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Abstract Even though cytokines may fundamentally act as local factors, the recent 
advances in the knowledge of neuroimmunomodulation (NIM) would sug-
gest the existence of a central regulation of their secretion and activity. 
Several neuroactive substances have appeared to infl uence cytokine secre-
tion, and on the other hand cytokines may modulate the neuroendocrine 
functions. However, at present only for the pineal gland, whose funda-
mental NIM role is well known, it is possible to recognize reciprocal infl u-
ences between cytokine action and pineal endocrine activity, suggesting 
the existence of feedback mechanisms responsible for a central regula-
tion of cytokine network. Melatonin (MLT), which is the most investi-
gated pineal immunomodulating hormone, may stimulate IL-2 release by 
T helper-1 (TH-1) lymphocytes and that of IL-12 by dendritic cells (DC), 
whereas both IL-2 and IL-12 would inhibit MLT release. The physiological 
signifi cance of IL-2—IL-12—MLT interactions would be the maintenance 
of an effective TH-1-dependent cellular immunity, including the antican-
cer immune response. A third possible pineal-cytokine feedback mecha-
nism involves tumor necrosis factor-alpha (TNF-alpha) secretion, with a 
stimulatory effect of TNF-alpha on MLT release and an inhibitory one 
of MLT on TNF-alpha production. This fi nding would explain the anti-
cachectic property of MLT itself. A further knowledge of pineal-cytokine 
interactions, as well as of other endocrine-immune circuits, will allow a 
better defi nition of the physiopathology of human chronic immunoinfl am-
matory diseases, whose clinical course has appeared to be infl uenced by 
psychoemotional factors.
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1. Introduction

Cytokines may be either detrimental or therapeu-
tic for the living organisms [1]. They may either 
destroy or repaire the structure of the organs. Gen-
erally, it is a common opinion that cytokines may 
substantially act as local factors, only active where 
locally produced. However, because of their funda-
mental role in human physiopathology, it is probable 
that the local production and activity of cytokines 
may be under a central regulatory control, capable 
of piloting their functions on the basis of the general 
status of the various biological systems. In fact, sev-
eral neuroactive substances, produced by both cen-
tral nervous systems (CNS) and peripheral nervous 
systems (PNS), may infl uence cytokine secretion 
and amplify or reduce their biological activity [2]. 
Both positive and negative feedback mechanisms 
have been described within the cytokine network [1]. 
Obviously, the evidence of several positive feedback 
mechanisms makes the cytokine system as more dif-
fi cult to be investigated with respect to the endocrine 
system, which is mainly characterized by negative 
feedback circuits.

Within the neuroimmunomodulation (NIM), a 
fundamental immunoregulatory role has been proven 
to be exerted by the pineal gland, through the circa-
dian release of melatonin (MLT) and other less inves-
tigated indoles and neuropeptides [3]. The impor-
tance of the pineal gland in the regulation of cytokine 
production and activity is confi rmed by the fact that 
pharmacological or surgical pinealectomy produces 
evident changes in cytokine secretion, namely in the 
release of IL-2 [4], with a following generation of 
an immunosuppressive status. On the other hand, 
several experimental studies have suggested that 
cytokines may modulate the pineal function [5, 6]. In 
more detail, MLT release from the pineal has been 
shown to be infl uenced by IL-2 [5], IL-12 [7], tumor 
necrosis factor-alpha [8] and granulocyte-macrophage 
colony stimulating factor (GM-CSF) [9].

It is known that the pineal gland contains two 
major cell populations, consisting of pinealocytes 
and glial cells [3]. A present, it is still unknown 
whether pinealocytes may express cytokine recep-
tors. In contrast, it has been well demonstrated that 
glial cells, which originate from the monocyte-mac-
rophage cell line, may express receptors for several 
cytokines [2]. Since pineal glial cells modulate the 
metabolic functions of pinealocytes [3], it is not 
necessary that pinealocytes may express cytokine 
receptors to explain their response to the action of 
cyto-kines, which could infl uence them indirectly 
by acting on the glial cells of the pineal gland. In 
any case, further studies will be necessary to estab-

lish whether pinealocytes may indirectly express 
cytokine receptors. 

