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Besedovsky L, Linz B, Dimitrov S, Groch S, Born J, Lange T.
Cortisol increases CXCR4 expression but does not affect CD62L and
CCR7 levels on specific T cell subsets in humans. Am J Physiol
Endocrinol Metab 306: E1322–E1329, 2014. First published April 22,
2014; doi:10.1152/ajpendo.00678.2013.—Glucocorticoids are well
known to affect T cell migration, leading to a redistribution of the
cells from blood to the bone marrow, accompanied by a concurrent
suppression of lymph node homing. Despite numerous studies in this
context, with most of them employing synthetic glucocorticoids in
nonphysiological doses, the mechanisms of this redistribution are not
well understood. Here, we investigated in healthy men the impact of
cortisol at physiological concentrations on the expression of different
migration molecules on eight T cell subpopulations in vivo and in
vitro. Hydrocortisone (cortisol, 22 mg) infused during nocturnal rest
when endogenous cortisol levels are low, compared with placebo,
differentially reduced numbers of T cell subsets, with naive CD4⫹ and
CD8⫹ subsets exhibiting the strongest reduction. Hydrocortisone in
vivo and in vitro increased CXCR4 expression, which presumably
mediates the recruitment of T cells to the bone marrow. Expression of
the lymph node homing receptor CD62L on total CD3⫹ and CD8⫹ T
cells appeared reduced following hydrocortisone infusion. However,
this was due to a selective extravasation of CD62L⫹ T cell subsets, as
hydrocortisone affected neither CD62L expression on a subpopulation
level nor CD62L expression in vitro. Corresponding results in the
opposite direction were observed after blocking of endogenous cortisol synthesis by metyrapone. CCR7, another lymph node homing
receptor, was also unaffected by hydrocortisone in vitro. Thus, cortisol seems to redirect T cells to the bone marrow by upregulating their
CXCR4 expression, whereas its inhibiting effect on T cell homing to
lymph nodes is apparently regulated independently of the expression
of classical homing receptors.
hydrocortisone; T cell migration; L-selectin; CCR7; CXCR4
IN SEARCH OF THEIR COGNATE ANTIGEN, naive and central memory
T cells continuously migrate from the blood across high endothelial venules (HEV) into lymph nodes and via efferent
lymphatics and thoracic duct back again into the circulation
(18, 37). It has long been known that administration of glucocorticoids disrupts this recirculation and induces a profound
lymphocytopenia (17, 20) that affects mainly T cells with
lymph node homing capacity (i.e., naive and central memory T
cells) rather than effector T cells (16, 25). Increases in endog-
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enous glucocorticoids during the circadian morning rise and
following physical and mental stress are likewise associated
with a reduction of blood T cell counts (1, 13, 14, 16, 28, 32,
40, 42). In humans the circadian decline in T cell numbers in
the morning is, like the decrease after glucocorticoid administration, most pronounced for naive and central memory T cells
(2, 5, 16).
As shown in animal studies, glucocorticoids decrease T cell
numbers in the blood by redirecting these cells to the bone
marrow (e.g., Refs. 10, 11, 19). The traffic to this compartment
depends on the cellular chemokine receptor CXCR4 and its
endogenous ligand CXCL12, the latter being produced in high
amounts in the bone marrow (6, 35). In humans, CXCR4
expression on T cells is upregulated after administration of
cortisol at physiological concentrations in vitro (16, 32) as well
as during the circadian morning rise in cortisol (5). CXCR4
signaling thus represents a likely molecular mechanism of T
cell redistribution to the bone marrow during naturally elevated
glucocorticoid levels. However, there is only one in vivo study
showing that topical glucocorticoid administration increases
CXCR4 expression on T cells (12), and evidence following
systemic glucocorticoid administration is entirely lacking.
Concurrently with fostering T cell homing to the bone
marrow, glucocorticoids impede T cell traffic across HEV,
thereby reducing T cell numbers in lymph nodes and thoracic
duct (9, 11, 41). Studies in humans suggest that this impairment of lymph node homing is mediated by decreases in
CD62L expression on lymphocytes (36). However, findings on
the impact of glucocorticoids on this so-called “lymph node
homing receptor” are inconclusive; basically, it is unclear
whether changes in the expression of CD62L are due to a selective
depletion of naive and central memory T cells expressing high
CD62L levels from the circulation or reflect “real” changes in the
surface expression of this molecule (7, 31, 36).
This study aimed to investigate in healthy men the impact of
cortisol infused at physiological concentrations on the expression of CXCR4 and CD62L on eight different T cell subpopulations [i.e., naive, central memory, effector memory, and
(terminally differentiated) effector CD4⫹ T helper and CD8⫹
cytotoxic T cells], numbers of which are known to be differentially affected by cortisol (16, 19). Cortisol was administered
during the nocturnal sleep period, when endogenous release of
the hormone is low. CD62L expression was also examined
after in vivo blocking of the morning rise in cortisol by
metyrapone. In additional in vitro experiments, we aimed to
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confirm the hypothesized direct enhancing and suppressing
effects of cortisol on CXCR4 and CD62L levels, respectively,
and their blockade by the glucocorticoid receptor (GR) antagonist mifepristone. In these experiments, we also assessed
changes in CCR7, a second lymph node homing receptor (43).
MATERIALS AND METHODS

