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Abstract

It is known that the immune responses are substantially the end-result of interactions between monocyte-
macrophage and lymphocyte systems, which may be synthetized by the values of lymphocyte-to-monocyte ratio
(LMR). The evidence of abnormally low values of LMR values appeared to be the expression of an
immunosuppressive status in cancer patients, whereas its significance occurring in the autoimmune diseases is still
controversial. Moreover, both lymphocytes and monocytes have appeared to be under a neuroendocrine control. In
more detail, lymphocytes are namely stimulated by the pineal hormone melatonin (MLT), and inhibited by cortisol
and mu-opioid agonists. On the other hand, the neuroendocrine regulation of macrophage system is more complex,
by depending on the subtype of cells macrophage. Cortisol may inhibit M1 and stimulate M2 macrophages, while
MLT would inhibit both inflammatory and immunosuppressive actions of macrophages. Moreover, the progressive
decline in the pineal function with loss of the physiological light/dark circadian rhythm of MLT represents the main
cancer-related endocrine deficiency, while MLT rhythm in autoimmunity has still to be better investigated. This
preliminary study was performed to investigate MLT rhythm in autoimmunity. The study included 25 patients with
different types of autoimmune pathology, who were investigated during remission phase of their disease. MLT
secretion was evaluated by measuring day and night urinary excretion of its main metabolite, the 6-MTS. No patients
showed low LMR values. An altered pineal rhythm occurred in 7/25 (28%) patients. LMR mean values were higher in
patients with normal MLT rhythm than in those, who showed no MLT rhythm, even though the difference was not
statistically significant. These preliminary results study shows the possible occurrence of pineal alterations in
autoimmunity, as well as in cancer, whose clinical significance, however, needs to be clarified by monitoring MLT
rhythm during the clinical course of the disease. Moreover, this study would seem to exclude the occurrence of low
LMR values also in autoimmunity, at least during the remission phase of disease. Therefore, further longitudinal
studies, by monitoring patients with autoimmune diseases during both acute and remission phases of their
pathology, will be required to establish the clinical and prognostic significance of the alterations of MLT rhythm in
relation to the immune status of patients.
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Introduction
The recent advances in the area of Psycho-neuro-endocrino-

immunology (PNEI) have shown that the immune system is
physiologically under a psychoneurondocrine regulatory control,
which reflects the psychological and spiritual status of subjects [1]. In
more detail, the immune functions are inhibited by corticosteroids and
mu-opioid agonists [2], whereas they are stimulated by the pineal
hormone melatonin (MLT) [3]. Then, the immune alterations
occurring in the systemic diseases, including cancer and
autoimmunity, could be due to an altered neuroendocrine control of
the immune functions, at least on the onset of disease. MLT may exert
several dose-dependent immune effects, namely consisting of
stimulation of T helper-1 (TH1) lymphocytes, with a following
enhanced IL-2 production, and inhibition of macrophage-mediated
inflammatory-immunosuppressive events [3-5], with a following
stimulation of the anticancer immunity, which is activated by TH1
lymphocytes, and inhibited by the macrophage system [3-5]. Moreover,
the evidence of an abnormally low lymphocyte-to-monocyte ratio

