
Arq Neuropsiquiatr 2003;61(1):20-24

STRESS REGULATES THE LYMPHOCYTE HOMING
RECEPTOR CD62L (L-SELECTIN)

Gisele Gus Manfro1,2, Carlos Alexandre Netto¹, Mark Pollack²,
Kelin Maggioni Mezzomo³, Frederic Preffer², Richard Kradin²

ABSTRACT - Based on a previous study showing that panic disorder patients had increased expression of naïve
phenotype lymphocytes (CD45RA+ and CD62L+), increased plasma cortisol, as well as decreased interleukin-
2 (IL-2) producion, we hypothesized that changes in the percentage of expression of these lymphocyte surface
molecules could be related to the substances released by the hypothalamic-pituitary-adrenal (HPA) axis and
possibly associated to panic disorder (cortisol, IL-2, serotonin and epinephrine). In order to study the altered
expression, blood mononuclear cells of normal volunteers were stimulated with mitogen, in the presence of
dexamethasone, IL-2, serotonin and epinephrin. CD62L is decreased by IL-2 in vitro. Serotonin and epinephrine
did not promote changes in the expression of these surface molecules. The results of the ex vivo study are in
agreement with a previous clinical study with panic patients. It could be suggested that stress is responsible
for certain immunologic dysfunctions and new studies should be conducted.
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Regulação do receptor de alojamento linfocitário CD62L (LRegulação do receptor de alojamento linfocitário CD62L (LRegulação do receptor de alojamento linfocitário CD62L (LRegulação do receptor de alojamento linfocitário CD62L (LRegulação do receptor de alojamento linfocitário CD62L (L-selectina) pelo estresse-selectina) pelo estresse-selectina) pelo estresse-selectina) pelo estresse-selectina) pelo estresse

RESUMO - Baseado em estudo prévio que demonstrou que os pacientes com transtorno do pânico apresentavam
aumento na porcentagem de expressão de linfócitos com fenótipo virgem (CD45RA+ e CD62L+), aumento
no cortisol plasmático, assim como diminuição na produção de interleucinas, foi sugerido que as alterações
na porcentagem de expressão dessas moléculas de superfície dos linfócitos poderia estar relacionada com a
liberação de substâncias pelo eixo hipotálamo-hipófise-adrenal (HHA) e possivelmente associada ao transtorno
do pânico (cortisol, IL-2, serotonina e epinefrina). Com o objetivo de estudar essas alterações, células
mononucleares do sangue periférico de voluntários normais foram estimuladas com mitógeno, na presença
de dexametasona, IL-2, serotonina e epinefrina. A expressão de CD62L “in vitro” é diminuida com IL-2. Serotonina
e epinefrina não promovem alterações na expressão dessas moléculas de superfície. Os resultados desse
estudo “in vitro” estão de acordo com o estudo clínico prévio com pacientes com transtorno do pânico. Pode-
se sugerir que o estresse é responsável por algumas disfunções imunológicas e novos estudos devem ser
delineados para testar essa hipótese.

PALAVRAS-CHAVE: corticosteróides, interleucina-2, migração linfocitária, moléculas de adesão, transtorno do pânico.
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The importance of the interactions between the
nervous and the immune system has been the subject
of a number of critical reviews1. These interactions
are expressed in many disorders and there is an
ongoing literature suggesting abnormalities of the
immune function in mentally ill patients, including
panic disorder. Patients with panic disorder suffer
from recurrent and frequently disabling panic
attacks, as well as anticipatory anxiety accompanied
by catastrophic cognitions and physiological changes
that resemble a “fight or flight” response2. Panic

attacks are accompanied by activation of the
autonomic nervous system and the hypothalamic-
pituitary-adrenal (HPA) axis2,3. Changes in the
activation of the immune system can be observed
as a consequence of the effects of neuroendocrine
mediators generated during panic anxiety4. Women
with panic disorder showed increased serum levels
of soluble interleukin-2 receptors (IL-2R) and
increased natural killer (NK) activities5,6. However,
these findings are not supported by other reports
that have demonstrated normal or diminished im-
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mune function in panic disorder patient7,8. Panic
disorder is also associated to changes in serotonergic
and adrenergic system. Many clinical trials have
shown the efficacy of serotonergic reuptake inhibitor
in the treatment of panic disorder, suggesting that
this neurotransmitter is associated to panic disorder9.
Lines of investigation also suggest that the central
noradrenergic system might be “hiperactive” in panic
disorders patients as demonstrated by sudies with
the alpha-2 receptor10.