Subjects. Twelve healthy men participated in the study (mean
age ⫾ SE: 24.42 ⫾ 0.79 yr). All subjects had a regular sleep/wake
pattern, did not take any medication at the time of the experiment, and
were nonsmokers. Acute and chronic illnesses were excluded by
medical history, physical examination, and routine laboratory investigation. All subjects spent one adaptation night in the laboratory in
order to become accustomed to the experimental setting. The study
was approved by the Ethics Committee of the University of Lübeck,
and all participants gave written informed consent.
Experimental design. The study was performed according to a
double-blind, randomized crossover design. Each participant spent
two experimental nights in the laboratory (placebo vs. hydrocortisone). The two nights were separated by at least 2 wk to ensure
clearance of the substance and complete disappearance of its effect on
the immune system. On experimental nights, subjects arrived at the
laboratory at 1930 for preparing blood sampling and polysomnographic recordings. Between 2140 and 2230, subjects performed
psychological tasks, results of which are reported elsewhere (24).
Sleep was allowed for a 7-h period starting around 2300 (lights off ⫾
30 min, depending on the time subjects needed to perform the memory
tasks). Subjects received an intravenous infusion of hydrocortisone
(cortisol, 22 mg dissolved in 50 ml saline solution; Pharmacia &
Upjohn, Erlangen, Germany) or saline right before lights were turned
off. The infusion rate was 36.4 ml/h during the first 15 min and 9.1
ml/h for the subsequent 135 min and was then continued at a rate of
4.5 ml/h until awakening to maintain elevated but still physiological
cortisol levels throughout the sleep period. Hydrocortisone infusion
was administered at night while subjects slept to cover the circadian
period of lowest endogenous cortisol activity, and also to keep the
impact of potentially confounding effects from stressors that affect
endogenous cortisol release at a minimum.
Blood was sampled first 90 min before starting the infusion, again
immediately before, and then every 45 min until 90 min after stopping
the infusion for determination of cortisol levels. T cell parameters
were determined in blood sampled 90 min before drug administration,
then every 1.5 h until 45 min after termination of the infusion, and
again 45 min later. Blood was sampled via an intravenous catheter
inserted in the arm opposite to that receiving the hydrocortisone/
placebo infusion. The catheter was connected to a long thin tube,
which enabled blood collection from an adjacent room without disturbing the subject’s sleep.
T cell subpopulations. Absolute counts of CD3⫹ total T lymphocytes, CD4⫹ T helper lymphocytes, and CD8⫹ cytotoxic T lymphocytes as well as their naive (CD45RA⫹CD62L⫹), central memory
(CD45RA⫺CD62L⫹), effector memory (CD45RA⫺CD62L⫺), and
(terminally differentiated) effector (CD45RA⫹CD62L⫺) subsets were
determined by a “lyse no-wash” flow cytometry procedure. Briefly, 50
l of an undiluted blood sample was immunostained with anti-CD3/
Horizon V500, anti-CD8/PerCP, anti-CD4/Horizon V450, antiCD62L/FITC, anti-CD45RA/PE, and anti-CD184 (CXCR4)/APC, in
Trucount tubes (all from BD Biosciences, San Jose, CA). After 15 min
of incubation at room temperature, 0.9 ml of fluorescence-activated
cell sorting (FACS) lysing solution (BD Biosciences) was added
