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Abstract

The e�ect of dexamethasone and of three potential antiglucocorticoids, namely dehydroepiandrosterone (DHEA) and its 7a-
and 7b-hydroxylated metabolites, on primary immune response has been studied by measuring the number of plaque forming
cells (NPFC) and their viability in a cell culture of murine spleenocytes. As expected, dexamethasone suppressed considerably
the NPFC as well as their viability. Surprisingly, DHEA as well as its 7a-hydroxylated metabolite decreased signi®cantly the

NPFC, while the e�ect of 7b-hydroxy-DHEA was di�erent: at low doses it decreased the NPFC, but this e�ect was less
pronounced at higher concentrations. In addition, 7b-hydroxy-DHEA was able to counteract the e�ect of dexamethasone on the
NPFC. None of the natural steroids a�ected the cell viability. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Recent data from in vitro as well as in vivo exper-

iments show that dehydroepiandrosterone (DHEA)

and its sulphate (DHEAS) may act at various levels as

immunomodulatory and immunoprotective agents [1±

3]. These e�ects cannot be ascribed only to gonadal

steroids for which DHEA/S serves as a precursor [4].

Many of these e�ects, but not all, can be explained by

nongenomic antiglucocorticoid action of DHEA/S

[5,6]. It should be emphasised that no intracellular

receptors for DHEA/S have been found, nor does this

steroid compete for glucocorticoid receptors [7].

Unconjugated DHEA, rather than DHEAS, under-

goes extensive metabolism in the liver and in other

peripheral tissues [1]. Among its products a nonnegligi-

ble portion represent 7a- and 7b-hydroxylated metab-

olites [1], so far believed to be the only degradation

products, devoid of any biological activity. Recently,

evidence has been brought that these metabolites may

act as locally active agents, responsible for at least

some of the autocrine and paracrine immunomodula-

tory and antiglucocorticoid e�ects ascribed to DHEA/

S. This opinion was based on following observations

(for review until 1997 see [8]):

. 7-Hydroxylating cytochromes were restricted to the

cells producing 7a- or 7b-hydroxylated metabolites.

Human peripheral blood monocytes (PBMC) did

not produce 7-hydroxysteroids while stromal epi-

thelial cells isolated from human tonsils did. When

PBMC were coincubated with memory T-cells and

the antigen (human tetanus vaccine), addition of 7a-
OH-DHEA increased signi®cantly the formation of

speci®c antibodies to the antigen and counteracted

also the immunosuppressive e�ect of glucocorti-

coids. This indicates that PBMC were targets for 7-

hydroxysteroids [8].

. In tissue cultures of rat brain astrocytes, known to
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metabolise DHEA and other neuroactive steroids to
androgens and estrogens, when the cell contact was
increased above con¯uence resembling thus the situ-
ation at in¯ammation, the metabolism was shifted
to the formation of 7a-hydroxylated products on the
expense to their oxidation (pregnenolone to pro-
gesterone and DHEA to androstenedione) [9].

. Dexamethasone induced the 7a-hydroxylation of
DHEA in another tissue, namely in human adipose
stromal cells [10].

. Direct e�ect of 7-hydroxylated C19 and C21-steroids
on some parameters of the immune response or
their ability to counteract the action of glucocorti-
coid has been reported: when murine thymic cells
were cultivated in presence of 7a-OH-DHEA, the
dexamethasone-induced apoptosis was decreased
[11].

. In an experiment with cultured murine spleenocytes
DHEA surprisingly even suppressed concavalin A-
or lipopolysacharide-induced cell proliferation, while
one of its 7-hydroxylated metabolites, namely 5-
androstene-3b,7b,17b-triol stimulated it. The latter
steroid, in contrast to DHEA, also counteracted the
e�ect of cortisol on Con A-activated lymphocyte
proliferation as well as glucocorticoid-induced Il-2
and IL-3 production [12,13]. The e�ect of 7-OH-
DHEA was not investigated in the latter studies.

The mechanism(s) through which 7-hydroxylated
metabolites of DHEA act is unknown. We have stu-
died the e�ect of 7a-OH-DHEA on early stages of
dexamethasone action in vitro. Likewise DHEA, 7a-
OH-DHEA did not compete for glucocorticoid recep-
tors in rat hepatocytes, either in¯uenced the activation
of glucocorticoid±glucocorticoid receptor complex or
its binding to DNA-cellulose in cell-free system [14].