2. Physiology of Neuroimmunomodulation

Lymphocytes are one of the most important 
target cells for NIM. As far as lymphocyte physiol-
ogy is concerned, until few years ago a great value 
was clinically assigned to T helper/T suppressor 
lymphocyte ratio (CD4/CD8), and a decrease in its 
value was considered as an expression of immuno-
suppression [10]. In the last years, the fundamental 
advances in the knowledge of the immune system 
have allowed us to identify more physiopathologi-
cally and clinically signifi cant immune parameters, 
consisting of T helper-1 (TH-1)/T helper-2 (TH-2) 
ratio (TH-1/TH-2) [11, 12], TH-1 and TH-2 being 
the main cells responsible for the activation of cellu-
lar or humoral immune response, respectively. TH-1 
hypofunction and TH-2 hyperfunction would rep-
resent the main immune alteration occurring in 
human diseases. TH-1 hypofunction may predispose 
to cancer, whereas TH-2 hyperfunction may predis-
pose to allergic and autoimmune diseases [11, 12]. 
In addition, it may be suggested that TH-1/TH-2 
ratio constitues a useful immune parameter to 
explain the great variety of immunomodulating 
effects induced by hormones and neuroactive sub-
stances, as well as those of psychoemotional factors 
[13, 14].

According to NIM knowledge, both stress and 
pleasure conditions may infl uence the neuroendo-
crinoimmune interactions [15, 16]. Stress activates 
the hypothalamic-pituitary-adrenal (HPA) axis [17]. 
Infections and infl ammations also activate the HPA 
axis through cytokines released from the activated 
immune cells [18]. HPA axis-stimulating activity is 
exerted by most cytokines, including IL-1, IL-2, IL-6, 
IL-12 and TNF-alpha [17]. At present, cytokine-HPA 
axis is the most investigated neuroimmunomodula-
tory feedback mechanism. The aim of cytokine-HPA 
axis is the protection against the risk of an exag-
gerated immune response, which could predispose 
to autoimmune or allergic disease [12]. However, on 
the other hand the existence of concomitant endo-
crine-cytokine feedback circuits, must be considered, 
mainly involving the pineal gland, whose aim is the 
protection against the risk of an immune hypore-
sponse to infectious agents and eventual transformed 
cells [7]. A typical defi ciency of cytokine-HPA axis 
has been described in autoimmune disease [1]. All 
hormones and neuroactive agents released during 
stress, including corticosteroids, catecholamines and 
opi-oids, are characterized by a common mechanism 
of action, consisting of the stimulation of T helper-0 
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(TH-0) differentiation into TH-2 cells and of the inhi-
bition of TH-1 differentiation [19, 20].  This fi nding 
would be at least in part mediated by the inhibition 
of the dendritic cell (DC) induced release of IL-12 [19, 
21], which is the main factor responsible for TH-1 dif-
ferentiation. Therefore, IL-12 defi ciency would allow 
a preferential differentiation of TH-0 into TH-2 cells, 
a consequent release of IL-4 and a following further 
enhanced TH-2 differentiation. On the other hand, 
neurohormones and neuroactive agents related to 
psychic and spiritual pleasure conditions and to 
expansion of consciousness, such as pineal hormones, 
GABA-A agonists and cannabinoid substances, would 
mainly activate TH-1 differentiation, even though 
there are still controversial results, particularly those 
concerning the action of endogenous cannabinergic 
agonists, namely arachidonyl-ethanolamide, the so-
called anandamide [22]. Therefore, stress and plea-
sure would mainly activate TH-2 and TH-1 lympho-
cyte functions respectively [19]. Then, stress—by 
activating TH-2 dependent immune function—would 
predispose to autoimmune and allergic diseases, 
whereas the concomitant TH-1 hypofunction may 
be a risk factor for cancer. On the other hand, 
relaxation, spiritual experiences and sexual plea-
sure would activate TH-1 pineal axis, with a fol-
lowing reduced risk of autoimmune diseases and 
an increased resistance against cell proliferation. 
According to the knowledge available up to now, the 
pineal hormone MLT would be the main endoge-
nous anti-stress substance, capable of counteracting 
stress-related chemical and psychic conditions [3].

