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Introduction

Cytokines and Depression: a neurochemical hypothesis

Dr. Stefania Bonaccorso M. D.

Major Depression is a common psychiatric disorder, recently defined by the DSM-IV-TR
(DSM-IV-TR, 2001) as a period of at least two weeks during which are present somatic and psy-
chological symptoms like depressed mood, loss of interest or pleasure in usual activities, loss
of weight or appetite, sleep disturbances, enhanced or lowered psychomotor activity, anergy,
guilty feelings, difficulties in concentration, and suicidal thoughts. Different factors have been
thought to be responsible for its etiology: genetic factors, heritable patterns (temperament),
and emotional states to life events. More recently the positive results obtained by the admin-
istration of psychodrugs, normally used to treat major depressive episodes, pointed out the
importance of the monoamine hypothesis (Delgado et al., 1990). This theory involves a dys-
function of the noradrenergic, dopaminergic and serotonin systems. Recently, the hypothesis
of catecholamines depletion initially proposed by Bunney (Bunney et al., 1965) in the 60’s has
been substituted by the idea of a catecholamine’s dysregulation according to which a nega-
tive feedback on presynaptic neurons causes an exaggerated norepinephrine release.
Depressed patients have shown higher plasma norepinephrine (NE) levels (Maes et al., 1991),
in urine, blood and cerebrospinal fluid (Maes et al, 1999). Further studies showed a sub sensi-
tivity of alpha2-ARs receptors which might be intended as the cause of the negative feedback
on the presynaptic catecholaminergic neurons, and therefore responsible for the disinhibition
of noradrenergic output in response to any activation (Kafka et al, 1986). Moreover, nora-
drenergic projections to the hippocampus have recently been implicated in behavioral sensi-
tization to stress, and prolonged activation of the locus coeruleus contributes to the state of
learned helplessness, an animal model for depression (Thase, 2000). Thus a dysregulation of
NE system might contribute to the pathophysiology of depression.

Another neurotransmitter suspected to be involved in the etiology of depression is sero-
tonin (5-HT): serotonin system is widely distributed in the brain and also its innervations.
Serotonergic neurons projecting to the suprachiasmatic nucleus of the hypothalamus help to
regulate circadian rhythms like sleep-wake cycles, body temperature, and hypothalamic-pitu-
itary-adrenocortical axis function. Serotonin also permits or facilitates goal-directed motor
and consummatory behaviors in conjunction with norepinephrine and dopamine (Thase,
2000). Dysfunctions in the serotonin metabolism (Maes & Meltzer, 1995) have been docu-
mented in depressed people, for example, Maes and coworkers found lower levels of trypto-
phan (TRP), (the 5-HT precursor which compete with other competing amino acids (CAA) for
entrance through the blood-brain barrier) along with a lower Trp/CAA ratio (Maes, 1996). The
depletion of plasma concentration of tryptophan is likely to reduce the serotonin synthesis in
the brain since this latter depends on the plasma availability of tryptophan. In support of this
observation, dietary depletion of L-tryptophan will induce this abnormality in a subset of vul-
nerable patients. Tryptophan depletion also reverses acute responses to selective serotonin
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reuptake inhibitors and therefore the therapeutic effects of antidepressant medication
(Dursun et al., 2001).

Alterations of the serotonergic system have been found also in subsets of depressed
patients who showed a state of a relative hypofrontality of cerebral blood flow and glucose
metabolism fully consistent with decreased neurotransmission by 5-HT neurons projecting
from the dorsal raphe nuclei (Mayberg, 1997). Moreover in depressed patients it has been
noticed also changes in 5-HT2 and 5-HT1A brain receptors (Maes & Meltzer, 1995) in fact
increased or lowered receptors binding, respectively for 5-HT2 and 5-HT1A receptors, have
been found in various brain regions like frontal, temporal, limbic cortex of medicated or
unmedicated patients. (Yatham et al., 2000; Sargent et al., 2000). Moreover changes in the 5-
HT transporter (5-HTT), a molecule located on the presynaptic membrane of 5-HT cell bodies
in the raphe nuclei that regulates 5-HT uptake levels in the synaptic cleft, have been correlat-
ed to the pathophysiology of mood disturbances (Lesch et al., 1996). This modulation seems
to be genetically mediated; in fact, the polymorphism at the level of the gene responsible for
the 5-HT variation seems to be related to anxiety-, depression- and aggression-related per-
sonality traits and therefore it seems to influence the risk of affective disorders (Lesch et al.,
1998). All the alterations and dysfunction of the serotonin system as described above inter-
act and participate at different levels and degrees to the pathophysiology of depression
(Wichers et al., 2002).

Dopamine is the other neurotransmitter possibly involved in the etiology of mood distur-
bances: in fact, decreases in mesocortical and mesolimbic dopamine activity have implica-
tions in the cognitive, motor, and hedonic disturbances associated with depression. Moreover,
dopamine activity appears to be potentiated by nicotinic inputs and glucocorticoids, and its
concentrations seem to be correlated with brain serotonin activity and therefore with all the
alterations citated above (Kapur et al., 1992).

