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Summary-In the present study we investigated whether transcortin modulates the in vitro effects of 
cortisol on the proliferation of human peripheral blood mononuclear cells (PBMC) stimulated by different 
mitogens and on mitogen-induced polyclonal immunoglobulin production. Physiological doses of cortisol 
(l&1000 nM) strongly inhibited the proliferation of PBMC stimulated by the monoclonal antibody OKT3 
or by phytohemagglutinin. Addition of pure cortisol-free transcortin significantly reduced these inhibitory 
effects in a dose dependent manner. Transcortin (1 PM) caused a 3- to 4-fold reduction of the effects of 
100 nM cortisol. Transcortin alone had no influence on the proliferation of stimulated PBMC. Polyclonal 
immunoglobulin production by PBMC stimulated with pokeweed mitogen was enhanced by physiological 
doses of cortisol. A concentration of 100 nM cortisol caused an increase of immunoglobulin G and M 
production of 81 and 55% respectively. This effect was abolished by addition of 1 PM transcortin to the 
cultures, whereas transcortin alone had no effect. These results indicate that an evaluation of the effect 
of corticoids on lymphoid tissues should be based on the free cortisol level rather than on the total cortisol 
concentration. 

INTRODUCTION 

Glucocorticoid hormones have striking, but diverse 
effects on lymphoid tissues and cells [l]. In uiuo, the 
greater fraction of these hormones is bound to trans- 
cortin and to albumin and only a small amount 
circulates in the free form [2]. Both in oiuo[3] and 

in vitro [4] corticoids and corticoid-transcortin com- 
plexes had similar effects on lymphoid cells, whereas 
in many other systems [2,5] the corticoid-transcortin 
complexes were biologically inactive. On the other 
hand, it has been shown that a corticoid-resistant 
human lymphoid cell line becomes corticoid sensitive 
after incubation with transcortin [6]. These experi- 
ments prompted us to investigate the effect of cortisol 
and of transcortin on human PBMC. We examined 
the in vitro effects of both compounds on mitogen- 
induced proliferation of PBMC and on antibody 
production. 

EXPERIMENTAL 

Materials 

Transcortin was purified as described previously 
[7]. This pure preparation contained 0.002 mol corti- 
sol per mol transcortin and could bind 0.74mol 
cortisol per mol transcortin, as measured by gel 
filtration [7]. The culture medium (RPM1 1640 
medium, containing 10% heat-inactivated foetal calf 
serum, 100 ,ug/ml streptomycin, 100 U/ml penicillin 
and 2 mM I-glutamine) had a cortisol concentration 
of 0.1 nM and could bind 0.03 nmol cortisol/ml. 

Mitogens used in this study were phytohemag- 
glutinin (PHA; Wellcome Reagents, Beckenham, 

U.K.), pokeweed mitogen (PWM; Calbiochem, Lu- 
cerne, Switzerland) and the monoclonal antibody 
0KT3 (Ortho Pharmaceuticals, Raritan, NJ). The 
characteristics of the antibody 0KT3 have been 
described in [8]. 

Cell cultures 

PBMC were cultured as in [7] with minor modifi- 
cations. Briefly, venous blood from 6 adult men 
(22-45 years) was collected on acid-citrate-dextrose 
and mononuclear cell suspensions were prepared by 
centrifugation on Ficoll-Hypaque gradients. The cell 
preparations contained about 80% lymphocytes and 
20% monocytes. For proliferation studies different 
amounts of cortisol and/or transcortin and PHA 
(0.125 pg/ml), 0KT3 (10 ng/ml) or PWM (1 pg/ml) 
were added to 0.5 x lo6 cells in a final volume of 1 ml 
culture medium. Four aliquots (0.2 ml) of each tube 
were distributed in microtiter plates and incubated 
for 72 h (cells stimulated with OKT3 or PHA) or 96 h 
(cells stimulated with PWM). Proliferation was esti- 
mated by adding 1 PCi [3H]thymidine for the last 8 h 
of the culture period and measuring the uptake. For 
the determination of immunoglobulin production, 
PWM was added in an optimal concentration of 
1 pg/ml to 0.5 x lo6 cells in a 1 ml vol. The cells were 
incubated in duplicate for 7 days. Then the cell 
suspensions were centrifuged and immunoglobulin G 
and M were measured in the culture supematant by 
ELISA [9]. 

Statistical analysis 

Data were analyzed by Student’s t-test. 
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Fig. 1. Influence of cortisol on [3H]thymidine incorporation 
in human PBMC, stimulated with 0KT3 (m), PHA (0) 
or PWM (A). Values are expressed as percent of stimu- 
lated cultures without cortisol (controls, 100%). The [3H]- 
thymidine incorporation for these control cultures was 
15683, 18821 and 24938 cpm/well for cells stimulated with 
OKT3. PHA and PWM resoectivelv. Each point represents 
the mean of six cultures (&SE). Statktical significance of the 
difference with control cultures is indicated by * (P < 0.05) 

and ** (P ~0.01). 

RESULTS 
** (P ~0.01) and *** (P <O.OOl). 

Effect of cortisol and transcortin on the proliferation of PWM were 109.1 (f8.4), 100.7 (k3.5) and 90.4 

PBMC (+ 2.8) percent of the control values respectively. 