T-lymphocytes are motile cells that normally mi-
grate between organized lymphoid tissues, the cir-
culating blood and peripheral non-lymphoid organs,
reflecting highly specific adhesive interactions of
receptor-ligand pairs on lymphocytes and vessel
walls11. CD62L is one of a family of adhesive pro-
teins designated as “selectins”. It is present on the
surface membrane of all leukocytes, where it plays a
critical role in the early weak adhesive “rolling” inte-
ractions between white cells and vascular wall11. L-
selectin mediates homing of naïve T-lymphocytes
(CD45RA+) to the high endothelial venules of peri-
pheral lymph nodes and serve as the primary site of
binding for circulating lymphocytes into organized
peripheral lymphoid tissues12.

We have recently demonstrated that panic disor-
der patients showed enrichment for naïve T lympho-
cytes (CD45RA) and increased expression of CD62L
compared to controls, as well as increased plasma
cortisol13. The aim of this study is to evaluate if peri-
pheral blood lymphocytes of normal volunteers alte-
red their surface membrane expression of molecules
that characterize the homing and activation of the
T-cells in the presence of substances related to stress
in order to investigate if these substances could be
involved in the phenotypic changes in L-selectins
expression noticed in the previous clinical study.

METHOD
Peripheral blood was drawn by venipuncture into

tubes with acid citrate dextrose from normal volun-
teers who did not meet any diagnosis for major
psychiatric disorder and were medically healthy and
medication free. The study protocol was approved
by the Human Studies Committee of the Massachu-
setts General Hospital.

The blood mononuclear cells were purified on a
Ficoll-Hypaque density gradient and stained with a
panel of fluorescein isothiocyanate conjugated anti-
bodies (FITC): anti-CD25 (anti-IL-2R)14, anti-CD45RO
(DAKO-UCHL-1), anti-CD45RA (anti-Leu 18), anti-
CD62L (anti-Leu 8)15 and phycoerithrin conjugated
antibody (PE): anti-CD316 for 30 minutes at 4°C. After

the staining, cells were washed twice in phosphate
buffered saline (PBS), pH 7.3 and fixed in 2% para-
formaldehyde for 5 minutes. Subsequent analysis
was performed in a FACS 440 cytofluorimeter (Becton
Dickinson, Mountain View, Ca). The forward scatter
(FCS) and side light scatter (SSC) characteristics were
used to eletronically gate the lymphocyte population.

Mononuclear cells (6 x 106 cells) were divided into
4 groups (1.5 x 106 cells in each one) and stimulated
with phytohemagglutinin (PHA, 5ug/ml) in RPMI
1640 supplemented with 10% fetal calf serum, 1M
Hepes, 2mM/L glutamine (all from GIBCO) and 10mg/
ml gentamicine (SIGMA) in the presence of dexame-
thasone (10-6 M, SIGMA), IL-2 (100 Cetus Unit), epine-
phrine 10-7 M and serotonin 10-4 M for up to 10 days
in a humidified chamber with 95% air and 5% carbon
dioxide. The doses of dexamethasone, epinephrine
and serotonin were based on the literature17 and
previous experiment done in our laboratory and
represent the increase of cortisol generated during
stress and the adrenergic stress respectively17,18. Cells
were subsequently harvested at 3 day intervals, wa-
shed and stained with the same FITC and PE conju-
gated monoclonal antibodies that react with the
selected cell surface antigen.

Data were analysed by one way Analysis of Va-
riance, ANOVA, followed by the Duncan multiple ran-
ge test when indicated, using a statistical package,
SPSS version 6.0, for windows platform run in PC-
compatible personal computer.

