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Atopic dermatitis (AD) is a disease of increasing incidence among
paediatric patients. Among the factors involved in its pathogenesis is the
alteration of the immune response, and so the objective of this study
was to evaluate the involvement of certain neuroendocrine factors with
immune properties in the development of the disease. Fifty-five subjects
were selected and divided into the following three groups: healthy
subjects, those diagnosed with symptomatic AD and those with
asymptomatic AD. Plasma levels of melatonin and B-endorphins were
measured by radioimmunoassay, in serum samples obtained at 9 Am
and 9 pM, with two samples being obtained from each of the patients
and controls. In the phases of AD outbreaks, there is a reduction in the
serum levels of both melatonin and B-endorphin. In the case of mela-
tonin, the difference is statistically significant only during the day,
although nocturnal levels are greater for both hormones. In AD, a
central neuroendocrine dysfunction may be a primary pathogenic event.
Our hypothesis is that the physiological nocturnal peak of melatonin
due to pineal gland production may mask the decline of melatonin of
possibly extrapineal (immunological) origin during episodes of derma-
titis outbreaks. Further studies are required, particularly of neuroveg-
etative and hormonal aspects, to better define this process. Such a
definition would also be of therapeutic interest.

Atopic dermatitis (AD) is the cutaneous expres-
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(climatic, environmental,

sion of a disorder known as atopia, a term that
was introduced in 1923 to designate a group of
complaints, such as asthma and hay fever, that
arise spontaneously in individuals with a family
history of predisposition to the disease. These
problems mainly start during the first years of
life, with up to 90% of cases first appearing
before the age of 5 yr (1, 2).

Although the causes of AD are as yet unex-
plained, various factors are known to influence
the appearance of the disease and its symptoms;
these include constitutional factors (genetic,
immunological, etc.) that are affected by other

psychological, etc.; 2, 3).

Among the factors involved in the develop-
ment of the disease is the malfunctioning of the
immune response among the subjects affected.
AD is an inflammatory, immunologically medi-
ated skin disease of biphasic evolution, provoked
by the dysregulation of Thl/Th2 immune
responses, which results in increased immuno-
globulin (Ig) E production. The acute phase of
AD is characterized by a T-helper type 2 cell-
predominant phenotype (partly because of the
enhanced apoptosis of Thl cells), reflected in the
increased frequency of allergen-specific T cells
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producing interleukin (IL)-4, -5 and -13, and by a
decrease in interferon (IFN)-c-producing T cells.
IL-4 is involved in IgE isotype switching, while
IL-5 attracts eosinophils and prolongs their
survival, which may result in the peripheral
blood eosinophilia and increased IgE serum
levels observable in many AD patients (4). The
T-helper type 1 cell phenotype predominates
during the chronic eczematous phase (5, 6).
Circulating IL-16 (natural ligand levels of CD4;
7) and the concentration of soluble CD30 (8) are
significantly higher in patients with AD, and IL-
16 decreases significantly after topical treatment
with corticosteroids or tacrolimus.

The goal of the present study was to contribute
to our knowledge of the factors involved in the
pathogenesis of the disease, in the area termed by
Ader as Psycho-neuro-immunology (9, 10), a new
discipline that studies the close links between the
immune and the nervous systems. Melatonin
provides a homeostatic link between the brain
and the immune system. Both membrane and
nuclear melatonin receptors are present in
lymphocytes, and it has recently been shown
that exogenous melatonin can counteract the
inhibitory effect of prostaglandin E, (PGE,) on
IL-2 production via its aMT1 membrane recep-
tors (11). Furthermore, there is evidence that
melatonin, via nuclear receptors, is mainly
responsible for most of its immune effects (12).
Melatonin has specific high affinity-binding sites
on both Thl and Th2 helper cells. The present
study examines the role played by two neuroen-
docrine mediators (melatonin and B-endorphin),
which share immunological properties, in the
development of the disease.

Materials and methods

Fifty-five children were selected and studied. The
subjects were aged between 4 months and 5 yr,
with an average age of 2 yr and 7 months. Of
these children, 31 (56.36%) were girls and 24
(43.64%) were boys (Table 1). Prior informed
consent was obtained from the parents for this
study, carried out at the Paediatrics Service of the
Hospital Ciudad de Jaén on subjects referred to
the Emergency Department at this hospital from
Health Centres in the region and from other
hospitals in the same province.

The patients were divided into the following
three groups: group A, the control group, made
up of 15 healthy children; group B, comprising
20 children with AD, who at the time of the
study were suffering a severe attack and group
C, with another 20 children, who at the time of
the study were in an asymptomatic, stable phase
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Table 1. Descriptive statistic of age and somatometric characteristics of the
subjects included in the study, classified by group and gender

Group Sex Mean s.d. Min. Max.