followed by incubation for another 15 min. Finally, samples were
mixed gently, and at least 10,000 CD3⫹ cells were acquired on a BD
LSRII flow cytometer using DIVA software (BD Biosciences). The
absolute number of cells per microliter of blood was calculated using
the following formula: cells/l ⫽ (acquired cell events in the respective gate) ⫻ (number of beads per tube)/{(acquired bead events) ⫻
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[sample volume (l)]}. To study changes in relative quantity of
CD184 (CXCR4) and CD62L (L-selectin) on the cell subsets, the
median fluorescence intensity (MFI) of the labeled anti-CD184 and
anti-CD62L antibodies was analyzed.
Measurement of serum cortisol levels. Samples for determining
serum cortisol concentrations were kept frozen at ⫺80°C until assay
and were analyzed using a commercial assay (Immulite; DPC Biermann, Bad Nauheim, Germany). Sensitivity was 0.2 g/dl, and
intra-assay and interassay coefficients of variation were ⬍10%.
In vitro experiments. Whole blood from nine healthy subjects
(different from those of the in vivo studies) was sampled at 0100
while subjects were sleeping. To test the influence of hydrocortisone
on the expressions of CXCR4, CD62L, and CCR7, blood samples
were incubated with PBS at 37°C in the absence or presence of 17
g/dl hydrocortisone (corresponding to peak serum levels following
hydrocortisone infusion in the in vivo study), 220 g/dl mifepristone,
or both drugs in combination for 2 and 4 h. Samples were then labeled
with anti-CD3/Horizon V500, anti-CD4/Horizon V450, anti-CD62L/
FITC, anti-CD45RA/Alexa fluor 700, anti-CD184 (CXCR4)/APC,
and anti-CD197 (CCR7)/PE (all from BD Biosciences) and anti-CD8/
Qdot 605 (Invitrogen), and subsequently processed via a “lyse nowash” flow cytometry procedure as described for the in vivo experiments.
CD62L expression following metyrapone intake. To examine the
impact of in vivo suppression of cortisol synthesis by metyrapone on
CD62L expression, we reanalyzed samples from a foregoing study of
ours on the impact of metyrapone on T cell subset numbers and
CXCR4 expression. Results from that study for T cell counts and
CXCR4 expression, but not for CD62L expression, are published
elsewhere (5) and are not shown here. The design and experimental
methods in this study were comparable to those of the current study,
except that 16 subjects were given 1 g of metyrapone orally at 0400
such that the endogenous morning rise in cortisol was reliably suppressed. Blood for analyses of T cell parameters was sampled 2 h and
30 min before metyrapone intake, as well as 2, 4, and 6 h thereafter.
Statistical analyses. Data are presented as means ⫾ SE. Analyses
generally relied on analysis of variance (ANOVA) including repeatedmeasures factors for the administered “Substance” (hydrocortisone vs.
placebo) and “Time” (reflecting the different time points during the
observation period). Differences between conditions in baseline measures (i.e., the initial two blood samples) were used as covariates to
correct for day-to-day variations in flow cytometer performance and
blood parameters. Degrees of freedom were corrected using the
Greenhouse-Geisser procedure. Paired t-tests were applied to analyze
post hoc differences at single time points once ANOVA indicated
significant effects and to assess results of in vitro experiments. P ⬍
0.05 was considered significant.
RESULTS