We may conclude that, after nearly 30 years of research, depressed people manifest one or
more abnormalities of monoamine neurotransmission (Cooper et al., 1996). This hypothesis
needs to be modulated on the results obtained researching the neuroendocrine system
(Holsboer, 1995): its alterations, interactions and correlations with the monoaminergic system
constitutes another hypothesis for the pathophysiology of major depression.

This idea is drawn by the observation that stressful experiences may induce elevated glu-
cocorticoids activity and from the knowledge that hypercortisolism is one of the most com-
mon correlates of melancholic depression. Corticotropin-releasing factor (CRF) is synthesized,
during stress, in the paraventricular nucleus (PVN) and released from its terminals, stimulat-
ing the anterior pituitary gland, which releases adrenocorticotropin hormone (ACTH), which
in turn induces the release of glucocorticoids from adrenal cortex (Arborelius et al., 1999).
Cortisol secretion is increased in 20 to 40 percent of depressed outpatients and 40 to 60 per-
cent of depressed inpatients with higher rates among older patients, particularly those with
highly recurrent or psychotic depressive disorders. This evidence leads to the assumption that
stress is somehow related to the developing of major depressive symptoms. Starvation and
protracted sleep deprivation can also induce hypercortisolism. Acute stress is also correlated
to transient serotonin release while chronic stress seems to be responsible for serotonin
depletion (Fujino et al. 2002; Cassano & D’mello, 2001; Kitayama et al. 1989). The synthesis of
5-HT1A auto receptors in the dorsal raphe nucleus during chronic stress may lead to a
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decreased serotonin transmission, even though elevations of glucocorticoids levels seem to
induce an enhanced serotonin transmission as a compensatory effect, at least in the initial
phases of stress. Moreover, a deficit of 5-HT activity and an increase in norepinephrine or
acetylcholine activity have been shown to increase cortical-hypothalamic-pituitary-adrenal
cortical activity (Thase, 2000). These neurochemical changes have been seen to produce in
animals’ behavioral changes such as suppression of exploratory behavior, decrease of food
intake and sexual behavior, increase of conflict behavior and grooming (Dunn et al., 1990;
Owens et al., 1991).

In humans, depressed people may show a non-suppression of cortisol secretion following
administration of the synthetic glucocorticoid, dexamethasone. This is one of the most com-
mon tests used to demonstrate a dysfunction of hypothalamic-pituitary-adrenal axis in major
depression. The partial non-suppression of cortisol in depressed patients can indicate a pre-
mature loss of inhibitory hippocampal glucocorticoid receptors. Therefore it has been postu-
lated that early trauma, intended as early stressful life events, could elicit an early hypercorti-
solism which in turn may result into a disruption of those neurons and therefore be involved
in a predisposition to the development of depression or in its pathophysiology (Thase, 2000).

There is now growing evidence that there are links between the immune system and the
central nervous system (CNS). These reciprocal interactions highlight the importance of an
active area of investigation that may achieve new insights in the etiology of neuropsychiatric
disorders.

The immune system protects the body from pathogens either viruses, bacteria, fungi, par-
asites or neoplastic cells. It is divided into a lymphoid section (that leads to the formation of
B-, T-lymphocytes and natural killer cells) and a myeloid section (that leads to the immuno-
comptence of blood cells such as monocytes, granulocytes, neutrophils, eosinophils, basophils
with further differentiation for monocytes and basophils into macrophages and mast cells).

Macrophages, microglia, endothelial and reticular cells, natural killer cells along with the
macrophages-derived cytokines (such as interferon-alpha, -beta, tumor necrosis factor-alpha)
act against pathogens in a non-specific manner according to the so called natural immunity.
B- and T-lymphocytes together with lymphocytes-derived cytokines such as interferon-
gamma mediate the specific immunity. This latter immune pathway act with the aid of the
major histocompatibility complex (MHC) which is in charge to present pathogens or neoplas-
tically transformed cells to B- or T-lymphocytes. Most cells normally express MHC molecules
type I while cells of immune origin normally also express MHC molecules type II. Some T cells
recognize antigens only when associated with one or the other MHC types. The T-lympho-
cytes that recognize antigens associated with the MHC type I normally express on the surface
a glycoprotein that is referred to a cluster differentiation, named CD8 while the T-lympho-
cytes that recognize antigens associated to the MHC type II present a glycoprotein named
CD4.

The CD4 T-lymphocytes classes II MHC are normally called T-helper for the ability to secrete
cytokines after activation. The profile of cytokines that they can secrete is different according
to the different T-helper sub-populations. The T-helper1 (Th1) are normally in charge for the
secretion of the so-called pro-inflammatory cytokines such as interleukin-2 (IL-2), interferon-
gamma  (IFN-gamma) normally involved in cell mediated inflammatory reaction with a final
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result of an activation of cytotoxic cells. T-helper2 (Th2) instead secretes interleukin-4 (IL-4),
interleukin-5 (IL-5), and interleukin-10 (IL-10) normally known as anti-inflammatory cytokines
(Miller et al., 2000).