A Male (n = 5) Age 40.4 18.2 1 58
Weight 14.6 24 105 17.0

Height 95.2 12.1 75 105

Female (n = 10) Age 36.1 17.3 7 60
Weight 149 37 8.0 21.0

Height 94.6 143 70 110

B Male (n = 7) Age 220 10.8 13 44
Weight 1.7 25 9.9 17.0

Height 82.4 86 74 100

Age 29.8 19.3 6 60
Weight 134 55 6.7 235

Height 89.7 17.1 64 118

Female (n = 13)

C Male (n = 12) Age 32.2 196 4 66
Weight 13.7 39 7 18.5

Height 905 15.5 62 112

Female (n = 8) Age 36.2 211 2 63
Weight 15.2 4.6 101 235

Height 96.2 113 80 110

Age (months); weight (kg); height (cm).
s.d., standard deviation; min., minimum value; max., maximum value.

of the disease. For inclusion in groups B or C,
we used the earlier defined criteria for atopy
(13), plus the previous appearance of two severe
outbreaks.

Two blood samples were taken from each of
the children in order to evaluate the secretion of
melatonin and B-endorphins, at 9 AM and 9 PMm.
We also performed a complete haemogram and a
study of cellular immunity and recorded total
and specific levels of IgE against alimentary and
environmental allergens, in the sample taken at
9 AMm.

In every case, a somatometric evaluation was
obtained, and a questionnaire completed on the
personal and family background. The latter
information was both general and specific with
regard to different kinds of allergic complaints.

Plasma pB-endorphins and melatonin levels
were analysed by radioimmunoassay (RIA).
Plasma melatonin levels were measured in dupli-
cate using a commercial RIA kit (WHB, Brom-
ma, Sweden). In the control samples, the
intra-assay and inter-assay coefficients of vari-
ation for melatonin RIA were 11.3% and 16.3%,
respectively. The recovery of added melatonin
was 84%, and the sensitivity of the assay was
5 pg/ml. Plasma melatonin levels were meas-
ured in duplicate using a commercial antibody
gStockgrand Ltd, Guildford, Surrey, UK) and

»I-melatonin as a tracer (DuPont NEN, Bos-
ton, MA). The protocol used in melatonin RIA
was that provided by the antibody manufacturer.
The intra-assay and inter-assay coefficients of
variation for melatonin RIA were 9.6% and
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Table 2. Mean and standard deviation for the haematological and immunological parameters considered in each one of the groups

Group B (X + s.d.) Group C (X + s.d.)

Variable Group A (X £ s.d.)
Total leucocytes™ 9768 + 2543
Haemoglobinf 12173 £ 1.22
Thrombocytes™® 357,067 + 86,399
Neutrophils$ 44.44 +16.12
Monocytes} 589 + 1.84
Eosinophilsy: 2.85 + 257
Basophilsi 0.58 £ 0.17
Luct 1562 +1.25
Total lymphocytes™ 4287 + 680

T lymphocytes (CD2)* 3937 + 882

B lymphocytes (CD19)* 510 + 132
Helper lymphocytes (CD4)* 961 + 419
Lymphocytes T8 (CD8)* 918 + 412
NK lymphacytes (CD56)* 433 + 182
T4/T8 index 128 £0.18
Total IgE8 26.28 + 11.85

10,437 + 4569 9355 + 2501
1271 £1.35 12.49 + 0.876
256,150 + 54,449 247,000 + 64,343
31.9 £ 11.60 36.33 + 10.91
5.37 + 1.99 6.92 +2.93
4.155 + 3.33 5405 + 459
0.52 £ 0.52 0.68 + 0.49
1.59 +1.84 225+ 1.71
5021 + 2126 5158 + 2060
3261 + 1295 3694 + 1416
943 + 836 1116 + 565
189 + 935 2140 + 801
0961 + 477 947 + 407
213+ 112 193 £ 120
2.15+0.79 268 £1.11

239.38 + 374.42 529.84 + 866.86

Units: *10% cells x ul; tg/dl; tpercentage; §IU/ml (international units/ml);
Values are expressed as median + standard deviation (X + s.d.).

13.2%, respectively. The recovery of added
melatonin was 87% and the sensitivity of the
assay was 2.5 pg/ml.

Immunoglobulin E was evaluated according to
the STRATUS (fluorometric enzyme immuno-
analysis) method, which enables IgE to be
analysed with a sensitivity of 2-100 IU/ml. The
first result was obtained after 8 min, and the rest
were obtained at 1-min intervals.

