent cell types,
including lymphocytes [10], and because many
apoptosis inducers cause its accumulation in the
cells [11], it is reasonable to propose, that in our
experiments glucocorticoid-induced apoptosis was
caused by hormonal activation of NADPH oxidase
and stimulation of NADPH oxidase-dependent
hydrogen peroxide accumulation.

Ftfects of NADPH Oxidase Inhibitors upon Lym-
phocyte Apoptosis
To confirm this assumption two additional sets

of experiments were carried out with inhibitors of
NADPH oxidase - DPI and cromolyn. As it is
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Figure 4. Effects of various concentrations of DPI upon dexamethasone-induced murine thymocyte apoptosis after 6

h of cell incubation

Control

0.1 uM DPI

0.5 uM DPI

0.5 uM DPI + dexamethasone (100 uM)

2 uM DPI

2 uM DPI + dexamethasone (100 uM)

The percentage of viable, apoptotic and dead cells are labeled as in Fig. 3. The numbers of apoptotic cells in probes
«cells + dexamethasone + 0.5 pM DPI» and «cells + dexamethasone + 2 pM DPI» are different from those in probes

«cells + dexamethasone» significantly at p<0.01.

demonstrated in Figure 4 the data obtained with
DPI indicate that 1) DPI does not cause any evi-
dent etfect on the number of apoptotic cells in
hormone-iree probes; 2) DPI potently inhibits
dexamethasone-induced thymocyte apoptosis, 3)
efiect of DPI upon apoptosis is dose-dependent,
4) DPI abolishes dexamethasone-induced thymo-

cyte apoptosis completely at 2 uM concentration.

In the 2nd set of experiments with NADPH oxi-
dase inhibitors cromolyn was used which is the
drug applied for bronchial asthma treatment. Anti-

asthmatic curative elfect of cromolyn is attributed
to its ability to inhibit NADPH oxidase-dependent
ROS generation in human neutrophils [12]. In our
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Figure 5. Effect of cromolyn upon dexamethasone-induced murine thymocyte apoptosis after 6 h of cell incubation

Control

cromolyn (50 uM)

cromolyn (50 uM) + dexamethasone (100 pM)

The percentage of viable, apoptotic and dead cells are labeled as in Fig. 3. Differences between number of apoptot-
ic cells in probes «cells + dexamethasone» and «cells + dexamethasone + cromolyn» are significant at p<0.01.

preliminary experiments cromolyn (50 pM) has
been shown to inhibit mouse thymus cell NADPH
oxidase activity by 70-80% and abolish dexam-
ethasone-induced stimulation of this activity.
Figure 5 shows that cromolyn (like DPI) consid-
erably inhibits the dexamethasone-induced thymo-
cyte apoptosis, although its effect is less pro-
nounced than that of DPL

Of importance, two different NADPH oxidase
inhibitors cause principally the same etiect upon
dexamethasone-induced lymphocyte apoptosis,
confirming the key role of this enzyme in gluco-
corticoid-mediated programmed cell death.

DISCUSSION

Stimulation of oxygen uptake in phagocytic
cells induced by glucocorticoids was described long
ago, for the time when «oxidative burst» phenom-
enon had not yet been bound up with NADPH oxi-
dase activity and ROS generation. One of the ear-
liest evidence of this glucocorticoid effect was
obtained in 1968 by 1.V. Scards [13] in experiments
on guinea pig leukocytes. Today’s literature data
on this score are contradictory and describe both
inhibition and stimulation of ROS production

caused by glucocorticoids [4, 14-16]. Some of these
discrepancies may be explained by a marked phase
character of glucocorticoid etfect in wvivo: as we
have shown earlier [1] NADPH oxidase activity
was significantly increased in mouse spleen phago-
cytic cells in 2-3 h after intraperitoneal dexam-
ethasone injection, but 12-20 h later its activity
was decreased again to the level lower than that of
the appropriate control. As for the works where
inhibition of ROS production has been registered
during direct addition of glucocorticoids to the cells
in vitro, these data could possibly be accounted for
different experimental models and conditions.