Cytokines are polypeptides normally produced by different immunocytes in response to
several stimuli, either physiological or pathological. They regulate the growth and function of
immune cells when activated by an antigen or an infection but they also represent a way to
communicate not only between immunocytes but also between other cells as well, in an
autocrine or paracrine fashion; in fact, cytokine receptors are found in the periphery and the
central nervous system such as hypothalamus, limbic system, brain cortex, hippocampus
(Black, 1994). The evidence for catecholamines, serotonergic, cholinergic receptors on immune
cells (Westly et al., 1987; Madden et al., 1991; Titinchi at al., 1984; Janowsky et al., 1986; Bonnet
et al., 1987; Martelletti et al., 1987; Silvermann et al., 1986) seems to indicate a bi-directional
communication between central nervous system and immune system. It has been questioned
whether cytokines could pass the blood-brain-barrier (BBB) which normally restricts the
exchange of molecules between plasma and extracellular fluids of the brain. There are differ-
ent hypothesis:

1) cytokines can pass the blood brain barrier where the barrier is weaker, for example at the
level of organum vascolosum laminae terminalis (OVLT) or at the preoptic area (Stitt et
al., 1985; Nakamori et al., 1993): there is evidence of a transmission of cytokine signals
such as interleukin-1 (IL-1) along sensory afferents: in fact, IL-1β peripheral production has
been shown to activate subdiaphragmatic vagal afferents (Maier et al., 1998). This acti-
vation elicits the transportation of signals in the nucleus tractus solitarius (NTS) and in
the area postrema where the vagal afferents terminate. In turn, NTS projects to the hip-
pocampus and hypothalamus acting on central IL-1 receptors. This interaction seems to
provoke a central induction of IL-1 produced by astrocytes, microglia and neurons, in
charge also for the production of others cytokines as well. In fact, an experiment carried
out by Ericson et al. (1994) showed that systemic administration of IL-1 induces an acti-
vation of the neurons of the nucleus of solitary tract that receives vagal afferents.
Instead, in the rat, a vagotomy can suppress the pyrogenic effects of IL-1 injected
intraperitoneally (Watkins et al., 1995). These evidences taken together seem to describe,
during inflammation, a peripheral activation of vagal afferents by IL-1.

2) A third hypothesis is that T and B-lymphocytes can pass the blood brain barrier, during
inflammation or injury, through the induction of adhesion molecules such as ICAM and
VCAM-1 in the brain endothelium. This induction seems to increase the potential for cir-
culating T lymphocytes, especially CD4 lymphocytes (Brown, 2001; Raivich et al., 1998;
Sun et al., 1999; Tipold et al., 2001 Hickey, 2001).

3) Another hypothesis is that the production of prostaglandins (PGE) and nitric oxide (NO)
normally elicited by the secretion of cytokines may alter the blood brain barrier perme-
ability as well and allow the passage of cytokines (Boje et al., 2003).

The hypothesis that major depression is related to an activation of the inflammatory
response system (IRS) is drawn by the clinical findings, which observed several immune alter-
ations and endocrine disorders associated with depressive symptoms.
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Several authors gave essential scientific contributions to this matter.

Maes et al. (1990) first described an activation of the inflammatory response system (IRS),
as well as an activation of some aspects of cell-mediated immunity (Maes 1997, 1999) during
major depression. These findings can be summarized as follows:

1) The presence of an acute phase response of the IRS is indicated by the increased serum
concentrations of positive phase reactants, such as haptoglobin, C- reactive protein, and
alpha1-antitrypsin (Maes 1997, 1999, 1993; Song et al., 1994; Sluzewska et al., 1996). It can
be observed also a decreased serum concentrations of negative acute phase reactants
such as albumin, transferrin and zinc (Maes 1997, 1999; 1993);

2) The presence of an activation of monocytes and T-lymphocytes (and specific subsets) is
demonstrated by an increased serum, urine, or cerebrospinal fluid (CSF) products like
neopterin and prostaglandin E2 (PGE2). Neopterin is a marker of cell-mediated immuni-
ty found in serum and urine of depressed patients (Bonaccorso et al., 1998) along with
PGE2 which has been found also in CSF or culture supernatant obtained after polyclonal
stimulation of whole blood (Song et al., 1998);

3) The presence of an activation of monocytes and T-lymphocytes (Th1 subset) is also indi-
cated by increased serum concentration and increased production of monocytes and
Th1-like lymphocitic cytokines or cytokine receptors or cytokine receptor antagonists,
such as interleukin 1beta (IL-1beta), interleukin-2 (IL-2), interleukin-6 (IL-6), interferon-
gamma (IFN-gamma), the soluble IL-6 receptor (IL-6R) and the IL-1R antagonist (IL-1RA)
(Maes 1991, 1997, 1999).