Lymphocyte populations were quantified by
means of a haematological analyser, which provi-
ded values for leucocytes, lymphocytes, neutroph-
ils and monocytes in the peripheral blood.
Cytofluorimetry (Coulter, Excel, Hialeah, FL)
was used to evaluate the following lymphocyte
subpopulations: B, T, CD2, CD4, CDS8 and cells
with natural killer activity, with the following
monoclonal antibodies, respectively, being used
foridentification: B4,CD11,CD4,CD8 and CD56.

Statistical analysis of the melatonin and
B-endorphin was performed by a two-way analysis
of variance using group (A, B, C) and time of
sample (9 AM, 9 PM) as the two factors, being as the
distribution of both melatonin and B-endorphin
variables fit criteria of normality (Shapiro and
Willis test). Bonferroni test was used for post hoc
comparisons. spss for Windows, version 14 (SPSS
Inc., 1989-2005, Chicago, IL, USA) was used for
data entry and statistical analysis.

Results

Table 2 shows the median and standard devi-

ation of the variables and groups evaluated.
Variance analysis was applied to the results

obtained to distinguish between the mean values

of the three different populations, i.e. the healthy
children, those suffering an attack of AD and
those suffering the disease but at present in a
stable phase, with no symptoms. For the varia-
bles with p < 0.05 the differences between the
mean values were established by applying the
Bonferroni test and taking into account, among
other aspects, the unequal sizes of the groups.
The most significant of the main variables in the
study are described below.

Melatonin

The measurement of the levels of N-acetyl-
S5-metoxy-tryptamine (Fig. 1) is one of the most
interesting aspects of this study. ANOvVA analysis
showed significant changes for melatonin as
function of both factors, with F-value of 15.42
(p < 0.001) for comparisons between ‘groups’
and 56.52 (p < 0.001) for ‘time of sample’ factor.
The greater melatonin values was observed in
group A (control): 30.46 + 7.32; 43.53 +
11.98 pg/ml; at 09:00 and 21:00 hours, respec-
tively), and the lowest in group B (11.68 £ 7.62
and 34.45 + 15.958 at 09:00 and 21:00 hours,
respectively), with significant differences (Bon-
ferroni test) between group A vs. group B
(p < 0.001) and between B and C groups
(p < 0.001) although of a smaller magnitude.
No significant differences were observed between
A and C groups.

-Endorphin

B-Endorphin seem to be the peripheral effectors
of melatonin. ANOVA analysis revealed for
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Time
Day Night

Melatomnin
z

Group
Fig. 1. Day/night oscillation (paired data) of melatonin

levels among the three study groups.

Time
Day Night

pB-Endorphin

Group

Fig. 2. Day/night oscillation (paired data) of B-endorphins
levels among the three study groups.

B-endorphin similar behaviour to melatonin,
with statistically significant differences for both
factors, with an F-value of 21,993 (p < 0.001)
and 14,146 (p < 0.001) for ‘groups’ and ‘time of
sample’ factors, respectively.

The greater B-endorphin values (Fig. 2) was
observed in group A (control: 45.33 £ 9.81;
52.0 £ 15.33 pg/ml; at 09:00 and 21:00 hours,
respectively), and the lowest in group B
(26.24 £ 17.65 and 31.18 £ 17.65 at 09:00 and
21:00 hours, respectively). Bonferroni analysis
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showed these results to be due, fundamentally,
to the lower values among the children suffering
from an attack of AD (group B) in relation with
the control group (A, p < 0.001); and between
groups B and C (p < 0.001). The values in the
control group and in that of the stable phase of
AD were very similar.

Discussion

Atopic dermatitis is an inflammatory skin disease
which has been the subject of important studies
describing its incidence, pathogenesis and treat-
ment (13-16).

Clinical symptoms are varied and change over
time; the main signs are pruritis and prurigo, the
lichenification of lesions and eczema, but other,
less characteristic lesions have also been des-
cribed, although these are not accepted by all
authors. Diagnosis is basically clinical, and the
criteria of Hanifin and Rajka (13) are generally
taken to be valid.

Psychoneuroimmunology studies have shown
that two major neuroendocrine systems exert a
physiological neuroimmunomodulatory function,
consisting of the pineal gland and the brain opioid
system, provided by immunostimulatory and
immunosuppressive effects, respectively. Addi-
tionally, there is a well-known relation between
the immune and the endocrine systems, by which
hormonal factors and neurotransmitters affect the
immune system in various ways. The most inter-
esting aspects of the present study are melatonin
and its peripheral effectors, the B-endorphins, and
the possible differences between their levels in
healthy children and in those with AD.