In this paper the e�ect of both 7-OH-DHEA iso-
mers on primary immune response is reported in a cell
model, similar to that used by others [12,13].

2. Experimental

2.1. Steroids and reagents

Dehydroepiandrosterone, dexamethasone, HEPES
and a collection of essential amino acids were pur-
chased from Sigma (St. Louis, MO). 7a- and 7b-OH-
DHEA were prepared by the method of Starka [15].
MEM, calf fetal serum and antigen were from USOL
(Praha, Czech Republic).

2.2. Determination of primary immune response

Primary immune response was measured by count-
ing of a number of plaque forming cells, (NPFC) fol-

lowing activation with an antigen as described
previously [16]. In brief, murine spleen lymphocytes
from BALBc mice, 107 cells/ml were cultivated in the
Marbrook system consisting of a supplemented MEM
medium with 10% of selected fetal calf serum mixed
with the antigen (107 sheep erythrocytes) in the
absence or presence of increasing doses of tested ster-
oids, in an atmosphere of 96% air and 4% CO2,, at
378C, for 5 d. Immune response in controls (without
steroids) and in experiments with tested compounds
were determined as NPFC in agarose by a drop modi-
®cation of the Jerne method [17]. The e�ect of steroids
was related to the mean value of 28 control exper-
iments, taken as 100%. The viability of the cells after
cultivation was assessed by staining with 1% nigrosin
(when more than 50% of the cells were stained, the
toxicity of tested compounds was considered positive).

2.3. Statistics

Since the e�ect of steroids on NPFC was expressed
in per cents of NPFC in control experiments, a careful
statistical analysis of control values was ®rst per-
formed. The mean of the control experiments was 949
with standard deviation 58. However, the frequency
histogram and other parameters of descriptive statistics
indicated that the probability distribution of NPFC
was asymmetrical and could be represented as log±nor-
mal with the logarithmic mean of NPFC/test chamber
as 904 and the 95% con®dence interval 806 to 1016.
(This means that individual series of controls fell with
95% probability into this interval). In contrast, the
probability distribution of the number of surviving
cells at the end of experiments (viability) was found to
be close to normal distribution, with the mean value
3.18 � 106 and the 95% con®dence interval from
2.86 � 106 to 3.51 � 106. To evaluate how the steroids
did a�ect the NPFC, the modi®ed Dunn's test was
applied thus. At ®rst, the null hypothesis about the
NPFC mean of control and experiment �m e � mc� was
tested. Secondly, when the test failed, the alternative
hypothesis for signi®cance of steroid e�ect on primary
immune response (me < mc or me > mc) was examined.
The comparison of both means was performed accord-
ing to the formula:

jln XE ÿ ln XCj > t1ÿa=2sp��ne � nc�=nenc�1=2

where XE and XC were means of NPFC of experiments
and controls, respectively. The value of sp was calcu-
lated according to the formula sp

2 � f��ne±1�se2 �
�nc±1�sc2�=�ne � ne ÿ 2�g. The corresponding degree of
freedom was n � ne � nc ÿ 2, the other parameters
used were nc � 28, sc � 0:0988 and XC � 904.
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3. Results and discussion

The e�ect of increasing doses of dexamethasone,
DHEA and of both isomers of 7-OH-DHEA on the
NPFC is shown in Table 1, and the e�ect of these ster-
oids on cell viability at the end of experiments is
shown in Table 2. As expected, dexamethasone sup-
pressed the primary response even at the lowest con-
centration (0.01 mg/ml, i.e. 25.5 nM) and it had also a
signi®cantly toxic e�ect on cell viability in contrast to
other steroid tested. The e�ect of other steroids on the
NPFC di�ered considerably. While DHEA and its 7a-
hydroxyderivative decreased the NPFC irrespectively
to the dose, the decrease of the NPFC caused by 7b-
OH-DHEA was decreased along with increasing dose.

For a better understanding of this e�ect, the data
from all the experiments testing the e�ect of the ster-
oids were plotted against the logarithm of their con-
centrations (since the log of zero is not de®ned, the
100 times lower concentrations than that of the lowest
actual steroid concentration were attributed to control
experiments), as shown on Fig. 1. As mentioned
above, DHEA and its 7a-hydroxylated metabolite
decreased slightly the primary immune response and
the lines representing the upper and lower borderline

were close to parallel. The inhibitory e�ect of 7b-OH-
DHEA exhibited a considerably higher variance at
higher concentrations, which may be explained by a
diverse e�ect on various cell populations.