An unbalance between the so called pro-inflammatory cytokines (IL-1, IL-2, IFN-gamma, IL-
6, TNF-alpha) (Maes 1993, 1994) produced by the monocytes and Th1 lymphocytes subset and
the anti-inflammatory cytokines (IL-4, IL-5, IL-10) mainly produced by the Th2 lymphocytes
subset may cause changes in neurotransmission and neuroendocrine system and therefore
produce depressive symptoms (Maes & Smith, 1995; Smith, 1991).

Different cytokines seem to be responsible for the complex interaction between the
immune system, endocrine function, brain and behavior. Moreover, they seem to play a fun-
damental role in different levels, such as on serotonin, dopamine and norepinephrine neuro-
transmission and on the hypothalamic-pituitary-adrenal axis.

Interleukin-1beta given intraventricularly (i.v.) activates the corticotropin releasing factor
(CRF) and induces ACTH secretion (Matta et al., 1990). The activation of the hypothalamic-
pituitary-adrenal axis (HPA) by IL-1 seems to be mediated by prostaglandin PGE2, which in
turn activates the neurons of PVN, which contain corticotropin-releasing hormone. HPA is also
activated by the noradrenergic neurons in the cerebral area A1 that projects to the neuroen-
docrine PVN (Konsman et al., 2002). The activation of noradrenergic neurons seems to be pro-
moted also by IL-1 (see next paragraph). No difference are noticed when IL-1 is injected
intraperitoneally (i.p.) (Dunn et al., 1991; 1994). In fact, i.p. administration of IL-1 chronically
infused (0, 5, 2, 4 micrograms/24h for 1 week) significantly increased ACTH and corticosterone
concentrations in plasma (Sweep et al., 1992).

These results suggest a strong impact of IL-1 on HPA axis.
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Along with the activation of the HPA axis, IL-1 seems to produce changes in the central neu-
rotransmission. IL-1beta, administered i.p. enhances norepinephrine release in the paraven-
tricular nucleus (PVN) (Mohankumar et al., 1993; 1998) and hypothalamus (Dunn, 1988), simi-
lar effects have been noticed when IL-1beta was injected i.c.v. These findings suggest a
dysregulation of the noradrenergic system by IL-1 administration (Wichers et al., 2002).

Together with the activation of the noradrenergic system, the serotonergic neurotrans-
mission seems to be affected by IL-1 production, for example: IL-1 i.p. injection seems to
increase the metabolism of tryptophan and therefore to enhance the production of serotonin
and the concentrations of its catabolite the 5-hydroxyindoleacetic acid (5-HIAA) suggesting
an increased serotonin turnover and therefore an impairment in the central neurotransmis-
sion (Maes, 2001). A study by Zubareva (Zubareva et al., 2001) investigated the role of the sero-
tonergic system, during IL-1 administration, using the pretreatment of p-chlorphenylanine, an
inhibitor of serotonin synthesis. This drug blocked the IL-1beta induced decrease in food
intake and loss of body weight, but failed to alter the temperature increase and the decrease
in communicative activity in rats. This result may indicate a multifactor etiology where 5-HT
doesn’t act the main role.

Also direct interactions between cytokines and brain regions have been studied: in fact, IL-
1α injection increases 5-HT concentrations in the CA1 area of the hippocampus of laboratory
animals (Broderick, 2002) while IL-1beta inhibits neuronal activity and neuronal plasticity at
the hippocampal CA1 synapses (Ikegaya et al., 2003). The inhibitory activity of IL-1beta is
known also for the dendrites in raphe nuclei of guinea pigs (Manfridi et al., 2001).

In conclusion IL-1 interacts with several neurotransmitters, e.g. 5-HT, NE at different neu-
roanatomical levels hypothalamus, hippocampus with an impact on several systems, such as
HPA axis.

Depression is accompanied by an enhanced production of pro-inflammatory cytokines
including interleukin-6 (IL-6), but also stress or negative stimuli could cause a dysregulation
in the pro-inflammatory cytokines and specifically of IL-6. Its overproduction in stressful con-
ditions is partially determinated by the activation of the beta-adrenergic receptors normally
elicitated in such conditions.

IL-6 overproduction together with IL-1 may activate the HPA axis in releasing corticotropin-
releasing factor (CRF) and cortisol by increasing prostaglandin E2 production (Song, 2000). IL-
1 and IL-6 share common tasks and similar effects both in the periphery and in the central
nervous system with alterations in the neurotransmission including 5-HT and dopamine. Even
though certain studies don’t show any changes in the 5-HT system after IL-6 i.p. injection,
others report an increase of a 5-HT catabolite, 5-hydroxyindolacetic acid (5-HIAA) (Zalcman et
al., 1994), although with an extent less prominent than that noticed after IL-1 administration.
IL-6 and IL-1 may have synergistic effects during mild stress (air puff) in animal models (Song,
2000).