Changes in T cell parameters following hydrocortisone
infusion. Hydrocortisone infusion reduced numbers of all T
cell subsets (P ⱕ 0.007 for Substance main effects or P ⱕ
0.037 for Substance ⫻ Time interaction effects; see Table 1 for
respective F-values of ANOVA results), except for effector
CD8⫹ T cells. The effect developed within 3 h following onset
of the infusion, and its duration varied among the subsets (see
Fig. 1A for post hoc pairwise comparisons at single time
points). The effect was strongest on naive CD4⫹ and CD8⫹ T
cells, which both showed maximal reductions in their blood
numbers of 38% after hydrocortisone infusion compared with
placebo (Table 1). Hydrocortisone increased the expression of
CXCR4, with strong effects on most of the subsets (P ⱕ 0.008
for Substance main effects and P ⱕ 0.045 for Substance ⫻
Time interaction effects; Table 1). The effect emerged between
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Table 1. Statistical results for effects of hydrocortisone infusion on T cell parameters
Cell Counts
ANOVA

CD4⫹ T-helper cells
Naive
Central memory
Effector memory
Effector

resultsa

S: F(1,10) ⫽ 18.57†
S⫻T: F(7,70) ⫽ 14.42†
S: F(1,10) ⫽ 21.58†
S⫻T: F(7,70) ⫽ 13.16†
S: F(1,10) ⫽ 11.57†
S⫻T: F(7,70) ⫽ 8.99†
S: NS
S⫻T: F(7,70) ⫽ 2.72*

CD8⫹ cytotoxic T cells
Naive
S: F(1,10) ⫽ 34.25†
S⫻T: F(7,70) ⫽ 14.82†
Central memory
S: F(1,10) ⫽ 13.15†
S⫻T: F(7,70) ⫽ 4.77†
Effector memory
S: NS
S⫻T: F(7,70) ⫽ 4.80†
Effector
S: NS
S⫻T: NS

CXCR4 Expression

Maximal difference,

%b

Effect

sizec

⫺38

⫺1.3

⫺30

⫺0.9

⫺26

⫺0.6

⫺26

⫺0.5

⫺38

⫺1.6

⫺25

⫺0.9

⫺20

⫺0.5

NS

NS

ANOVA

resultsa

S: F(1,10) ⫽ 46.46†
S⫻T: F(7,70) ⫽ 9.27†
S: F(1,10) ⫽ 39.30†
S⫻T: F(7,70) ⫽ 7.24†
S: F(1,10) ⫽ 27.39†
S⫻T: F(7,70) ⫽ 6.96†
S: F(1,10) ⫽ 10.84†
S⫻T: F(7,70) ⫽ 3.29†
S: F(1,10) ⫽ 54.30†
S⫻T: F(7,70) ⫽ 5.60†
S: F(1,10) ⫽ 21.40†
S⫻T: F(7,70) ⫽ 4.31†
S: F(1,10) ⫽ 26.08†
S⫻T: F(7,70) ⫽ 4.35†
S: F(1,10) ⫽ 11.10†
S⫻T: F(7,70) ⫽ 2.84*

Maximal difference, %b

Effect sizec

⫹25

1.2

⫹23

1.4

⫹25

1.4

⫹30

0.7

⫹22

1.1

⫹17

0.7

⫹18

1.0

⫹19

0.5

a
F-values (and degrees of freedom) for Substance main effect (S) or Substance ⫻ Time interaction effect (S⫻T). bValues indicate maximal differences between
hydrocortisone and placebo conditions (%). cCohen’s d for the time point of maximal differences between hydrocortisone and placebo conditions. *P ⬍ 0.05,
†P ⬍ 0.01. NS, not significant.

1.5 and 3 h after infusion onset and in most subsets persisted
throughout the recording interval (Fig. 1B).
Whereas CD62L expression was not affected by hydrocortisone on any subset, it appeared reduced for total T cells and
total CD8⫹ T cells (P ⱕ 0.003 for Substance main effects or
P ⱕ 0.044 for Substance ⫻ Time interaction effects; Fig. 2A).
Changes in CD62L expression on T cells following metyrapone administration. Administration of metyrapone to block in
vivo synthesis of cortisol during the morning rise did not
change CD62L expression on any of the eight T cell subsets of
interest (Fig. 2B), but appeared to increase CD62L expression
on total T cells, total CD8⫹ and total CD4⫹ T cells (P ⱕ 0.042
for Substance main effects, P ⱕ 0.047 for Substance ⫻ Time
interaction effects). Results of changes in T cell numbers and
CXCR4 expression following metyrapone administration are
reported elsewhere (5).
Changes in serum cortisol levels and reported side effects
following hydrocortisone infusion. As expected, the infusion of
hydrocortisone induced increases in blood cortisol levels that
were within the normal physiological range (between 8 and 17
g/dl, P ⬍ 0.001 for Substance main effect, P ⬍ 0.001 for
Substance ⫻ Time interaction effect). Compared with placebo,
levels were increased between 45 and 360 min (6 h) following
infusion onset (Fig. 3). The infusion suppressed the morning
cortisol rise such that cortisol levels were lower than in the
placebo condition during the last 1.5 h of the recording period.
No side effects were observed except that subjects reported
less tiredness in the morning after hydrocortisone than after
placebo infusion (P ⫽ 0.002). Subjects were not able to
correctly identify whether they had received an active agent or
placebo.
In vitro experiments. In vitro, hydrocortisone increased CXCR4
expression on all subsets except of effector CD4⫹ T cells (P ⬍
0.001 for comparisons between hydrocortisone and PBS control; Fig. 4 for naive subsets). Simultaneous incubation of
blood samples with mifepristone reduced the effect of hydrocortisone (P ⱕ 0.021 for comparisons between hydrocortisone