(LMR), due to decline in lymphocyte and increase in monocyte counts,
has been proven to reflect cancer-related immunosuppression [6], and
to predict a worse prognosis in metastatic cancer patients [7]. On the
contrary, the prognostic significance of LMR in the autoimmunity is
still controversial, since either low or high values have been reported
[8-10]. On the same way, the immune-modulatory role of MLT in
autoimmunity has still to be better defined. At present, it is known that
the functionless of the immune system is based on equilibrium
between two major systems, consisting of granulo-monocyte-
macrophage and lymphocyte systems, which are namely connected by
the dendritic cells through the release of IL-12, which stimulates T
lymphocyte differentiation into TH1 cells [11]. The main T
lymphocyte subsets are represented by TH1 cells (CD4+), cytotoxic T
lymphocytes  (CD8+),  TH17  lymphocytes (CD4+CD17+),  which
activate the inflammatory response through the release of IL-17 [12],
and regulatory T lymphocytes (T reg) ( CD4+CD25+), which in
contrast may suppress both TH1 and cytotoxic T lymphocyte
functions, while they are inhibited by IL-17 [13]. The classification of
monocyte-macrophage subsets is more complex and controversial,
even though they are generally subdivided into two main subsets,
consisting of M1 and M2 cells [8-10]. M1 and M2 macrophages would
originate from the so-called classical monocytes (CD14+CD16-)
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monocytes, or from the non-classical monocytes (CD4+CD16+),
respectively. CD16 antigen corresponds to Fc receptor, while CD14
antigen is only a fragment of Fc receptor [14]. Classical monocytes
play a major pro-inflammatory role, whereas non-classical monocytes
exerts an anti-inflammatory action. M1 macrophages are activated by
gamma-IFN, whereas M2 cells are stimulated by IL-4 and IL-13.
Moreover, the differentiation into M1 or M2 macrophages would seem
to be induced by GM-CSF and M-CSF, respectively, even though it is
more complex [14]. M1 cells play an inflammatory function by
secreting several inflammatory cytokines, including IL-1 beta, IL-6,
and TNF-alpha. IL-6, whose secretion is stimulated by IL-1 beta itself,
promotes CRP production at liver site, as well as the secretion of IL-17
from TH17 lymphocytes. On the contrary, M2 cells play an anti-
inflammatory action by secreting the two main anti-inflammatory
cytokines, IL-10 and TGF-beta [13]. M1 cells may also exert an
anticancer cytotoxic activity, but on the other hand the inflammatory
cytokines produced by M1 cells may suppress the antitumor immunity.
On the same way one, M2 cells, despite their anti-inflammatory
activity, may also suppress the anticancer immunity through the
secretion of TGF-beta, which constitutes the main endogenous
immuno suppressive factor [13]. Then, by considering their overall
immune effects, macrophages would exert a major protumoral role. On
the contrary, the role of macrophages in the pathogenesis of
autoimmune diseases is more complex, because of the opposite effects
of the two macrophage subsets on the inflammatory response.
Autoimmunity-related alterations of cytokines secretions consist of
non-specific increase in the blood levels of both macrophage-related
inflammatory cytokines, including IL-1 beta, IL-6, and TNF-alpha
[15], with a more evident increase in TNF-alpha levels in the
rheumatoid arthritis(RA) [10], and TH17 lymphocyte-derived IL-17
[16], in association with low levels of the anti-inflammatory cytokines
IL-10 and TGF-beta [17]. The evidence of low levels of IL-10 and TGF-
beta in association with high levels of IL-6 and TNF-alpha would
reflect an unbalance within the different macrophage subsets, with M1
hyper-activation in association with a M2 deficiency. The main physio-
pathological question of autoimmune diseases is that concerning the
origin of autoimmunity-related chronic inflammatory status itself,
since it could be induced by M1 macrophages, by TH17 lymphocytes
[16] or cytokines stimulating TH17 cell functions, such as IL-21 and
IL-23 [18], by dendritic cells themselves in the presence of an
abnormally high antigen presenting cell activity, with a following
potential reaction against auto-antigens, or by TH1 lymphocytes
through the release of IL-2, which may activate the whole immune
system. On the other side, autoimmunity-related chronic
inflammatory  status might depend on a diminished T reg cell anti-
inflammatory immunosuppressive activity. Finally, IL-18, produced by
macrophages, endothelial and epithelial cells may also contribute to the
pathogenesis of the autoimmune diseases, by enhancing their severity
[18]. At present, the main cytokine alteration responsible for the
development of an autoimmune reaction is considered to be
represented by an increased IL-17 secretion [16]. Then, the
pathogenesis of the autoimmunity would by a TH17-dependent
phenomenon, because of the inhibitory action of IL-17 on T reg cell
generation and activation [13], and its stimulatory effect on the
macrophage system [19]. Then, from a clinical point of view, the
prognosis of an autoimmune disease is better in the presence of high
levels of TGF-beta and IL-10, in association with normal values of
IL-6, TNF-alpha and IL-17. The interactions among monocytes,
macrophages, lymphocytes and cytokine secretions are illustrated in
Figure 1.