IL-6 seems to exert a more relevant influence on dopamine levels. IL-6 i.p. injection pro-
vokes a decline in the extracellular concentrations of dopamine, after 30 minutes, with an
enduring effect up to 2.5 hours (Song, 2000). The effects produced by IL-6 on cerebral neuro-
transmission do not seem to follow a bi-directional path, at least in healthy individuals. In fact
acute depletion of tryptophan or tyrosine (with the subsequent decrease in the 5-HT or cate-
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cholamines levels) does not seem to affect IL-6 production or to impact the ratings of lowered
mood (Harrison et al., 2002).

Stastny et al. (2003) carried out a similar experiment in a population of depressed patients
affected by seasonal affective disorder. They found that, even though, plasma levels of IL-6
and cytokine receptors such as TNF-R1, TNF-R2 were not significantly altered by monoamine
depletion, an increased production of neopterin and lowered values of IL-4 soluble receptor
(sIL-4r) were noticed. These changes had a time course manner and were associated to an
increase in ratings of depressive symptomatology. These results seem to indicate that eleva-
tions in neopterin levels and decreases in plasma tryptophan levels have a parallel time
course together with significant lower levels of sIL-4r. In other terms it seems that tryptophan
depletion along with an impairment of brain 5-HT is related to an activation of a cell-mediat-
ed immunity (increased neopterin) and an exacerbation of depressive symptoms accompa-
nied with lowered values of an anti-inflammatory cytokine (sIL-4r).

IL-6 has also a central role during inflammation. This cytokine plays a pivotal role in pro-
moting the production of the C-reactive protein (CRP), which constitutes an important risk
factor for myocardial infarction. Individuals with high levels of both IL-6 and CRP are found to
have a 2.6 times probability to die over a 4.6 year period than those who had low levels of
both. IL-6 and CRP may play a role in different diseases associated with disability among older
adults such as Alzheimer disease or simple aging (Bonaccorso et al., 1998). Elevated levels of
IL-6 may slow muscle repair and accelerate muscle wasting after an injury. According to this
theory the presence of IL-6 might be associated with self-rated health (Kiecolt-Glaser, 2002).

These findings show a tight relation between IL-6, HPA activation, dopaminergic and nora-
drenergic systems.

Interleukin-2 (IL-2) is mainly produced by T-lymphocytes (CD4+, CD8+) and B-lymphocytes.
Its administration to humans gives one of the most strong and direct evidence of the potent
neuropsychiatric side effects of immunotherapy. Interleukin-2 has been used widely and for a
long time to treat patients affected by metastatic cancer. Reports about its side effects are
dated mid 80’s and they mostly showed loss of energy, malaise, and fatigue and decreased
food intake, only few were designed to carry out the neuropsychiatric effects of IL-2. Denicoff
(1987) studied 44 patients with metastatic cancer treated with IL-2 alone or in combination
with activated killer cells and found that 15 of the 44 showed severe behavioral changes such
as severe agitation that necessitated treatment and physical restraints or emergency psychi-
atric consultation. Another study by Buter (1993) reported depression after high dose of IL-2.
Fourteen of 61 patients experienced neuropsychiatric symptoms. More recently Konsman et
al. (2002) found that the 30-45% of individuals affected by cancer or viral hepatitis C develop
depressed mood, anhedonia anxiety and cognitive impairment when administered with
interleukin 2 or interferon-alpha.

Capuron et al. (2002) found that administration of IL-2 to cancer patients or to patients
affected by viral diseases leads to the development of depressive symptoms and to an
increase in MADRS scores and a decrease in tryptophan serum concentration. Tyrosine, anoth-
er essential amino acid for catecholamines metabolism, did not change significantly during
IL-2 treatment while tryptophan concentration significantly decreased. These lowered values
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were associated to the development of suicidal ideation, anorexia, pessimistic thoughts and
loss of concentration (Capuron et al., 2002). The depressive symptoms are accompanied by
cognitive disturbances and neurovegetative symptoms such as loss of appetite, fatigue or
altered sleep. More specifically depressive symptoms and fronto-subcortical-like cognitive
alterations develop early (first week of treatment) when patients are given interleukin-2; and
later, after 4-8 weeks of treatment, when administered with interferon-alpha (Capuron et al.,
2003).

The causal role of interleukin-2 in the pathophysiology of depression might be explained
by the activation of IDO. IL-2 together with IL-1, interferon-gamma (IFN-gamma), and inter-
feron-alpha (IFN-alpha) induces the activation of indoleamine 2, 3-dioxygenase (IDO). IDO is
the major tryptophan-catabolizing enzyme in the brain, kidney, lung, spleen, and duodenum,
immune cells and induces the catabolism of tryptophan to kynurenine. Over stimulation of
IDO determines tryptophan depletion in plasma and therefore reduces the synthesis of 5-HT
in the brain (Bonaccorso et al., 2000).