Melatonin (N-acetyl-5-methoxytryptamine or
aMT) has been the object of various studies in
recent years, although very little has been pub-
lished concerning the effects of this neurohormone
on subjects of paediatric age (17-19). The major
source of the hormone is the pineal gland and its
biosynthesis is regulated by sympathetic nervous
signals (noradrenaline) that generate a circadian
rhythm synchronized with the hours of daylight
(20). The peak production of melatonin occurs
during the hours of darkness, with acrophase at
3 AM, while daylight periods are associated with
lower levels of melatonin production. As a whole,
melatonin is considered to contribute to regulating
the sleep—waking cycle and other biological
rhythms, gonadal development, and to play an
antioxidant, oncostatic, antiageing and immune-
modulator role (21). Physiologically, the noctur-
nal melatonin peak has been associated with a high
IFN-y/IL-10 ratio, i.e. the melatonin rhythm
correlated with the rhythmicity in the Th1/Th2



ratio (22); moreover, pinealectomy inhibits IL-2
production and natural killer cell activity (23).
Early nocturnal sleep induces a shift in the Thl/
Th2 cytokine balance towards increased Thl
activity, which is replaced by a more pronounced
Th2 dominance during late sleep (24).

T-helper cells express G-protein-coupled cell
membrane melatonin receptors and melatonin
nuclear receptors (25), by which the hormone
enhances the release of T-helper cell type 1 (Thl)
cytokines, y-interferon (y-IFN), IL-2, IL-6 and
IL-12 (26, 27) production by two human lympho-
cytic and monocytic cell lines (12). Additionally,
human lymphocyte-synthesized melatonin is
involved in the regulation of the IL-2/IL-2
receptor system (28), supporting the notion that
endogenous melatonin synthesized by human T
cells may contribute to the regulation of its own
IL-2 production (29) and the possibility that the
biological activity of IL-2 may be amplified by
pineal indoles. Furthermore, the blockade of the
brain’s opioid system by a long-acting opioid
antagonist, naltrexone, may improve the anti-
cancer effects of IL-2 in humans (30).

Both resting and stimulated human lympho-
cytes synthesize and release large amounts of
melatonin, several times greater than the noctur-
nal physiological levels in human serum (31).
Blocking the lymphocyte machinery required for
its biosynthesis produces a significant reduction
in melatonin release, and a decrease in IL-2
production, which is restored by adding exogen-
ous melatonin (32). Consequently, in addition to
pineal gland-derived melatonin, human lym-
phoid cells may be an important physiological
source of melatonin. That source of this hormone
could also be involved in the regulation of the
human immune system, possibly by acting as an
intracrine, autocrine and/or paracrine substance
(31). Melatonin appears to regulate the prolifer-
ative and maturational stages of virtually all
haemopoietic and immune cell lineages involved
in host defence, not only NK cells, but also T and
B lymphocytes, granulocytes and monocytes
(33). The participation of melatonin in the
pathogenesis of AD may be better determined
by measuring its concentration in the super-
natants of lymphocyte cultures from different
groups of patients.

Additionally, the anti-inflammatory properties
of melatonin and its metabolites (kynuramines)
have been demonstrated in experimental models
(34-36).

Given the possibility that melatonin might act
by neuroendocrine mechanisms that are different
from those commonly accepted, we took into
consideration the endogenous opioid system

Neuroendocrine and circadian aspects of atopic dermatitis

(EOS). The reason for this was partly that
melatonin may have analgesic and anticonvul-
sant effects (36-38), and also because EOS is
recognized to play an important, although as yet
insufficiently understood, role as an immuno-
regulator (39). Moreover, a relation between
melatonin and EOS in humans has been estab-
lished (40, 41). Experiments with mice have
demonstrated the activation of the EOS system
by melatonin (42). These findings complement
our own results, as shown by the high degree of
correlation between aMT and B-endorphins. The
relevance of this relation is highlighted by our
study of what happens during an attack of AD.
At this point, it is useful to note the role of
melatonin and endorphins in the body’s response
to stress (17, 40, 43, 44). It has been suggested
that the latter have negative effects on an
organism that is dependent on an exhausted
EOS (45). Another study carried out by our
group evaluated the aMT-B-endorphin ratio
before and after a hyposensitizing protocol. The
conclusion was that immunotherapy should
incorporate mechanisms that are capable of
altering not only the response, but also the level
of relations between these two peripheral medi-
ators (46).