and hydrocortisone plus mifepristone) but did not block it
completely (P ⱕ 0.009, hydrocortisone plus mifepristone vs.
PBS control), which probably reflects partial agonistic properties of mifepristone [P ⱕ 0.048, mifepristone vs. PBS control
(5)]. Neither hydrocortisone nor mifepristone affected the expression of CD62L or CCR7 on naive and central memory T
cells (Fig. 4 for naive subsets).
DISCUSSION

Glucocorticoids strongly affect T cell recirculation, which
contributes to their immunomodulating action. Increases in
blood glucocorticoid levels are followed by a marked depletion
of T cells from the blood and an accumulation of these cells in
the bone marrow, whereas at the same time their entry into
lymph nodes is impaired (33, 34). Here, by analyzing effects of
cortisol at normal physiological concentrations in vivo and in
vitro, we corroborate the view that the redistribution of T cells
to the bone marrow is caused by a corticosteroid-induced
upregulation of CXCR4 on these cells (16, 32). In contrast, we
cannot confirm the notion that suppressed lymph node homing
is mediated by changes in cellular migratory molecules (36), as
neither CD62L nor CCR7 expression on T cell subsets was
affected by cortisol.
Complementing previous findings of increased T cellular
CXCR4 expression after in vitro (16, 32, 44) and topical (12)
glucocorticoid administration, our results demonstrate that systemic cortisol infusion likewise upregulates CXCR4 levels on
all T cell subsets of interest (i.e., naive, central memory,
effector memory, and effector CD4⫹ and CD8⫹ T cells). For
most subpopulations, CXCR4 upregulation was accompanied
by a marked decrease in cell numbers, with the magnitude of
this decrease being well comparable with findings from a
previous study (16). The translation of the increase in CXCR4
expression into a decrease in circulating cell numbers appeared
to be most distinct for the naive and central memory T cells.
Indeed, these subsets were identified to be most sensitive to the
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Fig. 1. Changes in counts and CXCR4 expression for circulating CD4⫹ and CD8⫹ T cell
subsets after hydrocortisone infusion. Mean
(⫾SE) of naive, central memory, effector
memory, and effector CD4⫹ and CD8⫹ T cell
counts (A) and of CXCR4 expression (B),
measured as median fluorescence intensity
(MFI), on these subsets. Values for the hydrocortisone condition are indicated as difference
from the placebo condition. Values are adjusted to baseline measures (i.e., values of the
first 2 samples before infusion onset) based on
covariance analyses; n ⫽ 12. *P ⬍ 0.05,
**P ⬍ 0.01 for pairwise comparisons between
the effects of hydrocortisone and placebo at
single time points. Filled bars indicate infusion
time. See text and Table 1 for ANOVA results.
Baseline cell numbers (per l blood) were 606,
325, 170, and 6 for naive, central memory,
effector memory, and effector CD4⫹ T cells,
respectively, and 312, 82, 172, and 37 for
corresponding CD8⫹ T cell subsets. Baseline
CXCR4 MFI values were 5505, 2901, 2266,
and 2650 for naive, central memory, effector
memory and effector CD4⫹ T cells, respectively, and 6592, 2784, 2284, and 1879 for
corresponding CD8⫹ T cell subsets.