RESULTS
After 3 days of PHA stimulation, an increased

expression of CD 25 was observed. As predicted, cells
that were cultured in the presence of IL-2 showed incre-
ased expression of the IL-2 receptor at days 3 (F=45.75;
p<0.001), 6 (F=224.19; p<0.0001) and 9 (F=6,66;
p<0.01). The addition of dexamethasone produced
downregulation of CD25 expression (F=45.75;
p<0.0001), but not in the presence or IL-2. (Fig 1).

The results demonstrated that 3 days after treat-
ment with IL-2 there was diminished expression of
the percentage of the surface molecule CD62L
(F=5.17; p<0.01). Such effect was sustained during
the ten days of the experiment (F=13.58; p<0.001
at day 6 and F=21.44; p<0.0001 at day 9). Cells
stimulated with PHA and cultured with dexametha-
sone showed no significant changes in the expression
of this molecule (Fig 2).

After 3 days in culture with dexamethasone or IL-
2, cells showed no changes in the percentage of ex-
pression of CD45RA (F=0.10; p>0.05). By day 6, cells
stimulated with PHA in the presence of IL-2 showed
diminished CD45RA expression (F=4.98; p<0.01).
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The addition of IL-2 to the cultured of cells stimu-
lated with PHA produced no modification in the ex-
pression of CD45RO, the memory T cells, at day 3
(F=1.24; p>0.05) and at day 6 (F=1.74; p>0.05).
By day 9, on the other hand, cells stimulated with
PHA and cultured with IL-2, showed increased ex-
pression of CD45RO (F=5.19; p<0.01). The addition
of dexamethasone to the culture of cells stimulated
with PHA produced no changes in the expression of
the isoforms CD45RA and CD45RO.

Interestingly, the addition of epinephrine and se-
rotonin did not change the expression of the mole-
cules studied (CD25, CD62L, CD45RA and CD45RO).
Also, they did not interfere with the changes in the

expression of these molecules, promoted by IL-2, sug-
gesting that these amines are probably not involved
on the expression of CD25, CD45RA, CD45RO and
CD62L observed in the experiment.

DISCUSSION

The aim of this study was to evaluate the effects
of dexamethasone, IL-2, serotonin and epinephrine
(substances that have been associated to panic
disorder and to the HPA axis) on the expression of
lymphocytes surface molecules expression (CD25,
CD45RA, CD45RO, CD62L). Based upon the results
of a previous clinical study demonstrating that panic
disorder patients showed increased expression of

Fig 1. Surface membrane expression of CD 25 (IL-2R). Peripheral blood lymphocytes were activated with
PHA (5mg/ml) and cultured in the presence of 100 units of human recombinant IL-2, dexamethasone
(Dexa: 10-6 M). Cells were harvested at intervals up to day 10 and examined after immunostaining for
membrane expression of CD25. *p<0.0001; **p<0.01 as compared to the control group.

Fig 2. Surface membrane expression of CD 62L (L selectin). Peripheral blood lymphocytes were activated
with PHA (5mg/ml) and cultured in the presence of 100 units of human recombinant IL-2, dexamethasone
(Dexa: 10-6 M). Cells were harvested at intervals up to day 10 and examined after immunostaining for
membrane expression of CD 62L. *p<0.001; **p<0.0001 as compared to the controls group.
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CD62L+ and CD45RA+ lymphocytes as compared
to controls13, we studied the expression of these
surface lymphocytes molecules “in vitro”.

Cells that were stimulated with PHA in the
presence of IL-2 showed differences in the expression
of CD25 and CD62L at day 3, but the changes in the
expession of CD45RA and CD45RO could only be
observed later, at days 6 and 9. This happens because
the expression of CD25 (IL-2 receptor) increased soon
after the lymphocytes were stimulates with PHA once
small concentrations of IL-2 are enough for DNA syn-
thesis and for stimulating cell cicle development19.
Steroids such as dexamethasone could inhibit IL-2
secretion20, but also lead to cell death by apoptosis21,
and this could explain why the diminished expression
of CD25 after stimulation with dexamethasone
occurred only at day 3 and no changes were observed
at days 6 and 9.