As melatonin seems to act via the EOS, in
theory it should be possible to reproduce its
effects with known opiatergic peptides. To
investigate this, the pharmacological effects of
aMT have been compared with those of certain
endorphins (47, 48). On the basis of the findings,
two hypotheses have been proposed that: (i)
melatonin may stimulate the production of
opiatergic agonists by activated immunocom-
petent cells; (ii)) melatonin may influence the
expression or the binding affinity of opiatergic
receptors, in an analogous way to its reported
action on oestrogen receptors (49). The former
hypothesis seems more likely to be correct and, in
fact, it has been corroborated that aMT may
induce the secretion of opiatergic receptors by
immunocompetent cells.

It is still not possible to give a precise descrip-
tion of the mechanism that relates cutaneous
manifestations of AD with the type of neuroen-
docrine response found. Nevertheless, the follow-
ing may be of interest: during a cutaneous crisis, a
certain degree of stress is provoked, and the
neuroendocrine response is different from what
would be expected under normal circumstances,
and so the normal relationship between aMT and
B-endorphins, in healthy children, is altered.
Taking the above into account, and after analy-
sing previously published findings, it is evident
that the pineal gland participates in the regulation
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of the immune response via the rhythmic, circa-
dian production of aMT, which in turn possesses
immunomodulating and antistress properties. It
seems reasonable to suggest that melatonin works
through a common mechanism, either at the
central level on the neuroendocrine system, or
peripherally on the immune system, to optimize
the homeostatic efficiency of the neuroendocrine
network.

With regard to the rhythmic hormonal secre-
tion in patients with AD, studies have shown that
in certain isolated cases the circadian production
of melatonin is lost (50). In this study, on the
basis of only two samples from each patient (this
limitation being imposed by ethical reasons), we
were unable to determine whether the circadian
rhythms of melatonin and/or B-endorphin are
altered. Nevertheless, the present study reveals
that during an attack of AD (group B). there
occurs a diminution in aMT, which is more
marked during daylight hours. On the other
hand, when the crisis has passed, the tendency is
towards normalization, such that near-normal
values are found among the subjects in group C.
These data coincide with the findings of Schwarz
et al. (50), who described a lower average level of
circulating melatonin in individuals with AD,
although the latter study was based on patients
who were not of paediatric age.

To explain the above-described fall in levels of
circulating melatonin in individuals with AD, we
should also take into account the neurobio-
chemical mechanism that the cell implements to
produce melatonin. During the daylight hours,
conduction through the retina-suprachiasmatic
nucleus-superior cervical ganglion-pinealocyte
pathway is inhibited, and the circulating levels
probably arise from an extrapineal source (51).
Moreover, it has been shown that the number of
B-receptors in the pinealocyte membrane also
falls dramatically. During AD there is a marked
diminution in the numbers of these receptors
(52), which could partially explain the lower
levels of melatonin found during the night. This,
then, might be interpreted as a dysfunction of the
central nervous system, culminating in a disorder
of the vegetative nervous system, with the asso-
ciated dermatological manifestations.

Another aspect of undeniable interest is the
highly changeable psychic character shown by
children with AD, which has led to the for-
mulation of the so-called ‘indole-aminic theory’
of affective disorders, based on reduced levels
of 5-hydroxytryptamine (a direct precursor of
aMT). This fact has been observed both among
those suffering affective disorders and among
those with AD, as in both groups of patients,
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irrespective of other conditions, there exists an
evident link between psychic changeability, the
indole-aminic theory and reduced levels of mela-
tonin. Biological hypersensitivity to environmen-
tal stimuli is a fundamental feature of atopy.
There is growing evidence that psychological
stress, as a social pollutant, disrupts inflamma-
tion-related biological systems, which modulates
the hypersensitivity response. Once again, the
Th1-Th2 balance may be crucial to the inter-
pretation of quantitative differences in cytokine
expression in response to environmental stimuli-
like stress, which may overlap with those altered
by physical pollutants and toxicants (53). Rein-
forcmg the possible clinical utility of melatonin,
in one experimental model of stress-induced skm
disorders, chronic melatonin treatment reduced
the infiltration and activation of mast cells in the
dermis (54). The reduced daytime circulating
levels of melatonin in AD, as shown by the data
presented in our paper, may reflect the reduced
production of melatonin of extrapineal
(immunological) origin. If other studies confirm
our data, this deficiency may be restored by
melatonin treatment.