3. Anticancer Cytokine Network

At present, we may substantially recognize 
two fundamental antitumor cytotoxic systems in 
humans, involved in immunity-mediated cancer cell 
destruction [23]. The fi rst system consists of an IL-
2-dependent phenomenon, which mediates an anti-
gen-independent tumor cell destruction, and it is 
characterized by Natural Killer (NK)/Lymphokine-
Activated Killer (LAK) cell system and TH-1 lym-
phocytes. IL-2 released by TH-1 cells activates the 
evolution of PBMC into LAK cells [24], which are 
able to destroy fresh human cancer cell lines irre-
spective of their antigenic properties. The second 
antitumor circuit, which is an IL-12-dependent 
system, realizes an antigen-dependent cytotoxicity, 
mediating a specifi c tumor cell lysis, and it consists 
of Dendritic Cells (DC), which produce IL-12 itself, 
and T cytotoxic lymphocytes (CD8+ cells) involved 
in cancer cell destruction [21, 25]. The two cytotoxic 
antitumor systems would be reciprocally linked by 
IL-12 itself, which may also activate the fi rst system 
by promoting TH-1 differentiation and a following 
increased production of IL-2 and an enhanced LAK 
cell generation induced by IL-2 itself. In the same 
way, we may identify two major systems suppressing 
the anticancer immunity [26, 10]. The fi rst system 
is that of macrophages, which may release several 
immunosuppressive substances, such as IL-6 and 
soluble IL-2 receptor (sIL-2R), which may inhibit 
IL-2 induced NK activation [27] and LAK cell gen-
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Fig. 1. Main antitumor cytotoxic and immunosuppressive systems.
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eration [28]. The second system is represented by 
TH-2 lymphocytes, which produce IL-10–capable of 
inhibiting the activity of both IL-2 and IL-12– and 
IL-4, which further promote TH-2 differentiation 
itself, with a consequent worsening of the already 
altered TH-1/TH-2 ratio occurring in the advanced 
neoplasms [11]. Anticancer cytotoxic, suppressive 
system and their relations are illustrated in Fig. 1. 
From a clinical point of view, the main cytokines to 
monitor the biological response during IL-2 cancer 
immunotherapy, the most promising tumor biother-
apy available up to now would have to be at least 
IL-2, IL-12, IL-10, IL-4 and IL-6 [23, 10]. Lower 
levels of IL-2 or IL-12 and abnormally high levels 
of IL-6 and IL-10 have been proven to be associated 
with a poor prognosis in metastatic cancer patients 
[10].

4. Pineal gland and Immunity
 
Several biological regulatory functions may be 

assigned to the pineal gland and to its main hor-
mone MLT, including the modulation of neuroendo-
crine, immune, hemopietic and cardiovascular sys-
tems [3]. The fi rst evidence suggesting a pineal 
modulation of the immunity was proposed about 
30 years ago by Jankcovic et al. [29]. Then, several 
immunostimulating effects were attributed to the 
pin-eal and its most investigated hormone MLT, 
namely stimulation of T lymphocyte functions in 
a TH-1 way, stimulation of NK cell activity and of 
their evolution into LAK cells, inhibition of macro-
phage-mediated immunosuppressive effects on the 
anticancer reaction and of TH-2–mediated immuno-
suppression [30]. Therefore, the pineal would pref-
erentially activate the cellular immunity, whereas 
the humoral immunity is not amplifi ed by MLT. Both 
lymphocytes, namely TH-1 cells, and macrophages 
may express MLT receptors and—in addition—MLT 
may be directly released from both T lymphocytes 
and macrophages [30, 31]. The activation of TH-1 
functions would have to be considered as the main 
effect to explain the well documented pineal stimu-
lation of the anticancer immunity. However, it has 
to be considered that MLT is not the only poten-
tially active hormone produced by the pineal 
gland. In fact, preliminary results seem to suggest 
that at least two other pineal indoles, 5-methoxy-
tryptophol and 5-methoxytryptamine, may play 
immunomodulating effects [32, 33].

5. Pineal-Cytokine feed-back mechanisms

The basis-mechanism capable of explaining the 
great variety of immunomodulatory effects of the 