Cells that were stimulated in the presence of IL-2
showed decreased expression of CD62L. Once the
lymphocytes were activated, they lose the expression
of L-selectin, the adhesion molecule that is present
in naïve lymphocytes responsible for their migration
to lymphonodes11. The lost of L-selectin is accom-
panied by the increased expression of other integrins
such as LFA-1 and α1β2 that make the memory lym-
phocytes migrate to the target-organs11. This change
in the L-selectin surface molecules is inversely related
to the expression of CD25 (IL-2R). As it was described
before, changes in the expession of CD45RA and
CD45RO could be observed at days 6 and 9. It is
known that activated T-cell lose the expression of
CD45RA very slowly and those T-cells could present
both isophorm (CD45RA and CD45RO) at the same
time22. At day 6, cells stimulated with IL-2 showed
decreased of CD45RA and at day 9 they increased
the expession of the isomorph CD45RO.

However, other substances implicated in the HPA
axis, as the amines serotonin and epinephrine, could
not change the expression of these studied surface
molecule in cells stimulated with PHA. This result is
consistent with previous studies showing that
vasoconstrictor such as epinephrine has no influence
on adhesion molecule expression23. On the other
hand, some studies suggested that adrenergic stress
results in compartmental redistribution of T-lympho-
cytes in vivo24. It is also known that epinephrine could
be responsible for immunosuppression and inhibition
of lymphocyte activation once it can increase cortisol
production25. Firing of neurons in the locus ceruleus
leads to the activation of nerve cells in the paraven-
tricular nucleus of the hypothalamus that secrete

corticotropin-releasing hormone (CRH). This yields
the release of ACTH by pituitary corticotrophs and
subsequent corticosteroid production by the adrenal
cortex24. Subsequently changes in the adhesion
molecules could be observed. Even though epineph-
rine can be associated with decreased lymphocyte
activation, in the present study, no changes in the
expression of CD62L and CD45RA could be observed
with the addition of this amine.

There is paucity of data addressing the relation-
ship of serotonin and lymphocyte migration in the
literature. The study of Yamaki et al. suggests that
serotonin was less active than exogenous histamine
in evoking venular polimorphonuclear leukocyte
accumulation26. Our data suggest that the regulation
of CD45RA and CD62L is not related to the presence
of serotonin or epinephrine, but depends on other
mechanisms, such as the presence of IL-2 and the
expression of IL-2R.

The present study has some limitations that
should be aknowledged. Firstly, in vitro measures of
immune function with the cultured cells were not
performed, so there are no data related to prolife-
ration lymphocyte. Also unstimulated cells were not
analysed and the effects on the adhesion molecules
could be related to the activation status of the cells.

Our data suggest that IL-2 is involved in down-
regulation of L-selectin. Even though this result is in
agreement with our previous clinical study, we could
not demonstrate that other components involved in
panic disorder as epinephrine and serotonin are res-
ponsible for the changes observed in lymphocyte
phenotype expression. It is suggested that the in-
creased expression of CD62L and CD45RA lympho-
cytes in patients with panic disorder compared to
controls are related to decrease cellular activation
(demonstrated by decreased IL-2 production). As
corticosteroids are potent inhibitors of IL-2 produc-
tion, increased levels of cortisol in vivo could lead to
diminished IL-2 production into memory lymphocytes
following sensitization in vivo. The lymphocytes from
panic patients could be less able to produce cytokines
because these patients showed increased plasma
cortisol (potent IL-2 production inhibitor)19 as it was
demonstrated in the previous study. Cortisol could
also drive peripheral blood activated lymphocytes
to cell death by apoptosis. This model demonstrated
that there is an interaction between the nervous and
the immune system, but future research should be
addressed to study the effects of neurotransmitters,
immune system and some hormones in psychiatric
disorders.
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