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Abstract

Background Dehydroepiandrosterone (DHEA) and DHEA-sulfate (DHEAS) are the major steroid hormones secreted by the adrenal
gland. Administration of DHEA has been reported to have beneficial effects on aging, diabetes, and atherosclerosis. Apoptosis is a
normal physiologic process that occurs during embryonic development as well as in the maintenance of tissue homeostasis. In this study,
we examined the suppressive effect of DHEA(S) on staurosporine-induced apoptosis in human peripheral blood lymphocytes (PBL).
Methods Apoptosis was induced in human PBL with staurosporine and measured by flow cytometry utilizing Annexin V and propidium
iodide (PI) staining. The quantity of FITHZ/PI— cells corresponded to early apoptosis, while that of FFTRI+ cells corresponded to
late apoptosis or secondary necro§igsults The fraction of staurosporine-induced early apoptosis but not that of secondary necrosis
in PBL was reduced by the treatment with either DHEA or DHEAS. Furthermore, this apoptosis was neither associated with androgen
receptor (AR) nor with estrogen receptor (ERpnclusionsThis is the first study showing that DHEA(S) inhibits apoptosis in human
PBL through a mechanism independent of either ARs or ERs. DHEA(S) may be a promising chemopreventive drug for aging, diabetes,
and atherosclerosis.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction of tissue homeostasis or in the prevention of carcinogenesis.
Some authors have reported the protective effect of DHEA

Dehydroepiandrosterone (DHEA) and DHEA-sulfate against apoptosis in mice or rg8]; however, the effects

(DHEAS) are the major steroid hormones secreted by the of DHEA on chemical-induced apoptosis in human cells

adrenal gland. Serum DHEA and DHEAS levels peak in have not yet been reported. In this study, we examined the

humans during their twenties, after which the levels de- suppressive effect of DHEA(S) on staurosporine-induced

crease graduallfl]. Administration of DHEA has been apoptosis in human PBL.

reported to have beneficial effects on aging, diabetes, and

atherosclerosif2—4]. It is not clear whether DHEA exerts .

effects directly or after conversion to androgens or estrogens?: Materials and methods

because a steroid receptor for DHEA has not been identi-

fied and the hormone is generally considered to exert its

effects via conversion to steroid metabolites with estrogenic

or androgenic activity[5,6]. However, a previous study

demonstrated that murine T cells and human T cells may

have a specific receptor for DHEX,8]. Many hormones,

including DHEA and DHEAS, can affect apoptosis. Apop-

2.1. Reagents

DHEA, DHEAS, staurosporine, tamoxifen, flutamide,
and foetal bovine serum (FBS) were purchased from Sigma
Chemical Co. (St Louis, MO, USA). Sodium phosphate
dibasic-anhydrous, sodium phosphate monobasic-anhydrous,
tosis is a normal physiologic process that occurs during @nd NaCl were purchased from Wako pure Chemical In-

embryonic development as well as helps in the maintenancedustries (Tokyo, Japan), Ficoll-Paque was purchased from
Amersham Pharmacia Biotech (Uppsala, Sweden), and

RPMI 1640 was purchased from Invitrogen Corp. (Carls-

* Corresponding author. Tek:81-45-787-2640; fax+-81-45-784-3546.  bad, CA, USA). Annexin V-FITC and propidium iodide (PI)
E-mail addresshirokazu@med.yokohama-cu.ac.jp (H. Takahashi). were purchased from Pharmingen (San Diego, CA, USA).
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2.2. Blood collection and lymphocyte preparation Annexin V-FITC binding and PI uptake using the FAC-
Scan flow cytometer as described above. The proportions

Informed consent was obtained from eight healthy, of FITC4+/PI— cells corresponds to early apoptosis and

non-smoking male volunteers, ranging between 24 and 55that of FITG+/PI+ cells corresponds to late apoptosis or

years of age. PBL were isolated from 5 ml of venous whole secondary necrosi§ig. 1).

