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ABSTRACT

Glucocorticoids (GC) affect virtually all organ systems, acting mainly via the glucocorticoid recep-
tor  (GR). The immune system is the best characterized tissue for assessing GC sensitivity. It is well
established that the immune system GC sensitivity varies widely between normal subjects. Howev-
er, it remains unclear whether measurements of the immune system GC-sensitivity reflect the GC-
sensitivity in other GC target tissues of the same individual. Thus, in the present study we com-
pared the GC sensitivity of the immune system, assessed by determining the dexamethasone inhi-
bition of LPS-induced TNF-a production in peripheral leukocytes, with the feedback sensitivity of
the HPA axis, assessed by a very low dose dexamethasone (0,25mg) suppression test, in sixteen
healthy volunteers. We observed a wide variation in the magnitude of the responses in the two GC
targets. However, and in agreement with a number of previous reports, in a given subject the GC
sensitivity of the immune system did not correlate with that of HPA axis inhibition, indicating a
tissue specificity of GC sensitivity in the same individual. In summary, the bulk of current evidence
suggests that GC sensitivity is tissue specific for a given individual. Additional studies are warrant-
ed to elucidate the exact mechanism(s) involved in the differential GC tissue responsiveness.
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INTRODUCTION

Glucocorticoids (GC) act on virtually all organ sys-
tems, regulating a large number of metabolic, cardio-
vascular and immune functions. Most of their effects

are mediated by binding to the glucocorticoid recep-
tor (GR). The magnitude of the response to GCs de-
pends on several parameters such as the concentra-
tion of the free hormone, its relative potency for bind-
ing to GR and the ability of the target cell to receive
and transduce the hormone signal1. Alterations in any
of these factors may result in individual differences in
glucocorticoid sensitivity. Current evidence suggests
that there is a wide variation in GC sensitivity amongst
humans2-7. Thus, from clinical observations it has been
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known for many years that patients requiring GC treat-
ment for various disorders do not exhibit the same
sensitivity both with regard to efficacy and to the prev-
alence and severity of side effects8-10. In recent stud-
ies, laboratory assessment of GC sensitivity in vari-
ous target tissues confirmed the wide variation of GC
sensitivity among healthy volunteers4,6,7,11. The best
characterized tissue for assessing GC sensitivity is the
immune system where GCs affect cell proliferation
and inhibit the release of the proinflammatory cy-
tokines IL-6 and TNF-a11-13. Several studies have shown
that the intrinsic sensitivity of an individual�s immune
system to GC-mediated suppression is a major factor
in determining its response to steroid therapy for in-
flammatory conditions8,13,14. Thus, measurements of the
immune system GC-sensitivity may become a useful
tool in predicting the efficacy of steroid therapy on
the disease outcome. However, it is currently unclear
whether measurements of the immune system GC-
sensitivity may also predict the extent of GC effects
in other susceptible target tissues of the same individ-
ual. In fact, studies investigating whether the GC sen-
sitivity of the immune system reflects the GC sensi-
tivity of other organs in the same subject led to con-
troversial results.

The aim of the present study was to assess wheth-
er the immune GC sensitivity assessed in peripheral
blood cells is a characteristic of all target tissues in an
organism or is tissue-specific, as a number of previ-
ous studies have implicated. The hypothalamo-pitui-
tary adrenal (HPA) axis is a well-known target of GCs,
in which GCs exert a strong feedback inhibition. Var-
ious types of dexamethasone suppression tests are
routinely used to differentiate between normal and
abnormal function of the HPA axis. For this purpose
doses of dexamethasone that produce maximum sup-
pression of the HPA axis are commonly used. By us-
ing lower doses of dexamethasone, however, a wide
variation of post-dexamethasone cortisol levels are
observed in normal volunteers.  Based on recent sug-
gestions the degree of suppression of cortisol levels
by very low doses of dexamethasone can be used as an
index of GC feedback sensitivity (4). In this study,
therefore, we compared the GC sensitivity of the im-
mune system, assessed in peripheral blood cells, as
previously described, with the feedback sensitivity of
the HPA axis, assessed by a very low dose dexameth-
asone suppression test, in healthy adults.

SUBJECTS AND METHODS

Subjects

Sixteen healthy volunteers  (8 men, mean age 29.63
±4.81 years, BMI 25.03±4.07 and 8 women, mean age
38.88±13.4 years, BMI 23.79±4.51), medication free,
participated in this study. Subjects reported to our
laboratory on two consecutive days. On the first day,
blood samples were collected after an eight-hour fast,
between 08.30 and 09.00, for the assessment of sensi-
tivity to GCs and for the measurement of basal corti-
sol levels. In addition, screening laboratory chemistry
and hematology tests were performed and the basal
levels of TNF-a, C-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR) were measured to
exclude a possible inflammatory process that would
interfere with our study. Subjects were instructed to
take 0.25mg dexamethasone at 23.00 and next day
blood was drawn between 8.00 and 8.30 to determine
post-dexamethasone cortisol levels.