The above-described information led us to
consider the potential utility of melatonin in the
treatment of AD, in part due to the sedative and
general stabilizing properties of the hormone and
also because it may help restore the Thl/Th2
balance (27) for adequate immune system home-
ostasis. However, the correct therapeutic use of
melatonin should be based on a complete
understanding of its action mechanism. Melato-
nin may also act on T-helper type 2 cells (Th2); a
blndmg site for '**I-melatonin on these lympho-
cytes in the bone marrow has been identified (55).
Another point advising caution is that the
hormone may exert a proinflammatory action.
The nocturnal plasma concentration of melato-
nin in rheumatoid arthritis patients is higher than
in healthy controls, and their synovial macro-
phages express a specific binding site for melato-
nin with an increased production of IL-12 and
nitric oxide and may exert a disease-promoting
role in rheumatoid arthritis (32).

Schwarz et al. (50) remarked, furthermore, on
the fact that when individuals suffering AD were
treated with melatonin, the peripheral profile of
aMT was virtually unaffected.

All these considerations lead us to conclude
that within AD, the primary pathogenic nucleus
probably comprises a central neuroendocrine
disorder. Further studies are required, oriented
fundamentally towards neurovegetative and hor-
monal aspects, for better comprehension of the
process.



Acknowledgment

The authors thank Mr Glenn Harding for correcting the
English language.

References

1.

2.

10.

11.

13.

14.

15.

16.

17.

18.

19.

RAJKA G. Natural history and clinical manifestations of
atopic dermatitis. Clin Rev Allergy 1986: 4: 3-26.
LeEunG DY, BIEBer T. Atopic dermatitis. Lancet 2003:
361: 151-60.

. EiIGENMANN PA. Clinical features and diagnostic criteria

of atopic dermatitis in relation to age. Pediatr Allergy
Immunol 2001: 12 (Suppl. 14): 69-74.

. ArLam JP, BieBer T, Novak N. Recent highlights in the

pathophysiology of atopic eczema. Int Arch Allergy
Immunol 2005: 136: 191-7.

. Novak N, BIEBer T. The role of dendritic cell subtypes

in the pathophysiology of atopic dermatitis. J Am Acad
Dermatol 2005: 53: S171-6.

. ZpoLsek HA, JEnmaLM MC. Expression of the T-cell

markers CD2 and CD28 in healthy and atopic children
during the first 18 months of life. Pediatr Allergy
Immunol 2003: 14: 169-77.

. Masubpa K, Katon N, Oxupa F, KisHIMoTO S.

Increased levels of serum interleukin-16 in adult type
atopic dermatitis. Acta Derm Venereol 2003: 83: 249—
53.

. FoLsTER-HoLST R, HENSELER T, WEHDE J, et al. Soluble

CD30 plasma concentrations correlate with disease
activity in patients with atopic dermatitis. Acta Derm
Venereol 2002: 82: 245-8.

. ADER R. Psychoneuroimmunology. New York: Aca-

demic Press, 1991.

ADER R. Conditioned immunomodulation:
needs and directions. Brain Behav Immun 2003:
(Suppl. 1): S51-7.

CARRILLO-VICO A, GARcCIA-MAURINO S, CaLvo JR,
GUERRERO JM. Melatonin counteracts the inhibitory
effect of PGE2 on IL-2 production in human lympho-
cytes via its mt1 membrane receptor. FASEB J 2003: 17:
755-17.

research
17

. GARCIA-MAURINO S, Pozo D, CaLvo JR, GUERRERO

JM. Correlation between nuclear melatonin receptor
expression and enhanced cytokine production in human
lymphocytic and monocytic cell lines. J Pineal Res 2000:
29: 129-37.

HAaNIFIN JM. Atopic dermatitis in infants and children.
Pediatr Clin North Am 1991: 38: 763-89.

Erviort ST, HANIFIN JM. Lymphocyte response to
phytohemagglutinin in atopic dermatitis. Arch Derma-
tol 1979: 115: 1424-6.

PancoNEes E, HAuTMAN G. Aspectos Psicosomaticos de
la Dermatitis Atopica. Madrid: CEA ediciones, 1992.
ABrRAMOVITS W. Atopic dermatitis. J Am Acad Der-
matol 2005: 53: S86-93.

MuNoz-Hoyos A, RODRIGUEZ-CABEZAS T, MOLINA-
CARBALLO A, MARTINEZ-SEMPERE JJ, Ruiz-Cosano C,
AcuRNA-CAsTROVIEIO D. Melatonin concentration in the
umbilical artery and vein in human preterm and term
neonates and neonates with acute fetal distress. J Pineal
Res 1992: 13: 184-91.

RivkEES SA. Mechanisms and clinical significance of
circadian rhythms in children. Curr Opin Pediatr 2001:
13: 352-7.