Therefore, the simultaneous e�ect of the latter ster-
oid and dexamethasone on the NPFC as well as on
cell viability was tested. The concentration of dexa-
methasone was kept constant, chosen as such to cause
already a signi®cant decrease of the NPFC (see Table

Table 1

The e�ect of various doses of dexamethasone, DHEA and both (7a- and 7b) isomers of 7-OH-DHEA on the number of plaque forming cells

(NPFC) in cultured murine spleen lymphocytes. Results are expressed as % of the mean value of NPFC from 28 control experiments. The data

represent the mean values from at lest 3 values for each concentration of each steroid, i.e. altogether 28 experiments. Doses of added steroid are

given in mg/L; the lowest dose 0.01 mg/L corresponds to the concentrations 25, 34.7 and 32.9 nM for dexamethasone, DHEA and 7-OH-

DHEA, respectively. Asterisks show signi®cance of the e�ect of tested compound related to controls at 95% probability level

The e�ect of tested compound on the NPFC (in % of controls)

steroid/dose (mg/mL) 0.01 0.1 1 10

DHEA 47.8� 48.7� 83.1 13.6�

7a-OH-DHEA 87.7 20.5� 42.1� 51.1�

7b-OH-DHEA 23.3� 22.2� 40.1� 56.1�

Dexamethasone 3.3� 3.4� 5.1� 16.5�

Table 2

The e�ect of various doses of dexamethasone, DHEA and both (7a- and 7b) isomers of 7-OH-DHEA on the cell viability in cultured murine

spleen lymphocytes. Results are expressed as % of surviving cells at the end of the experiment related to the mean value of control experiments.

The data represent the mean values from at lest 3 values for each concentration of each steroid, i.e. altogether 28 experiments. The doses of

tested steroids are the same as in Table 1. Asterisks show signi®cance of the e�ect of tested compound related to controls at 95% probability

level

The e�ect of tested compound on the cell viability

as % of surviving cells at the end of the experiment

related to the mean value of control experiments

steroid/dose (mg/mL) 0.01 0.1 1 10

DHEA 64.9 103 126 77.6

7a-OH-DHEA 92.2 90.7 88.6 81.2

7b-OH-DHEA 91.5 103 101 97.7

Dexamethasone 33.5� 37.7 42.7 42.9�

Table 3

Simultaneous e�ect of dexamethasone and of 7b-OH-DHEA on the

number of plaque forming cells (NPFC) and their viability at the

end of the experiment in cultured murine spleen lymphocytes. The

data are expressed as % of the e�ect of the dexamethasone alone

(0.1 mg/ml, i.e. 255 nM, mean from 9 experiments). Each value rep-

resents the mean from three parallel experiments. Asterisks show sig-

ni®cance of the e�ect of tested compound related to that of

dexamethasone alone at 95% probability level (% of the e�ect of

dexamethasone)

Dose of 7b-OH-DHEA NPFC (%) Viability (%)

0.1 mg/ml (347 nM) 122.8 94.4

1.0 mg/ml (3.47 mM) 155.5� 116.7

10 mg/ml (34.7 mM) 150.8� 116.7
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1), i.e. 0.1 mg/ml (255 nM), while 3 concentrations of
7b-OH-DHEA were tested. The e�ect of dexametha-
sone alone (the mean from 9 experiments) was taken
as a reference value to which the simultaneous e�ect of
7b-OH-DHEA was related. The results are summarised
in Table 3. Each value represents the mean from 3 par-
allel experiments. It may be seen that 7b-OH-DHEA
counteracted the e�ect of dexamethasone on NPFC
even at the same concentration as dexamethasone but
it did not counteracted the toxic e�ect of dexametha-
sone on cell viability.

The ®nding that 7b-OH-DHEA is able to counteract
at least partially the immunosuppressive e�ect of dexa-
methasone is in agreement with the recent results of
others [12,13], who demonstrated that another 7b-hy-
droxylated metabolite of DHEA, namely 5-androstene-
3b,7b,17b-triol but not DHEA itself acted in a similar
way.
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