pineal gland may be identifi ed in the regulation of 
the cytokine network. The pineal may infl uence the 
release of cytokines, which in turn infl uences the pin-
eal endocrine activity. The pineal would modulate 
the cytokine network in relation to both environ-
mental and psychoemotional conditions. It is known 
that cytokines may infl uence the whole neuroendo-
crine system, including CNS and PNS, not only the 
pineal gland, and—on the other hand—the pineal is 
not the only neuroendocrine organ capable of infl u-
encing cytokine secretions [2, 6]. At present, how-
ever, it is possible only for the pineal to identify 
not only reciprocal neuroimmune infl uences, but 
clinically evident cytokine-pineal feedback mecha-
nisms, involved in maintaining an effective TH-1–
dependent immune response. At present, at least 
three pineal cytokine feedback mechanisms may 
be recognized in humans according to preliminary 
clinical investigations [5, 8, 30, 34]. MLT has been 
proven to stimulate IL-2 secretion [30], which in 
turn tends to inhibit MLT release, even though the 
effects of IL-2 on MLT production would depend on 
IL-2 dose and way of administration [5] . MLT stim-
ulates IL-12 and enhances IL-2-induced secretion 
of IL-12 [7, 34] which in contrast may inhibit MLT 
release [7]. The aim of these two pineal-cytokine 
feedback circuits is to induce an effective TH-1-
dependent immunity, including the anticancer reac-
tion. Therefore, whereas the biological signifi cance 
of cytokine-HPA axis circuit is the prevention of an 
exaggerated immune response, the aim of pineal/
IL-2/IL-12 neuroimmune network is to guarantee 
an adequate immune response against the various 
pathological agents. In more detail, the activation 
of HPA-axis induces a preferential TH-2 response, 
whereas IL-2 -IL-12 -pineal axis would generate a 
TH-1-dependent immunity. In other words, the cel-
lular immunity, which is a TH-1 dependent phe-
nomenon, is infl uenced by the pineal-neuroimmune 
circuit, whereas the humoral one, which is a TH-
2-dependent phenomenon, is controlled by HPA-
axis cytokine interactions. The third possible pineal-
cytokine feedback mechanism involves TNF-alpha 
secretion. TNF-alpha stimulates MLT release [8], 
whereas MLT suppresses TNF-alpha secretion [35], 
and MLT-induced inhibition of TNF-alpha release 
would be one of the main mechanisms responsible 
for the well documented anti-cachectic property of 
MLT [35]. Therefore, the physiopathological signif-
icance of pineal-TNF-alpha interactions would be 
the prevention of cancer or infection induced weight 
loss. Pineal and HPA-cytokine feedback mecha-
nisms are illustrated in Fig. 2.
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6. Pineal modulation of the anticancer 
cytokine network

 
Because of the preferential effect of MLT on TH-1 

rather than TH-2 cell differentiation [6, 30] and 
of its inhibitory activity on macrophage-mediated 
suppression of the anticancer immunity [36], an 
effective pineal endocrine function could reverse the 
major immune alterations occurring in human neo-
plasms, including the hyperfunction of macrophage 
and TH-2 system and the hypofunction of TH-1–
Dendritic Cells–NK cell system. Unfortunately, it 
has been proven that cancer progression is associ-
ated with a progressive pineal hypofunction, with a 
consequently diminshed production of MLT during 
the dark period of the day [37, 38]. At present, it is 
still unknown whether which may be the primum 
movens between pineal damage and cancer-related 
immune alterations. In experimental conditions, it 
has been observed that pharmacological corrections 
of the neurochemical alterations occurring during 
the carcinogenetic process may counteract the onset 
of tumor itself [39]. Therefore, it is probable that 
a pre-existing pineal hypofunction may be at least 
in part involved and predisposed to cancer devel-
opment or cancer recurrence for patients radically 
operated for a primary tumor. This statement may 
be justifi ed by the fact that all conditions character-
ized by a pineal hypofunction or dysfunction, includ-
ing depression, stress and exposition to magnetic 
fi elds, may predispose to cancer, whereas the evi-
dence of a pineal hyperfunction, such as blindness, is 
associated with a diminished risk of cancer [40, 41]. 

Moreover, in experimental conditions it has been 
shown that pinealectomy reduces IL-2 anticancer 
activity [4]. Since cancer progression is associated 
with a progressive pineal hypofunction [37, 38], 
its pharmacological correction by the exogenous 
administration of MLT could improve the effi cacy 
of IL-2 itself. In fact, our previous clinical studies 
had already demonstrated better therapeutic results 
with IL-2 plus MLT than with IL-2 alone in patients 
with disseminated cancer [36]. In any case, further 
studies will be required to better defi ne which rela-
tion may exist between IL-2, as well IL-12, antitu-
mor effi cacy and changes in pineal endocrine func-
tion. Preliminary clinical studies have shown that a 
chronic injection of IL-2 may normalize MLT secre-
tion in advanced cancer patients with a pretreat-
ment abnormal light/dark rhythm of the pineal 
hormone, consisting of a lack of its physiological 
nocturnal increase [42].

7. Heart-Pineal interaction and 
Neuroimmuno-modulation

It is a common opinion that the brain is the most 
important organ of NIM. However, recent studies 
suggest that also the heart may play evident NIM 
effects through the release of immunomodulating 
substances, namely Atrial Natriuretic Peptide (ANP) 
and Endothelin-1 (ET-1) [43, 44]. They are provided 
by opposite cardiovascular effects, since ANP induces 
vasodilation and activation of the parasympathetic 
system, whereas ET-1 is the most potent endoge-
nous vasoconstrictive agent, capable of activating the 

Fig. 2. Hypothalamic-pituitary-adrenal axis and pineal-cytokine feed-back mechanisms.
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