blood collected in a 15 ml polypropylene conical tube (Bec-

ton Dickinson, Franklin Lakes, NJ, USA). The whole blood 2.5. Data analysis

was diluted 1:1 with k¥ phosphate-buffered saline (PBS:

58 mm sodium phosphate dibasic-anhydrous, 17 mm sodium  All data are presented as mearS.E.M. Statistical anal-

phosphate monobasic-anhydrous, 68 mm NaCl). The mix- ysis were performed using Fisher's PLSD tef® = 0.05

ture was layered over 3 ml Ficoll-Paque, separated by den-was defined as significant.

sity centrifugation, and washed twice withk 1IPBS. Cells

were diluted to 1x 10° cells/ml with RPMI 1640 supple-

mented with 10% FBS. The samples were placed on culture3. Results

plates and incubated in a humidified chamber at@in

5% CQO. Then the cell cultures were incubated for 24 h with 3.1. DHEA and DHEAS inhibit the early stage apoptosis

four concentrations (0.01, 0.1, 1, andd}) of DHEA or in PBL

DHEAS. Tamoxifen (100 nm, an estrogen receptor blocker)

or flutamide (100nm, an androgen receptor blocker) was  The results of the measurements of apoptosis using flow

added 1h prior to the treatment with 100nm DHEA or cytometry are given irFigs. 2 and 3These include eight

DHEAS. Apoptosis in PBL was induced by staurosporine sets of data for each experiment. In the samples of PBL with

after 24 h of incubation with DHEA(S) (LM, 3h). or without staurosporine (@M, 3h), the percentages of
the early apoptotic cells (Annexin V-FIHGPI-) were 9.2
2.3. Flow cytometry and 22.8%, respectively, and those of secondary necrosis

(Annexin V-FITC+/Pl+) were 13.3 and 13.1%, respec-
After culturing them for 24 h for the induction of apopto- tively. When the cells were treated with DHEA (0.01, 0.1,
sis, 10Qul aliquots of cell suspension (t 10° cells) were 1, and 1QuM), the percentages of the early apoptotic cells
labeled fluorescently by addingu$ of Annexin V-FITC were 19.7, 19.8, 17.8, and 16.5%, respectively, and those of
and 2ul of PI (50ng/ml) to each sample for the detection secondary necrotic cells were 13.5, 13.2, 13.1, and 12.1%,
of apoptotic and necrotic cells. Samples were mixed gently respectively Fig. 2(a). When the cells were treated with
and incubated at room temperature in the dark for 15min. DHEAS (0.01, 0.1, 1, 1Q.M), the percentages of the early
Analysis was carried out using a FACScan (Becton Dickin- apoptotic cells were 18.7, 18.4, 18.4, and 16.8%, respec-
son, Franklin Lakes, NJ, USA), and a minimum of 10,000 tively, and those of secondary necrotic cells were 13.5, 14.0,

cells within the gated region were analyzed. 13.1, and 15.7%, respectivelli¢. 3(a). These results show
that with the cells treated either with DHEA or DHEAS,
2.4. Assessment of apoptosis and necrosis the percentage of the early apoptotic cells was significantly

decreased in a dose-dependent manner while the percent-
Phosphatidylserine externalization of apoptosis was age of secondary necrotic cells exhibited no significant
determined by two-color flow cytometric analysis of change.
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Fig. 1. Representative analysis by two-parameter Annexin-V FITC/PI flow cytometry of PBL. The proportion offAIFCcells corresponds to early

apoptosis, and that of FIT@PI+ cells corresponds to late apoptosis or secondary necrosis. (A) Control. (B) Incubation with staurospolhe (1).
(C) Pre-incubation with DHEA (1Q.M, 24 h).
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Fig. 2. (a) Effects of DHEA on staurosporine-induced apoptosis in human PBL. After 24 h of incubation with or without DHEA, cells were exposed to
staurosporine (LM, 3 h). (b) Tamoxifen or flutamide was added 1 h prior to the treatment witiM@®HEA. Samples are scored by flow cytometory.
Data points are the meanS.D. * P < 0.05.