Cortisol inhibited the proliferation of mitogen- 
stimulated human PBMC in a dose-dependent man- 
ner (Fig. 1). The effective doses (l&1000 nM) were in 
the physiological range. The cortisol concentration 
present in the medium (only 0.1 nM) was well below 
this effective dose. The degree of the inhibition by 
cortisol was dependent on the mitogen: cortisol 
highly inhibited the [3H]thymidine incorporation in 
PBMC stimulated with the specific T lymphocyte 
mitogen 0KT3 [8] and with PHA. At a concentration 
of 1 PM, cortisol caused an inhibition of 90%. The 
proliferation of PWM-stimulated lymphocytes was 
much less inhibited (Fig. 1). A dose of 1 PM caused 
only a 20% inhibition of the [3H]thymidine incorpor- 
ation. This was not due to the rather high dose of 
PWM used, since similar results were obtained when 
10 to loo-fold lower concentrations of PWM were 

used (results not shown). 

Effect of cortisol and transcortin on antibody pro- 
duction 

Antibody production by PWM-stimulated PBMC 
was enhanced by physiological doses of cortisol 

- 

I 

Addition of cortisol-free, biologically active trans- 
cortin reduced the effect of a constant amount 
(100 nM) of cortisol (Fig. 2). In the absence of 
transcortin, 100 nM cortisol caused an inhibition of 
the [3H]thymidine incorporation in PBMC stimulated 
with OKT3 or PHA of 66 and 73% respectively. In 
the presence of 1 PM transcortin, the same dose of 
cortisol caused an inhibition of only 21 and 17%. 
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Transcortin alone had no effect. Mean values 
(&-SE, n = 6) obtained for the [3H]thymidine incor- 
poration in PBMC cultured in the presence of 1 PM 
transcortin and stimulated with OKT3, PHA and 

Fig. 3. Influence of cortisol on the production of immuno- 
globulin G (0) and M (B) by human PBMC, stimulated 
with PWM. Values are expressed as percent of stimulated 
cultures without cortisol (controls, 100%). The IgG and 
IgM production of these control cultures were 2066 and 
1457 ng/tube respectively. Each point represents the mean of 
six cultures ( f SE). Statistical significance of the difference 
with control cultures is indicated by * (P < 0.05) and 

** (P < 0.01). 
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Fig. 2. Influence of transcortin on the [‘Hlthymidine incor- 
poration in human PBMC, cultured in the presence of 
100 nM cortisol and stimulated with 0KT3 (m), PHA (0) 
or PWM (A). Values are expressed as percent of stimulated 
cultures without transcortin or cortisol (controls). Each 
point represents the mean of six cultures ( f SE). Statistical 
significance of the difference with cultures with 1OOnM 
cortisol, but without transcortin is given by * (P < 0.05) 
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These results clearly indicate that for the esti- 
mation of the effect of corticoids on lymphoid tissues 
and cells, the free cortisol level rather than the total 
cortisol concentration should be used. 

Fig. 4. Influence of transcortin on the production of immu- 
noglobulin G (a) and M (m) by human PBMC cultured in 
the presence of 100 nM cortisol and stimulated with PWM. 
Values are expressed as percent of stimulated cultures 
without transcortin or cortisol. Each point represents the 
mean of six cultures (+ SE). Statistical significance of the 
difference with cultures with 100nM cortisol, but without 
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transcortin is given by l (P < 0.05) and ** (P < 0.01). 1. 

(Fig. 3). At a concentration of lOOnM, cortisol 
caused a 81 and 55% increase of immunoglobulin 
G and M production respectively. This effect was 
reduced by addition of 100 nM transcortin to the cells 
and abolished by 1 PM transcortin (Fig. 4). Trans- 
cortin alone had no effect. Immunoglobulin G and M 
production in the presence of 1 PM transcortin were 
98.0 (+ 5.7) and 91.1 ( f 6.6) percent of the controls 
respectively. 

DISCUSSION 

Corticoids have diverse effects on lymphoid cells 
[l]. In accordance with previous reports we observed 
both inhibitory and stimulatory effects. The proli- 
feration of PBMC stimulated with the monoclonal 
antibody OKT3, a mitogen specific for T lympho- 
cytes [8], was strongly inhibited by cortisol, indicating 
that T lymphocytes were very sensitive to this corti- 
coid. A similar degree of inhibition was observed for 
PHA. Proliferation of PBMC stimulated with PWM 
was less inhibited. Antibody production by these cells 
on the other hand was enhanced by corticoids. Since, 
in vivo, the greater fraction of corticoids is bound to 
transcortin [2], it is important to know whether this 
protein modulates the action of cortisol. As expected 
[4,7, lo] transcortin had no effect on the proliferation 
of PBMC stimulated with PHA. Proliferation in- 
duced by OKT3 or by PWM and the PWM-induced 
immunoglobulin production were also not affected by 
transcortin. However, transcortin did modulate the 
effect of cortisol. The biological activity of cortisol 
was significantly reduced by addition of biologically 
active, cortisol-free transcortin. The activity of corti- 
sol in the presence of transcortin corresponded better 

with the free cortisol levels than with total cortisol 
concentrations. Assuming an affinity constant of the 
transcortin-cortisol association at 37°C of 3 x 10’ [2] 
free cortisol in cultures with lo-‘M cortisol and 
low6 M transcortin was calculated to be 3.5 low9 M. 
The inhibition of the [3H]thymidine incorporation 
and the stimulation of antibody production by 
PBMC cultured in the presence of lo-‘M cortisol 
and 10m6 M transcortin corresponded indeed with the 
effect of 3.5 10e9 M cortisol alone (compare Figs l-2 
and Figs 3-4). This effect is physiologically relevant 
since both the absolute concentrations of cortisol and 
transcortin and the cortisol-transcortin ratio used in 
this study were in the physiological range [l 11. 
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