The vast majority of experimental investigations
of hormonal effects are based on the assumption
that induction of apoptosis by glucocorticoids is
mediated through their influence on gene tran-
scription. A set ol proteins which synthesis is
induced in the cells by hormones has been found.
It remains however unclear what of these proteins
is responsible for initiation of programmed cell
death [17]. It has been suggested that one of such
plausible mediators may be calmodulin [17], since
glucocorticoids are known to cause a pronounced
increase of Ca?* concentration in lymphocytes,
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whereas initiation of apoptosis is associated with
high Ca2* concentration. On the other hand, it was
demonstrated in many works that Ca?*-dependent
apoptosis is accompanied by the increase of ROS
concentrations in the cells [16]. Thus, the question
of the role of Ca?* and ROS in glucocorticoid-
induced apoptosis remains open. Likewise is the
situation with the another possible mediator - p53
protein. In the cells undergoing pb3-mediated
apoptosis ROS production is increased concomi-
tantly with p53 overexpression, whereas in the
cells resistant to p53 this etiect is absent [18].
Similarly to glucocorticoid-induced ROS produc-
tion, glucocorticoid-induced apoptosis seems to be

initiated directly, but not via hormone-mediated
transcription of certain genes. For instance, the
inhibitory etiect of RU486 compound upon gluco-
corticoid-induced apoptosis ot lymphocytes is otten
accounted for some transcriptional events [17]. At
the same time considering, that RU486 is a com-
petitive inhibitor ot hormone binding to cytoplas-
mic receptors, it is quite conceivable that it can
also inhibit the binding of glucocorticoids with any
targets, including those ones that are directly cou-
pled with NADPH oxidase - an enzyme complex
involved from our viewpoint in apoptosis initiation.

Indeed, ROS generation appear to be necessary
for the development of glucocorticoid-induced
apoptosis. For example, the increase of ROS con-
centration in the cells after exposure to hormone
has been reported recently [4, 16]. It was also
demonstrated that hyperoxia (95% Og atmosphere)
increases, while hypoxia (< 5% Opg) inhibits gluco-
corticoid-induced thymocyte apoptosis [19]. In this
model of apoptosis anti-apoptotic elfects of the
exogenously added antioxidants were observed
[20]. The similar etiects of Bcl-2 [20] and thiore-
doxin [21] overexpression demonstrated in the cells
transiected with their genes are connected most
likely with antioxidant properties of these proteins.
It was supposed [20] that initiation of lymphocyte
apoptosis by glucocorticoids may be attributed to
down-regulation of antioxidant protective enzymes
since their activity is decreased at the early stages
of hormone-induced apoptosis. Our results allow us
to suggest the more direct etfect of glucocorticoids
upon ROS metabolism in cells.

Two standard techniques to evaluate the quan-
tity of apoptotic lymphocytes were used in most
part of our experiments: tlow cytofluorimeter
method with FDA and PI and MTT reduction
method. In preliminary part of this study (estima-
tion of dexamethasone-induced thymocyte apopto-
sis and of anti-apoptotic effect catalase) [22] the
validity of the data was confirmed also with
method of DNA electrophoresis in agarose gel.

Dexamethasone was used in our experiments at
the concentration of 100 pM. Such a concentration
is pharmacological and excessive for thymocyte
apoptosis induction, because apoptogenic ettect
may be obtained at hormone concentration two

order magnitude lower. Indeed, as we found in pre-
liminary experiments, and in accordance with liter-
ature data, some enhancement of the number of
apoptotic cells is already observed at dexametha-
sone concentration 0.1 uM. Intensity of apoptosis
reached its maximum at the concentration of 1 and
10 uM, and turther increase of hormone concen-
tration up to 100 uM did not lead to apoptosis
enhancement. Nonetheless, due to the relatively
low sensitivity of the used method the stable stim-
ulation of NADPH oxidase activity could be only
registered with high dexamethasone concentration.
So, high concentration of dexamethasone was
selected to estimate both apoptosis intensity and
NADPH oxidase activity.

Practically all ROS production observed in our
experiments may be attributed to the NADPH oxi-
dase activity of macrophages and other phagocyt-
ic cells present in the thymus cell suspension.
Lymphocytes generate Oo~ in insignificant
amounts, and therefore we can not estimate hor-
mone-caused changes ol this parameter in lym-
phocytes. At the same time we register the final
etfect of hormone, apoptosis induction, exactly in
lymphocytes. Actually, on one hand catalase and
NADPH oxidase inhibitors decrease accumulation
of hormone-induced phagocyte-derived ROS (par-
ticularly hydrogen peroxide), and on the other
hand; the same agents inhibit hormone-induced
lymphocyte apoptosis.