3.2. Tamoxifen and flutamide do not block the inhibitory 4. Discussion
effect of DHEA(S)

Flow cytometric evaluation of apoptosis is based on the

There was no significant difference in the percentage of expression of Annexin V in combination with PI. In apop-

early apoptotic cells among DHEA-treated with or with- totic cells, the membrane phospholipid phosphatidylserine
out added tamoxifen or flutamide. When the cells were (PS) is translocated from the inner to the outer leaflet
treated with DHEA (1QuM) alone, with additional tamox-  phospholipid-binding protein that has a high affinity for PS,
ifen (100 nM), or with flutamide (100 nM), the percentages and binds to cells with exposed PS. Externalization of PS
of the early apoptotic cells were 16.5, 16.2, and 16.2%, re- occurs in the earlier stages of apoptosis and thus Annexin
spectively Fig. 2(a) and (b) When the cells were treated V-FITC staining can identify apoptosis at an earlier stage.
with DHEAS alone, with additional tamoxifen (100nM), Cells that are in the early stage of apoptosis are Annexin
or with flutamide (100nM), the percentages of the early V-FITC positive and Pl negative. Cells that are both An-
apoptotic cells were 16.8, 16.8, and 16.3%, respectively nexin V-FITC and PI positive are either in the late stage of
(Fig. 3(a) and (b) The effects of DHEA(S) were neither apoptosis or secondary necrogi®—13]
blocked by the steroid hormone antagonist tamoxifen nor by  Our results showed that DHEA(S) decreases the number
flutamide. of apoptotic cells at an earlier stage. The protective effects
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Fig. 3. (a) Effects of DHEAS on staurosporine-induced apoptosis in human PBL. After 24 h of incubation with or without DHEAS, cells were exposed to
staurosporine (M, 3 h). (b) Tamoxifen or flutamide was added 1 h prior to the treatment wifaiM@HEAS. Samples are scored by flow cytometory.
Data points are the meanS.D. * P < 0.05.
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of DHEA(S) were dose-dependent. It is well recognized that [6] R.V. Haning Jr, C.A. Flood, R.J. Hackett, J.S. Loughlin,
daily plasma levels of DHEA is 0.001-0.p3/, and that N. MCC'“_fe' C. Longcope, Metabolic C!eafance rate of
of DHEAS is 2—6uM. In this study, we have demonstrated dehyd_roeplandrogterone sulfate,‘ its metabolism tg testosterone,
that DHEA(S) decrease the number of apoptotic cells in and its intrafollicular metabolism to dehydroepiandrosterone,
S . .p p . androstenedione, testosterone, and dihydrotestosterone in vivo, J.
10wM. This is above the daily concentrations. However, it Clin. Endocrinol. Metab. 72 (5) (1991) 1088-1095.
is not shown that dai asma levels O ese steroids have [7] AW. Meikle, R.W. Dorchuck, B.A. Araneo, J.D. Stringham,
t sh that daily pl I Is of th t dsh Kl huck h
no beneficial effects. The apoptotic cells gradually decrease  T.G. Evans, S.L. Spruance, R.A. Daynes, The presence of a
depending on the concentration; it means the high plasma dehydroeplandrc_>ster_one-speC|f|c re_ceptor binding complex in murine
levels of DHEA(S) have beneficial effect in patients with T cells, J. Steroid Biochem. Mol. Biol. 42 (3-4) (1992) 293-304.
L . p o [8] T. Okabe, M. Haji, R. Takayanagi, M. Adachi, K. Imasaki, F.
apop.t03|s-|nduced d|sease-'|:urtherm0rev apopt03|s n human ~ kurimoto, T. Watanabe, H. Nawata, Up-regulation of high-affinity
PBL induced by staurosporine was not associated with ARs dehydroepiandrosterone binding activity by dehydroepiandrosterone
or ERs. To our knowledge, this is the first study showing in activated human T lymphocytes, J. Clin. Endocrinol. Metab.
that DHEA(S) inhibits apoptosis of human PBL through a 80 (10) (1995) 2993-2996.
hanism independent of either ARs or ERS [9] L. Zhang, B. Li, W. Ma, J.L. Barker, Y.H. Chang, W. Zhao, D.R.
mec p ) Rubinow, Dehydroepiandrosterone (DHEA) and its sulfated derivative
Recent data suggest that not only DHEA(S) but also (DHEAS) regulate apoptosis during neurogenesis by triggering the
many hormones (growth hormone, IGF-1, estrogen), inhibit Akt signaling pathway in opposing ways, Brain Res. Mol. Brain Res.
apoptosis, and they are considered to act through specific 98 (1-2) (2002) 58-66. _
receptors[14—16} However, the detailed molecular mech- [10] I. Vermes, C. Haanen, H. Stgﬁens-Nakken, C. .Reutellng.sperger,
. d signalin athways of these effects of DHEA(s) A novel assay for apoptosis. Flow cytometric detection of
Sl 9 gp . Yy . - : phosphatidylserine expression on early apoptotic cells using
have not yet. been elucidated. While DHEA IS ?nzyma“' fluorescein labelled Annexin V, J. Immunol. Methods 184 (1) (1995)
cally metabolized to androgens and estrogens, it is not clear  39-51.
whether DHEA exerts its effects directly or after conver- [11] S.J. Martin, C.P. Reutelingsperger, A.J. McGahon, J.A. Rader, R.C.
sion to these hormones. The results presented here showed V@" Schie, D.M. LaFace, D.R. Green, Early redistribution of plasma
that the staurosporine-induced early apobtosis of human membrane phosphatidylserine is a general feature of apoptosis
p y .p p regardless of the initiating stimulus: inhibition by overexpression of
PBL, but not that of secondary necrosis, was reduced by Bcl-2 and Abl, J. Exp. Med. 182 (5) (1995) 1545-1556.
treatment with either DHEA or DHEAS. [12] G. Koopman, C.P. Reutelingsperger, G.A. Kuijten, R.M. Keehnen,
DHEA is reported to have beneficial effects, those reduces ~ S.T. Pals, M.-H. van Oers, Annexin V for flow cytometric detection
proliferation of human aortic smooth muscle cells, and im- g‘;oi’)zogzhg)'dg’l';‘;z;iffgriisz'gn on B cells undergoing apoptosis,
proves cellular immune function, after inhibiting apoptosis. i
Furthermore, DHEA may have beneficial effect in patients