MuNoz-Hoyos A, MOLINA-CARBALLO A, MOLINA FONT
JA, FERNANDEZ-GARCIiA JM, AcuNA-CASTROVIEIO D.

Neuroendocrine and circadian aspects of atopic dermatitis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Melatonina: Realidad actual y posibilidades futuras en
Pediatria. Jaén: Alcala Formacion, 2002.

WETTERBERG L. Melatonin in humans physiological and
clinical studies. J Neural Transm Suppl 1978: 13 (S):
289-310.

REITER RJ. Melatonin: clinical relevance. Best Pract Res
Clin Endocrinol Metab 2003: 17: 273-85.

PeTrROVSKY N, HARRISON LC. The chronobiology of
human cytokine production. Int Rev Immunol 1998: 16:
635-49.

DEL GoBso V, LiBr1 V, VILLANI N, CALIO R, Nistico G.
Pinealectomy inhibits interleukin-2 production and
natural killer activity in mice. Int J Immunopharmacol
1989: 11: 567-73.

Dimitrov S, LANGE T, TiekeN S, FEum HL, BorN J.
Sleep associated regulation of T helper 1/T helper 2
cytokine balance in humans. Brain Behav Immun 2004:
18: 341-8.

MagsTRONI GJ. The immunotherapeutic potential of
melatonin. Expert Opin Investig Drugs 2001: 10: 467—
76.

GARCIA-MAURINO S, GoNzALEZ-HABA MG, CaLvo JR,
et al. Melatonin enhances I1L-2, IL-6, and IFN-gamma
production by human circulating CD4+ cells: a poss-
ible nuclear receptor-mediated mechanism involving T
helper type 1 lymphocytes and monocytes. J Immunol
1997: 159: 574-81.

GARCIA-MAURINO S, Pozo D, CARRILLO-VICcO A, CALVO
JR, GUERRERO JM. Melatonin activates Thl lympho-
cytes by increasing IL-12 production. Life Sci 1999: 65:
2143-50.

CARRILLO-VICO A, LARDONE PJ, FERNANDEZ-SANTOS
JM, et al. Human lymphocyte-synthesized melatonin is
involved in the regulation of the interleukin-2/inter-
leukin-2 receptor system. J Clin Endocrinol Metab
2005: 90: 992—-1000.

LARDONE PJ, CARRILLO-VICO A, NARANJO MC, et al.
Melatonin synthesized by Jurkat human leukemic T cell
line is implicated in IL-2 production. J Cell Physiol
2006: 206: 273-9.

LissoNi P, MALUGANI F, BorDIN V, CoNTI A, MAEST-
RONI G, TanciNt G. A new neuroimmunotherapeutic
strategy of subcutaneous low-dose interleukin-2 plus the
long-acting opioid antagonist naltrexone in metastatic
cancer patients progressing on interleukin-2 alone.
Neuro Endocrinol Lett 2002: 23: 255-8.
CARRILLO-VICcO A, CaLvo JR, ABREU P, et al. Evidence
of melatonin synthesis by human lymphocytes and its
physiological significance: possible role as intracrine,
autocrine, and/or paracrine substance. FASEB J 2004:
18: 537-9.

MAEsTRONI GJ, SuLLl A, Pizzornt C, VILLAGGIO B,
CutoLo M. Melatonin in rheumatoid arthritis: synovial
macrophages show melatonin receptors. Ann N'Y Acad
Sci 2002: 966: 271-5.

MiLLER SC, Panp1 PS, EsQuiriNno Al, CARDINALI DP,
MaESTRONI GJ. The role of melatonin in immuno-
enhancement: potential application in cancer. Int J Exp
Pathol 2006: 87: 81-7.

SiLva SO, RobriGues MR, XiMENEs VF, BUENO-
DA-SiLva AE, MARANTE-MENDES GP, CampA A.
Neutrophils as a specific target for melatonin and
kynuramines: effects on cytokine release. J Neuroim-
munol 2004: 156: 146-52.

SiLva SO, RoprIGUES MR, CARVALHO SR, CATALANI
LH, Campra A, XiMENES VF. Oxidation of melatonin

685



Muiioz-Hoyos et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

686

and its catabolites, Nl-acetyl-N2 -formyl-5-meth-
oxykynuramine and Nl-acetyl-5-methoxykynuramine,
by activated leukocytes. J Pineal Res 2004: 37: 171-5.
LakiN ML, MiLLErR CH, Stort ML, WINTERS WD.
Involvement of the pineal gland and melatonin in
murine analgesia. Life Sci 1981: 29: 2543-51.
LoweNsTEIN PR, PEREYRA EN, GoNzALEzZ SC, CARDI-
NALI DP. Effect of naloxone on the nocturnal rise of rat
pineal melatonin content. Eur J Pharmacol 1984: 98:
261-4.