The findings reported above seem to give a positive confirmation about a causal role of
cytokines in the pathophysiology of major depression. Tight and complex are the interactions
between the alterations in the HPA axis, the dysfunctions in the serotonin neurotransmission,
brain and behavior.

The behavioral effects of cytokines were studied initially with IL-1 which was shown to
induce, in experimental animals, a specific behavioral complex, called “sickness behavior”
characterized by locomotor retardation (Lacosta et al., 1998), hyperalgesia (Maier et al., 1993;
1995), anorexia, soporific effects, and inhibition of sexual behavior in female rats (Anisman et
al., 1998). Several authors (Anisman et al., 1999; Dantzer 2001; Konsman et al., 2002) showed
the adaptive role of the “sickness behavior” not only as a reflection of a malaise but also as
the result of “a centrally-mediated motivational state”. Let’s take anhedonia as one of the
most representative symptom of depression in humans. If we consider anhedonia as a
“diminution in perceived reward or pleasure from otherwise rewarding stimuli or responses”
we have to take in account the considerably reduced consumption of palatable substances in
animals injected by IL-1beta or the bacterial endotoxin, lipopolysaccharide (LPS). This consti-
tutes an attempt to give a valid translation in animal experimental models of what is the
most common sign and symptom in depression. This kind of paradigm does not completely
succeed in the aim of dissociating the anorexic and anhedonic effect of IL-1beta injection.
Merali et al. (2003) tried to improve this model by using a progressive ratio schedule, accord-
ing to which animals need to progressively increase the amount of work needed in order to
obtain a fixed reward. This paradigm may be more accurate in describing the potential anhe-
donic effect of IL-1 beta.

Peripheral and central injections of recombinant rat IL-1 have been shown to decrease
social exploration in rats (Bluthe et al., 1996) and this has been put in relation to a marked
increase in extracellular corticosterone levels in the hippocampus (Linthorst et al., 1995, 1997).
In rats, acute and chronic administration of IL-1beta significantly increase the latency of
escape to a foot shock at the shuttle box (a model for anxiety- and depression-like behavior
in animals), whereas repeated IL-1beta administration does not induce a sensitization of these
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behavioral responses (Bonaccorso et al., 2003).
The sickness behavior is not the only effect produced by IL-1 injection: weight loss, fever

and depression in social behavior constitute others signs. In fact IL-1 is not the only interleukin
which may induce behavioral changes. Similar effects are obtained by administration of IL-2
to animals (Anisman et al., 1998). Also, it’s interesting to know that infecting healthy mice
MRL+/+, C3H.SW and Balb/C with adenovirus vector carrying cDNA for murine IL-6 deter-
mined increased sustained serum IL-6 levels over 5 days, and a rapid decline in preference for
sucrose, suggesting that sustained IL-6 production is an early mechanism in the behavioral
and motivation/emotional alterations during chronic inflammatory conditions (Sakic et al.,
1997). In humans, a low dose of IL-6 (0, 5 microgram/Kg body wt) is associated with increased
ratings of fatigue, inactivity and difficulties concentrating (Spath-Schwalbe et al., 1998). Also
interferons exert behavioral effects in animals. In mice, human interferon-alpha injected i.v.
increased the immobility in the forced swimming test, a test regarded as an animal model of
depression and the increased in the immobility thought to indicate “behavioral despair”
(Bonaccorso et al, 2000).

We have to underline the fact that all the alterations mentioned above are not specific of
major depression if taken singularly. For example, IRS activation as described above is not a
specific marker for major depression. In fact, it can be found in others disorders like schizo-
phrenia, bipolar disorders, mania, psychological stress, somatization disorders, anxiety and
post-traumatic stress disorder (PTSD) (Maes personal communication, 2003). HPA axis is acti-
vated also during stress and not only during mood disturbances and the same can be said for
serotonin neurotransmission.

Plus, it cannot be traced a unidirectional relation between specific cytokines and a specific
behavioral complex or symptom. In fact several cytokines contribute to the same manifesta-
tions. Anyhow the combined non-specific dysregulation in IRS, HPA axis, and serotonin system
might indicate a specific pattern for major depression disorder.

Examples of this variability can be found in the second and third chapter where it’s shown,
for fibromyalgia patients, the absence of the activation of the IRS but a dysregulation of the
serotonin metabolism with lowered tryptophan concentration; while, for Alzheimer’s
patients, the results show no significant alterations in the availability of tryptophan to the
brain but signs of activation of IRS. The combined, non-specific but peculiar pattern of a dys-
regulation in IRS, HPA and serotonin system is illustrated in the fourth, fifth and sixth chap-
ter, where are reported the most recent data shown in the international literature on the
effects of immunotherapy with interferon-alpha in experimental animals and humans, the
alterations of the serotonergic metabolism after repeated administration of interferon-alpha
in patients affected by hepatitis C and the subsequent modifications of the cytokine network.
The hypothesis  pertaining the correlation between these two latter systems and the depres-
sive symptomatology shown by these patients is fully explained in the sixth chapter while the
characteristic psychopathology reported by these people is described in the last chapter
where it is pointed out the difference with the classic core of symptoms of depression as nor-
mally known.