[13] C.H. Homburg, M. de Haas, A.E. von dem Borne, A.J. Verhoeven,
C.P. Reutelingsperger, D. Roos, Human neutrophils lose their surface
with atherosclerosis, immunodeficiency disease or inflam-
matory diseas§l7-19]

Fc gamma RIII and acquire Annexin V binding sites during apoptosis
in vitro, Blood 85 (2) (1995) 532-540.
In conclusion, DHEA(S) decrease apoptosis in human [14] E (SL(‘)Z Jmlzcc\‘/ ;*HUA'_'?av}‘gdg"va'l‘:‘yismziki'(‘rd&gvmzrgag‘gﬁu"
PBL through a mechanism independent of ARs or ERs, and : T - o !

o h - . hormone signalling and apoptosis in neonatal rat cardiomyocytes,
may be promising chemopreventive drugs for aging, dia-  Mol. Cell. Biochem. 223 (1-2) (2001) 35-46.
betes, and atherosclerosis.

[15] H.L. Cheng, M.L. Steinway, X. Xin, E.L. Feldman, Insulin-
like growth factor-l and Bcl-X(L) inhibit c-jun N-terminal kinase
activation and rescue Schwann cells from apoptosis, J. Neurochem.
76 (3) (2001) 935-943.

[16] N. Sudoh, K. Toba, M. Akishita, J. Ako, M. Hashimoto, K. lijima,

S. Kim, Y.Q. Liang, Y. Ohike, T. Watanabe, I. Yamazaki, M.
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