MoLINA-CARBALLO A, ACUNA-CASTROVIEIO D, RODRI-
GUEzZ-CABEzAS T, MuNoz-Hovos A. Effects of febrile
and epileptic convulsions on daily variations in plasma
melatonin concentration in children. J Pineal Res 1994:
16: 1-9.

WEBER RS, PErT CB. Opiatergic modulation of the
immune system. In: MILLER EE, GENAssANI AR, eds.
Central and Peripheral Endorphins: Basic and Clinical
Aspects. New York: Raven Press, 1984: 35-41.
Lissont P, Esposti D, EsposTi G, et al. A clinical study
on the relationship between the pineal gland and the
opioid system. J Neural Transm 1986: 65: 63-73.
SRINIVASAN V, MAESTRONI GJ, CARDINALI DP,
Esquifino Al, PaANDI-PERUMAL SR, MILLER SC. Mela-
tonin, immune function and aging. Immun Ageing 2005:
2:17.

MAESTRONI GJ, ConTI A, PIERPAOLI W. Pineal melato-
nin, its fundamental immunoregulatory role in aging
and cancer. Ann N Y Acad Sci 1988: 521: 140-8.
Lynca HJ, DENG MH. Pineal responses to stress.
J Neural Transm Suppl 1986: 21: 461-73.
MuRoz-Hoyos A, MOLINA-CARBALLO A, RODRIGUEZ-
CaBEzAS T, UBEROS-FERNANDEZ J, Ruiz-Cosano C,
AcuNAa-CasTroVIEJIO D. Relationships between meth-
oxyindole and kynurenine pathway metabolites in
plasma and urine in children suffering from febrile and
epileptic seizures. Clin Endocrinol (Oxf) 1997: 47: 667—
77.

CoHEN MR, PickArR D, DuBois M, CoHEN RM. Studies
of the endogenous opioid system in the human
stress response. In: PLoTniko NP, MurGo Al, eds.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Enkephalins and Endorphins: Stress and the Immune
System. New York: Plenum Press, 1986.

GIRON-CARO F, MuNoz-Hoyvos A, Ruiz-Cosano C,
et al. Melatonin and beta-endorphin changes in children
sensitized to olive and grass pollen after treatment with
specific immunotherapy. Int Arch Allergy Immunol
2001: 126: 91-6.

MAEsTRONI GJ, Conti A, PierrAoLl W. The pineal
gland and the circadian, opiatergic, immunoregula-
tory role of melatonin. Ann N Y Acad Sci 1987: 496:
67-71.

MADDEN JJ, DoNaAHUE RM, SmitH IE. Kinetics of
Erythrocyte Rosette Formation with Lymphocytes from
drug-addicted subjects. In HARRIS LS. (ed): Problems of
Drug Dependence, National Institute on Drug Abuse,
Res. Monograph, 1983: 43: 375-9.

WyYBRAN J, ApPELBOOM T, FAMAEY JP, GOVAERTS A.
Suggestive evidence for receptors for morphine and
methionine-enkephalin on normal human blood T
Iymphocytes. J Immunol 1979: 123: 1068—70.
ScHwAarRz W, BIRAU N, HoORNSTEIN OP, et al. Altera-
tions of melatonin secretion in atopic eczema. Acta
Derm Venereol 1988: 68: 224-9.

McMiLLEN IC, Nowak R. Maternal pinealectomy
abolishes the diurnal rhythm in plasma melatonin
concentrations in the fetal sheep and pregnant ewe
during late gestation. J Endocrinol 1989: 120: 459—
64.

KuNKEL G, Paus R, PoLsoN R, SZENTIVANYI A. Beta-
adrenergic receptors in nasal tissue with reference to
their role in asthma and atopy. Allergol Immunopathol
(Madr) 1989: 17: 67-72.

WRIGHT RJ, CoHEN RT, CoHEN S. The impact of stress
on the development and expression of atopy. Curr Opin
Allergy Clin Immunol 2005: 5: 23-9.

CikLER E, ErRcAN F, CETINEL S, CoNTUK G, SENER G.
The protective effects of melatonin against water
avoidance stress-induced mast cell degranulation in
dermis. Acta Histochem 2005: 106: 467-75.
MAESTRONI GJ. T-helper-2 lymphocytes as a peripheral
target of melatonin. J Pineal Res 1995: 18: 84-9.