Sample collection

For the assessment of sensitivity to GCs and for
the measurement of basal TNF-a levels, venous blood
was collected in endotoxin-free heparinized tubes (no-
6541, Becton and Dickinson, Rutherford, NJ, USA).
All samples were processed within 45 min. Serum was
used for cortisol determinations.

TNF-a stimulation assay

The assay is based on the suppression by dexame-
thasone (Dex) of lipopolysacharide (LPS)-induced
TNF-a production in whole blood samples. The
amount of TNF-a produced by LPS-stimulation in the
presence or absence of Dex was measured by ELISA,
the degree of Dex inhibition of TNF-a production
being an index of cell sensitivity to GCs. The assay
was carried out using the Dyna-MIXTM TNF-a stimu-
lation assay kits (Biosource Europe SA, Belgium) of
the same batch number (Lot number) according to
the manufacturer�s suggestions with minor modifica-
tions. Briefly, 25 ìl of whole blood samples or TNF-a
standards were incubated with 200 ìl of stimulant so-
lution (100 ng/ml LPS final concentration in RPMI)
in the presence or absence of dexamethasone-21-phos-
phate (10-6 M final concentration in RPMI) (Dex, no
D1159, Sigma Chemical Co., St. Louis MO, USA) in
anti-TNF-a coated microtiter plates, for 3 h at 37°C.
After incubation, washings, addition of anti-TNF-a
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horse-radish-peroxidase conjugate, chromogen and
stop solution followed, as recommended by the man-
ufacturer. Optical density was measured at 405 nm
against a 650 nm blank filter on a CODA automated
ELISA analyzer (Bio�Rad Laboratories, Richmond,
CA, USA), and the results were calculated against a
standard curve. The detection limit for TNF-a was 8
pg/ml, and the overall analysis intra-assay variability
was 6% for the LPS-stimulated samples and 8 to 9%
for the samples treated with Dex. All LPS-stimulated
samples with or without Dex were measured in tripli-
cate. The inter-assay variability of the TNF-a assay
was 10%.

TNF-a assay

This assay was performed as described for the TNF-
a stimulation assay (DynaMixTM TNF-a stimulation
assay kit, Biosource Europe SA, Belgium), but 25 ìl
of whole blood was incubated with 200 ìl of RPMI
instead of stimulant solution.

Lymphocyte Glucocorticoid sensitivity index

The percent inhibition of LPS-induced TNF-a pro-
duction in the presence of 10-5 M and 10-6 M DEX was
taken as an index of sensitivity to GCs.

Cortisol assay

Serum cortisol was determined by radioimmu-
noassay (Coat-A-count, Cortisol RIA, Diagnostic
Products Corporation, Los Angeles, CA, USA).

Individual feedback sensitivity of the HPA axis

As an index of the individuals� feedback sensitivity
of the HPA axis we used the degree of dexametha-
sone-induced suppression of cortisol levels, expressed
as ÄF= (Fb-F post-dex)/Fb, where Fb means basal
cortisol levels and F post-dex cortisol levels after the
administration of 0.25mg dexamethasone.

RESULTS

As expected, there was a significant suppression
of morning cortisol levels after the administration of
0.25mg of dexamethasone, mean baseline cortisol lev-
els were 14.8ìg/dl whereas mean post-DEX cortisol
levels were 7.3ìg/dl (p=0,001). As shown in figure 1,
a considerable variability among the subjects was ob-
served in ÄF, ranging from insignificant to almost 80%
reduction reflecting differences among healthy indi-
viduals as to their feedback sensitivity of HPA axis.

The LPS-induced TNF-a production by the indi-
viduals� leukocytes was inhibited by dexamethasone
in a dose-dependent manner. As shown in figure 2, a
considerable inter-individual variation was also found.

As shown in figure 3, intercorrelations between the
two markers of tissue GC sensitivity yielded no corre-
lation between them. No significant differences be-
tween men and women were observed in respect to
the degree of cortisol suppression or lymphocyte sen-
sitivity (Table 1).

DISCUSSION

In the present study and in agreement with previ-
ous reports3-8, we demonstrated a wide variability in
the tissue sensitivity to glucocorticoids among healthy
subjects. Thus, in both GC targets assessed in this
study, namely, cells of the peripheral immune system
and the HPA axis, there was a wide variation in the
magnitude of the responses observed. Furthermore,
the GC sensitivity of the immune system of a given
subject did not correlate with that observed with re-
gard to HPA axis inhibition, indicating a tissue spe-
cificity of GC sensitivity in the same individual.

The correlation of GC sensitivity in different tis-
sues of the same individual has been investigated in a
limited number of reports with conflicting results. Pre-
vious studies including patients suffering from depres-
sion or asthma demonstrated a concordance in the
GC sensitivities of the various functions tested. Thus,

Figure 1. Distribution of ÄF* among the 16 individuals.