The seventh and the eight chapters give additional informations about the detailed picture
describing the links between depression, cytokine network and neurotransmitter alterations.
These two chapters show the role of two enzymes DPP-IV and PEP which modulate the activ-
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ity of some cytokines and neuroactive peptides and which are related to the depressive symp-
tomatohology shown by patients affected by hepatitis C and treated with IFN-alpha in an
inverse correlation. Lowered activity of these enzymes at the baseline can predict higher
depressive and anxiety ratings during IFN-alpha based immunotherapy.

The first chapter shows the difference between acute, repeated and chronic administration
of cytokines (IL-beta) on experimental animals on depression behavior resulting that only the
acute and chronic administration increase the latency of escape to a foot shock in the shuttle
box escape model.
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Discussion

The immune system is  triggered not only in major depressive disorder but also in other dis-
eases where depression  is present in comorbidity or as a clinical symptom, such as somatiza-
tion disorder (Rief  et al., 2001), fibromyalgia (Bonaccorso et al., 1998), or for example in a
group of detoxified chronic alcoholic patients without apparent liver disease (Maes et al.,
1998), or a subgroup of patients affected by sleep disorders (Song et al., 1998) and patients
with Alzheimer Disease (Bonaccorso et al., 1998).

In the somatization disorder (Rief  et al., 2001), the concentrations of CD8 (a molecule
secreted by activated T-lymphocytes) and IL-6 (a pro-inflammatory cytokine) were signifi-
cantly lower than the ones obtained in the group affected by major depression or healthy
controls, while the receptor for IL-6 (IL-6R) had lower concentrations in the depression group
than in the somatization group. The natural immunosuppresor and anti-inflammatory secre-
tory protein Clara cell 16 KD protein (CC16) was found to be significantly increased in patients
affected by somatization syndrome than controls or patients affected by major depression.
The receptor antagonist for IL-1 (IL-RA) was significantly elevated in all patients groups com-
pared with controls. In this study immunological states of somatizing patients are signifi-
cantly different from those of depressive patients, so in conclusion even if an immune activa-
tion is present this is consistently different from the one described for major depression. It’s
necessary to highlight this specificity in order to achieve a complete analysis of psychiatric
clinical manifestations and the biological markers.

In fibromyalgia (Bonaccorso et al., 1998), even though there are not signs of immune acti-
vation as assessed by means of neopterin excretion in urine and, by inference, the comorbid-
ity between both disorders and the presence of depressive symptoms in fibromyalgia patients
may not be related to activation of cell-mediated immunity; however, lower concentrations of
plasma tryptophan were observed. Moreover, a significant inverse correlation between tryp-
tophan concentrations and morning pain responsiveness in those patients may suggest a
direct involvement of lower tryptophan availability in the symptomatology of the disease. It
is well known that cytokines, such as IFN-gamma, IL-1 and IL-2 may induce indoleamine 2, 3-
dioxygenase (IDO), a key enzyme which catabolizes tryptophan. Immune activation is accom-
panied by a decreased availability of tryptophan to the brain due to IDO-induced catabolism
of tryptophan. Thus, the findings that there are no significant alterations in neopterin excre-
tion, an index of IFNgamma-induced macrophage activity, do not exclude the existence of
immune activation related to other pro-inflammatory cytokines, like IL-1 and IL-2.

In the group of detoxified alcoholic patients apparently without liver disease (AWLD) (Maes
et al., 1998) significantly increased serum IL-8 concentrations and a trend toward higher IL-6
concentrations were found. IL-8 is produced by IL-1 and TNF-alpha induced monocytes,
macrophages, neutrophils, endothelial cells, fibroblasts, hepatocytes and exerts a chemotaxic
activity not only on neutrophils but also on eosinophils, basophiles, natural killer cells and
lymphocytes. Thus increased serum IL-8 in detoxified AWLD is another indicant of activation
of the IRS. Another important finding is that serum IL-1RA is significantly higher in detoxified
AWLD patients than in non-alcoholic control subjects. IL-1RA is mainly derived from mono-
cytes and is secreted, following activation, along with IL-1. Thus increased IL-8, IL-6 and IL-1 RA
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levels support the thesis that detoxification in AWLD patients is accompanied by an activa-
tion of the monocytic arm of cell-mediated immunity. Moreover, the lowered serum concen-
tration of CC16, a molecule with immunosuppressive, anti-inflammatory, and anti-cytokine
activities with inhibitory effects on phospholipase A2 activity and on the IL-2 related produc-
tion of IFN-gamma, in detoxified alcoholic AWLD patients are supporting evidences of an acti-
vation of the IRS.