Figure 1: Monocyte, Macrophage, Lymphocyte systems and
cytokine network in the autoimmune diseases.

As far as the immune effects of MLT in the autoimmunity are
concerned, because of its concomitant immune-stimulatory and anti-
inflammatory effects [3,4], it could either to improve, or to worse the
clinical course of the autoimmune diseases, by potentially exerting
both positive and negative effects, whereas it has been proven to
determine only benefits in cancer cure [20]. MLT may be useful in the
treatment of the autoimmunity by inhibiting prostaglandin production
and the secretion of macrophage inflammatory cytokines, including
IL-6, IL-1 beta and TNF-alpha [21], as well that of IL-17 through its
connection with brain endocannabinoid system [22-24], but on the
other hand the immune-stimulatory activity of MLT, namely due to a
stimulation of IL-2 and IL-12 secretions [3,25], could amplify the
severity of autoimmune processes. In any case, it has to be remarked
that the role of IL-2 and IL-12 in autoimmunity is still controversial,
since either low or high levels have been described [26,27]. In addition,
both IL-2 and IL-12 could exert both positive and negative effects on
the autoimmune processes, and this evidence is not surprising, since
IL-2 may promote the autoimmunity by stimulating TH1 and M1
macrophage functions, but on the same way it may prevents the
autoimmunity by stimulating T reg cell generation [26] and inhibiting
IL-17 secretion [28], as suggested by preliminary studies. On the same
way, IL-12 may exert negative effects on the autoimmune processes
due to the stimulation of TH1 differentiation, and to the inhibition of
T reg functions, but it could also exert some benefits by inhibiting
IL-17 secretion [29,30]. According to preliminary clinical studies, MLT
would seem to improve the clinical course of Systemic Lupus
Erythematosus (SLE), bowel inflammatory diseases, psoriasis, multiple
sclerosis (MS) [31] whereas it could worsen the symptomatology of the
RA [32]. Moreover, preliminary clinical studies have also shown an
altered light/dark circadian secretion of MLT in the autoimmune
diseases, by suggesting the occurrence of an autoimmunity-related
altered pineal function [33,34]. Because of the important immune-
modulatory properties of MLT, autoimmunity-related pineal
alterations could play a role in the pathogenesis of auto-immmunity
itself. On these bases, a preliminary study was planned to evaluate the
light/dark rhythm of MLT in a group of patients affected by
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autoimmune diseases in relation to the inflammatory and immune
status of patients, as assessed by evaluating LMR values [5-7].

Patients and Methods
The study included 25 consecutive patients affected by autoimmune

diseases (M/F: 6/19; median age: 48 years, range 17-68), who were
investigated during the remission phase of their disease. According to
the common laboratory analyses, the diagnosis of autoimmune disease
was, as follows: RA: 4; polymyalgia: 4; SLE: 3; Hashimoto’s thyroiditis:
3; bowel inflammatory diseases: 3; mixed connective tissue disease: 2;
multiple sclerosis: 2; psoriasis: 2; Sjogren’s syndrome: 1; scleroderma:
1. No patient was under therapy with corticosteroids or other
immunosuppressive agents during the study. The control group
consisted of 50 sex- and age-matched healthy subjects. The pineal
function was evaluated by determining the light and night urinary
excretion of the main MLT metabolite, the 6-sulphatoxy-melatonin (6-
MTS), and light and night 6-MTS concentrations were analyzed by an
enzyme immunoassay and commercially available kits (Melatonin
sulphate Urine –  ELISA IBL International GMBH/ Tecan Group
Company), and the values were reported as mcg/ml. Urine were
collected in two different tubes during the day ( from 8 AM to 8 PM)
and during the night (from 8 PM to 8 AM). The circadian rhythm of
MLT was considered to be normal when 6-MTS night values were at
least two times greater than those found during the light phase of the
day. As far as LMR values are concerned, normal values observed in
our laboratory (95% confidence limits) were, as follows: lymphocyte
count above 1,500/mm3, monocyte count below 500/mm3, LMR
greater than 2.1.