effect of glucocorticoids decades ago (21). Among the eight
subsets of interest here, naive and central memory T cells show
the highest basal CXCR4 levels (16, 29) and are most effectively recruited to the bone marrow (15, 30). High CXCR4
levels may thus predispose these cells to effectively compete
for bone marrow homing. In addition, irrespective of changes
in CXCR4 expression, glucocorticoids can also augment
CXCR4-mediated traffic by activating intracellular signal pathways downstream of the chemokine receptor. This mechanism
is evident only in resting but not in activated T cells (23) and
could therefore also contribute to the preferential extravasation
of naive and central memory T cells during cortisol infusion.
Changes in cell numbers as well as in CXCR4 expression
developed 3 h following the onset of hydrocortisone infusion

on most T cell subsets. Furthermore, the increase in CXCR4
expression persisted throughout the monitoring period, although cortisol levels during the last 90 min of this period
had dropped already below the levels observed after placebo. These slow temporal dynamics of the effects suggest
a genomic mechanism of action on CXCR4 expression.
Indeed, T cells contain cytosolic GR, but in contrast to other
leukocytes, they do not express membrane-bound GR,
which are thought to mediate the rapid glucocorticoid effects (3). Overall, effects of cortisol infusion in our studies
very well mimicked the dynamics and magnitude of changes
in CXCR4 levels and cell numbers as observed during the
circadian (morning) rise in cortisol; these circadian changes
are likewise most pronounced in naive CD4⫹ and CD8⫹ T
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Fig. 2. Changes in CD62L expression on circulating CD3⫹, CD4⫹, and CD8⫹ T cells and
respective subsets after hydrocortisone infusion and metyrapone administration. A: mean
(⫾SE) of CD62L expression, measured as
MFI, on total CD3⫹, CD4⫹, and CD8⫹ T
cells as well as naive and central memory
CD4⫹ and CD8⫹ subsets after hydrocortisone infusion. Baseline CD62L MFI values
were 2334 and 2085 for naive and central
memory CD4⫹ T cells, respectively, and
2787 and 1966 for corresponding CD8⫹ T
cell subsets; n ⫽ 12. Filled bars indicate
infusion time. B: mean (⫾SE) of CD62L
expression on T cell subsets after metyrapone administration. Due to the use of different fluorochromes, baseline CD62L MFI
values were much higher in the metyrapone
than in the hydrocortisone study and averaged 5649 and 5163 for naive and central
memory CD4⫹ T cells, respectively, and
7115 and 5352 for corresponding CD8⫹ T
cell subsets; n ⫽ 18. Arrows indicate time of
drug administration. Values for the hydrocortisone and metyrapone conditions are indicated as difference from the respective
placebo conditions. Values are adjusted to
baseline measures (i.e., values of the first 2
samples before substance administration)
based on covariance analyses. *P ⬍ 0.05,
**P ⬍ 0.01 for pairwise comparisons between the effects of substance and placebo at
single time points. See text for P values of
ANOVA. Effector memory and effector T
cell subsets are not shown because they are
CD62L⫺ by definition.

cells and can be completely blocked by metyrapone administration (5).
Of note, from the present results we basically cannot infer
that the increase in CXCR4 expression indeed causes the

Fig. 3. Changes in cortisol levels after hydrocortisone infusion (means ⫾ SE).
Values for the hydrocortisone condition are indicated as difference from the
placebo condition. Values are adjusted to baseline measures (i.e., first 2 time
points; 4.0 g/dl) based on covariance analyses; n ⫽ 12. *P ⬍ 0.05, **P ⬍
0.01 for pairwise comparisons between the effects of hydrocortisone and
placebo at single time points. Filled bars indicate infusion time.

extravasation of the cells as well as their redistribution to the
bone marrow. Further studies are warranted to directly demonstrate such a causal relationship. Nevertheless, previous
experiments have already shown that glucocorticoids not only
augment CXCR4 expression but also enhance migration of T
cells toward CXCL12, the endogenous ligand of CXCR4 (12,
32, 44). These findings suggest that changes in CXCR4 expression following cortisol administration were indeed functional. CXCL12 is found in especially high amounts in the
bone marrow, and CXCR4 overexpression distinctly enhances
recruitment of T cells to this compartment (38). Together with
findings from animal studies showing an accumulation of T
cells within the bone marrow following glucocorticoid treatment (10, 19), it is thus highly likely that increases in CXCR4
expression following cortisol administration promote the redistribution of the cells to this compartment in humans.
Apart from revealing a role of endogenous cortisol in regulating T cell trafficking, our findings also have clinical implications. Thus, a CXCR4-mediated extravasation of T cells is a
likely explanation for the well-known rapid lymphopenia induced by glucocorticoid administration (20). An accumulation
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Fig. 4. Changes in CD62L, CCR7, and
CXCR4 expression on naive CD4⫹ and CD8⫹
T cells after incubation with hydrocortisone
(HC), hydrocortisone plus mifepristone (Mif),
and mifepristone alone (means ⫾ SE). Blood
sampled at 0100 was incubated for 2 and 4 h
with hydrocortisone (light gray bars), hydrocortisone plus mifepristone (dark gray bars),
and mifepristone (open bars). PBS incubation
was used as control (filled bars); n ⫽ 9. **P ⬍
0.01 for pairwise comparisons between effects
of the treatments and PBS; ##P ⬍ 0.01, #P ⬍
0.05 for pairwise comparisons between hydrocortisone and hydrocortisone plus mifepristone.