There are two possible suppositions in order to
unite these two parallel and linked phenomena.
Firstly, all cells but not only protessional phago-
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cytes and some other cell types, in which ROS
production is registered, contain NADPH oxidase-
like enzyme complex which is able to reduce oxy-
cen in cell membrane. However, such enzyme
activity is so small in most of the cells, including
lymphocytes, that it can be registered only by
more sensitive special methods [23]. For instance,
olucocorticoid-induced enhancement of ROS con-
centration in lymphocytes has been demonstrated
using sensitive cytotluorimetric assay [4, 16]. It is
natural to suggest that hormone-induced NADPH
oxidase activation and hydrogen peroxide accu-
mulation occur in lymphocytes in the manner
principally similar to that in phagocytes. The

same holds true for the effects of catalase and
NADPH oxidase inhibitors.

Secondly, it may be presumed that hormone-
induced increase of hydrogen peroxide concentra-
tion in lymphocytes may be inadequate to initiate
apoptosis in these cells. If so, macrophages could
be the target cells for hormone, that produce
enough amount of hydrogen peroxide which in
turn affect immediately upon the adjacent lympho-
cytes initiating their apoptosis. Such a stimulation
of T lymphocyte apoptosis by glucocorticoids act-
ing via phagocytic cells has been demonstrated in
experiments with astrocytes [24].

Our results giving an evidence in favor of the
key role of NADPH oxidase and ROS generation
in the glucocorticoid-induced apoptosis of lympho-
cytes are in consistence with the literature reports
for the impact of another steroid hormone - dehy-
droepiandrosterone (DHEA) on this process. As
well as glucocorticoids, DHEA is considered now
to be as physiologic regulator of immunocompetent
cell functions. In many actions upon immune Sys-
tem DHEA is a functional antagonist of glucocor-
ticoids. It has long been known that DHEA can
inhibit glucocorticoid-induced apoptosis ot lympho-
cytes. Under this DHEA does not compete with
olucocorticoids for any target and its addition to
cells immediately before glucocorticoids does not
influence the intensity of glucocorticoid-induced
apoptosis. But DHEA injection into animals one
day before lymphocyte isolation leads to their
resistance to glucocorticoid-inducing apoptosis
[25]. On the other hand, in independent studies
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126, 27] DHEA was demonstrated to inhibit the
activity of glucose-6-phosphate dehydrogenase (a
key enzyme of hexose-monophosphate shunt) and,
as a consequence, to decrease NADPH concentra-
tion in cells. A deficiency of NADPH leads in turn,
to a fall of ROS production in the cells in response
to stimulation [27]. These data taken together with
ours permit us to suggest that antagonistic etiects
of DHEA and glucocorticoids may be explained at
least in part by the opposite influences of these
hormones upon the amount of the NADPH oxi-
dase-generated ROS.

Another particularly interesting example of the
functional antagonism between DHEA and gluco-

corticoids is their opposite influence upon the bal-
ance between Thl and Th2 cells [28]. Glucocort-
icoids are known to produce shitt in this balance to
Th2 cells. This shift explains the variety of their
hormonal effects on the immune and inflammatory
reactions. DHEA prevents these glucocorticoid
effects and shifts the Th1/Th2 balance to the oppo-
site pathway leading to a predominance of Thl
cells. It is established now that macrophages are
the primary site of DHEA action. In these cells a
specific enzyme is located which is able to convert
an inactive transport form of hormone (DHEA sul-
fate) to a hormonal active DHEA [28]. In this case
one also can not rule out, that the opposite etfects
of glucocorticoids and DHEA are due to their intlu-
ences on the NADPH oxidase activity and on the
intensity ot ROS-dependent processes.

Thus our results confirm literature data on the
involvement of ROS (particularly peroxides) in glu-
cocorticoid-induced lymphocyte apoptosis and
account for this hormone ettect by direct impact
upon NADPH oxidase. One could not exclude, that
other steroid and possibly non-steroid hormones (lor
instance thyroxin) exert their effects upon immu-
nocompetent cells through this mechanism as well.
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