*ÄF= (Fb-F post-dex)/Fb

subjects
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Figure 3. Scattergrams for correlation between ÄF and the % inhi-
bition of the LPS-induced TNF-a production by the individuals� leu-
kocytes by 10-6 M (upper panel) and 10-5 M (lower panel) dexame-
thasone.

% inhibition of TNF-á production by 10�5 M DEX

% inhibition of TNF-á production by 10�6 M DEX

ous vasoconstrictor response to beclomethasone2,6.
However, the use of two different types of steroids
(dexamethasone and beclomethasone) raises ques-
tions as to whether or not the lack of correlation is
due to variations in the tissue specificities or is simply
the result of ligand-specific effects at different sites
of action.

Our findings are similar to those recently report-
ed by Ebrecht et al17 who found no correlation between
the dexamethasone-sensitivity of the immune system
and the feedback sensitivity to dexamethasone of the
HPA axis. In the study of Ebrecht et al., GC lym-
phocyte sensitivity was measured by calculating the
IC50 values of dexamethasone concentrations need-
ed to block IL-6 and TNF-a production. However,
IC50 values demonstrate relatively smaller variation
between GC sensitive and resistant subjects7. In our
study, we used a calculation of GC sensitivity corre-
sponding to the Imax value, which varies more widely
between subjects with different degrees of GC sensi-
tivity7. Also, by using an even lower dose of dexame-

cortisol non suppression in patients with depression
correlated positively with the lack of dexamethasone-
induced inhibition of Con-A stimulated lymphocytes15.
Also, steroid resistant asthma co-existed with a de-
creased sensitivity of skin blanching to exogenous be-
clomethasone application16. However, studies in nor-
mal volunteers, in good agreement with our findings,
failed to demonstrate any correlation in the GC sen-
sitivities of the target functions tested. Thus, in two
recent studies no correlation was found between the
lymphocyte glucocorticoid sensitivity and the cutane-

Figure 2. Distribution of the % inhibition of the LPS-induced TNF-
a production by the individuals� leukocytes by 10-6 M (upper panel)
and 10-5 M (lower panel) dexamethasone.

subjects

% inhibition of TNF-á production by 10-5 M DEX

% inhibition of TNF-á production by 10-6 M DEX
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ential expression of the various isoforms of the GR in
various tissues1,6,20,21. Also, alterations in the steroid
metabolizing enzymes or other interacting transcrip-
tion factors (AP-1) which modulate hormone access
to their receptors may also participate in conferring
tissue specificity22,23. Moreover, it should be taken into
account that GC-sensitivity is a dynamic rather than a
static phenomenon. For example, GC sensitivity in
various tissues demonstrates a seasonal and even a
diurnal variation3,11. Also, various types of stressors
affect GC sensitivity in several target tissues24-27. The
role of an altered GR sequence in the observed GC
sensitivity is also of high current research interest3,28,29.
Additional studies focusing on each one of these pos-
sibilities are therefore warranted in order to elucidate
the exact mechanism(s) involved in the differential
GC tissue responsiveness.
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*ÄF= (Fb-F post-dex)/Fb

thasone than the dose used by Ebrecht et al. and the
more accurate serum instead of salivary cortisol meas-
urements, we reached a greater degree of variation in
the feedback sensitivity in our subjects4. Despite these
modifications in our protocol, our findings were anal-
ogous to those of Ebrecht et al., indicating no corre-
lation between immune GC sensitivity and the feed-
back sensitivity of the HPA axis. A caveat in our study
is that the immune function was tested at almost max-
imum suppression while the HPA axis was only mini-
mally suppressed. However, maximum suppression of
the HPA axis invalidates its use as a marker of GC
sensitivity of this particular target.

There are several clinical implications of these find-
ings. As measurements of GC sensitivity are increas-
ingly used to predict the therapeutic outcome of ster-
oid administration in patients with various inflamma-
tory disorders, it should be pointed out that only di-
rect measurements of the immune GC sensitivity
should be used. Inflammation per se is a major deter-
minant of immune sensitivity to glucocorticoids18,19.
Indirect measurements in tissues of non-immune ori-
gin, like the in vivo assessment of the feedback sensi-
tivity or the in vitro use of skin fibroblasts, may not be
representative of the steroid actions on immune cells.
On the other hand, the degree of immune GC sensi-
tivity does not seem to predict the extent of steroid
side effects. Thus, ideally for an individualized ap-
proach of steroid therapy, additional measurements
of GC sensitivities in steroid-vulnerable tissues will
be required for optimal management.

In conclusion, the bulk of current evidence sug-
gests that GC sensitivity is tissue specific for a given
individual. However, the exact mechanism of this phe-
nomenon is still unknown. There might be several
explanations for the tissue specificity of the GC ac-
tion such as a variable expression level of the GR, a
differential usage of the GR promoter and a differ-
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