of T cells in the bone marrow with a concomitant reduction of
cell numbers in lymph nodes following increases in endogenous corticosterone levels also likely contributes to the attenuated adaptive immune responses observed in stressed animals
(22). In addition, a recent study found the therapeutic effect of
glucocorticoids on multiple sclerosis to strongly rely on an
enhanced migration of T cells toward CXCL12, which is
possibly associated with a redirection of T cells away from the
brain parenchyma (39). Finally, CXCR4 is a coreceptor for
cellular entry of some human immune deficiency virus (HIV)
strains. In combination with in vitro findings of increased HIV
infection of T cells following dexamethasone administration
(44), our in vivo results suggest that treatment of HIV patients
with glucocorticoids, even at low doses, could worsen their
illness.
Besides inducing a redistribution of T cells to the bone
marrow, glucocorticoids directly impede homing to lymph
nodes (11, 33). It has been proposed that reduced expression of
the lymph node homing receptor CD62L is responsible for the
impaired homing capacity of T cells following glucocorticoid
administration (36). However, the literature on the impact of
glucocorticoids on lymphocyte CD62L expression is contradictory, some studies reporting reduced levels and others no
change in the levels of this molecule after glucocorticoid
treatment (4, 8, 26, 27, 36). In our study, none of the subpopulations showed significant changes in CD62L expression following hydrocortisone infusion. However, CD62L levels were
reduced for total T cells and total CD8⫹ T cells. Conversely,
suppressing endogenous cortisol by metyrapone had no significant effect on CD62L at the subpopulation level, but increased
CD62L levels for total T cells and CD8⫹ T cells, a pattern
which at a first glance appears to be contradictory. However,
rather than changes in CD62L expression itself, we assume that
the observed changes on total T cells and CD8⫹ T cells reflect
a preferential extravasation of lymphocytes expressing high
CD62L levels following cortisol infusion, which consequently

results in a relative increase in numbers of CD62L⫺ or
CD62Llow T cells that remain in the blood. The mean expression of CD62L when considering CD62L⫹ and CD62L⫺
subsets all together therefore appears reduced. This view is
corroborated by our findings that hydrocortisone and mifepristone administered in vitro (where cells cannot “extravasate”)
left expression of CD62L for total T cells, CD8⫹ T cells or for
any of the T cell subsets entirely unaffected. Thus, on the
backdrop of those previous studies, our findings point to the
importance of analyzing defined subpopulations when assessing the impact of glucocorticoids on the expression of molecules that are differentially expressed on T cell subsets (7).
Hydrocortisone also did not affect CCR7 expression, which
is in line with a previous in vitro experiment on total CD4⫹ and
CD8⫹ T cells (32). One animal experiment demonstrated that,
following glucocorticoid treatment, T cells still pass between
the endothelial cells of HEV in lymph nodes but then accumulate on the vascular side of the basement membrane without
penetrating it (11). Thus, cortisol might act at a later step in the
migratory cascade rather than on the expression of CD62L,
which is important for the tethering and rolling of leukocytes at
endothelial walls, or of CCR7, which activates integrins to
induce firm adhesion of T cells to the endothelium. Additionally, with respect to lymph node traffic, it is still a matter of
debate whether cortisol acts directly on T cells or on the
endothelium (9, 11, 36). Thus, further studies on this topic are
clearly warranted.
To sum, we show that cortisol at physiological levels increases CXCR4 expression on all investigated T cell subsets,
which, however, affects extravasation of cells in a subsetspecific manner, with naive T cells being the most sensitive.
Furthermore, the impaired lymph node homing following cortisol is not due to acute changes in CD62L and CCR7 levels,
and contradictory results of former studies might have been
confounded by differential depletion of distinct T cell subsets.
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