Results
A normal 6-MTS increase in the night was present in 18/25 (72%),

whereas the remaining 7 patients (28%) showed an altered pineal
circadian rhythm, without any apparent relation to the type of
autoimmune pathology( SLE: 1; RA: 1; polymyalgia: 2; multiple
sclerosis:1; psoriasis: 1; scleroderma: 1). The alterations of MLT rhythm
consisted of lack of the physiological light/dark circadian rhythm in 5
patients, and inverted rhythm, with higher 6-MTS values during the
day than during the night, in the remaining 2 cases. Moreover, no
patient presented lymphocytopenia. Monocyte count was within the
normal range in 22/25 (88%), and abnormally high in the remaining 3
patients (12%). On the same way, no patient showed an abnormally
low LMR, whose mean values were higher in patients than in controls,
without, however, statistically significant differences. Finally, LMR
mean values were higher in patients with a normal circadian rhythm of
MLT than in those with an altered MLT rhythm, even though the
difference was not significant. LMR mean values observed in patients
and in controls are illustrated in Figure 2.

Discussion
According to previous clinical investigations [26,27], this

preliminary study, carried out to investigate the pineal function in the
autoimmunity and its possible influence on autoimmunity-related
immune alterations, seems to confirm the occurrence of an altered
pineal activity in autoimmune diseases. Obviously, the too low number
of patients does not allow us to establish which relation may occur
between the pineal function and specific autoimmune pathology.
Moreover, it has to be remarked that all patients with autoimmune
diseases considered in the present study were investigated during the

only remission phase of their diseases. Therefore, longitudinal studies,
by monitoring MLT circadian seretonin relation to the clinical course
of patients during both phases of recurrence and remission, will be
required to establish the possible clinical and prognostic significance of
autoimmunity-related pineal alterations. At present, however, it is not
possible to establish whether pineal alterations may precede and
predispose to the onset of autoimmune diseases a consequence of an
altered neuroendocrine control of cytokine secretions, or whether they
simply represent the effect of autoimmunity-related abnormal
production of inflammatory cytokines, which has appeared to
influence the pineal endocrine activity [34]. Moreover, as far as LMR
profile in autoimmunity is concerned, in agreement with previous
results of other authors [8], this study would suggest that LMR values
may be normal or greater than those found in the healthy controls [8].
In any case, no conclusion may be drawn on the significance of LMR
values in patients with autoimmune diseases without a comparison
between acute and remission phases of the pathology, as suggested by
preliminary clinical studies, which have shown that the evidence of
lymphocytopenia and low LMR values are associated with a worse
prognosis in autoimmune diseases [10]. Then, an evident decline in
LMR values in the autoimmune diseases, as well as in metastatic
tumors, would occur during the only exacerbation phases of disease. It
would seem to be surprising the fact that the evidence of LMR low
values may represent a negative prognostic marker for both
autoimmunity and cancer, which are characterized by opposite
immune conditions, consisting of immunosuppression in cancer and
immune hyper-activation in autoimmunity. Cancer-related decrease in
LMR would be mainly due to a decline in lymphocyte count, with a
following lymphocytopenia, which constitutes the main biomarker of
cancer-related immune-suppression, whereas LMR decline occurring
in the autoimmune diseases would be mainly due to a progressive
increase in monocyte count [10].

Figure 2: LMR mean values in controls and in patients with
autoimmune disease in relation to melatonin (MLT) rhythm.

Conclusion
In conclusion, longitudinal studies, by evaluating changes in LMR

ratio during the clinical course of the autoimmune diseases in relation
to changes in MLT circadian secretion, will be necessary to better
define the prognostic significance of LMR as a possible biomarker of
the autoimmune pathology and the possible role of the pineal gland in
autoimmunity-related immune alterations.
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