In the subgroups of patients affected by primary sleep disorders (Song et al., 1998)
increased serum concentration of IL-6, IL-8, IL-1RA and an increased stimulated production of
PGE2 were found. Alterations in sleep pattern like sleep deprivation or excessive daytime
sleepiness are related to an increased IL-1, IL-2, IL-6, TNF-alpha as well as PGE2 concentrations
(Norman et al., 1992; Vgontzal et al., Dinarello, 1987). The interaction between cytokines and
sleep seems to be reciprocal. It has also been proposed by Pollmacher et al. (2002) a model
according to which normal circulating levels of cytokines at physiological concentrations (in
the order of the nanomolar concentrations) can promote physiological human functions such
as the sleep-wake cycle while increased levels of circulating cytokines like TNF-alpha may
induce a progressive decline in REM sleep amount.

Signs of activation of IRS such as increased concentrations of IL-6 were also found in
patients affected by Alzheimer’s disease (Bonaccorso et al., 1998). This finding commensu-
rates with earlier studies which described the implication of the inflammatory response sys-
tem in the pathogenesis of DAT (Aisen et al., 1994; McGeer et al., 1995). In this respect, it has
been hypothesized that DAT may result from an autoimmune process, characterized by either
local or systemic increases in IL-6 production, which induces alpha2-macroglobulin to alter
the processing of amiloid precursor protein and, consequently, the disposition of amiloid beta
protein within the senile plaques.

Except for DAT and AWLD patients, in all the other groups studied, lowered values of plas-
ma tryptophan and tryptophan/CAA ratio were found, along with IRS activation. For the
patients affected by primary sleep disturbance these results were also accompanied by an
inverse relationship between the availability of tryptophan to the brain and signs of the
inflammatory system response activation, such as increased serum IL-6 and IL-1 RA indicating
an enhanced catabolism cytokine-induced (IL-2 or IFN-gamma, IL-1) of tryptophan. Therefore
the lowered availability of tryptophan might intervene with the serotonin neurotransmission
and participate to the onset of mood disturbances.

In detoxified AWLD patients the negative results might be explained by the major
upheavals in IRS function in AWLD that could have blurred any relationship between the IRS
and plasma tryptophan. For DAT patients the results that show no significant alterations in
the availability of tryptophan to the brain might suggest that the well documented seroton-
ergic abnormalities in brain of DAT patients are probably not related to changes in the avail-
ability of tryptophan but on others serotonergic functions.

The results mentioned above show how the immune activation reflects a non-specific asso-
ciation to mood disturbances. However even if some of the variables found, such as IL-1RA,
(Rief et al., 2001) showed positive correlations with other disorders where the depressive
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symptomatology is highly present in comorbidity such as somatization disorder, fibromyalgia,
AWLD patients, DAT patients anxiety and sleep disorders, the presence of an immune activa-
tion cannot be taken as an unequivocal sign for depression. The biological changes involved
in the pathophysiology of mood disturbances reach much higher complexity where a deter-
minant role seems to be played by the serotonin neurotransmission and the alteration of the
endocrine hypothalamic-pituitary-adrenal axis.

The updated information about this argument is summarized by a recent review (Anisman
et al., 2003), which describes how severe depressive illness is frequently accompanied by signs
of activation of the monocytic and T-lymphocitic arm of cell-mediated immunity; and by
increased production of proinflammatory cytokines  such as IL-1 and IL-6 which elicit sickness
behavior in animals and symptoms of anxiety or depression in humans; and by changes in the
neuroendocrine function and central neurotransmission induced by cytokines  implicated in
depression.

An interesting example of the complex interactions described above might be interferon-
alpha.

Interferon-alpha has been widely used for therapeutic purposes to treat patients affected
by cancer or chronic viral diseases. Its administration alone or along with interleukin-2 has
been reported strongly related to mood disturbances (Capuron et al., 2002). Depression or
mood abnormalities induced by interferon-alpha immunotherapy normally occur after the
first month of treatment while flu-like symptoms, fatigue, anorexia are normally detected
earlier. Capuron (2002) searched for depressive symptoms after five days of IFN-alpha treat-
ment with negative results. In fact, depression is not the only side effect related to IFN-alpha
immunotherapy. In a wide survey on 642 patients affected by melanoma (Kirkwood et al.,
2002), flu-like symptoms, elevated liver enzymes along with hypertrygliceridemia, fatigue,
anorexia, myelosuppression, dermatological reactions were found to be symptoms correlated
to IFN-alpha therapy in a dose-, time- and route of administration- depending manner.
Fatigue was reported in 96% of patients. This finding is confirmed by another study (Malik et
al., 2001) where fatigue was found to be the most common of the constitutional side effects,
reported in the 70-100% of patients receiving IFN therapy and requiring a dose reduction in
10-40% when an interruption wasn’t necessary. Since there is a consistent percentage of
patients’ interrupting the therapy because of the side effects, informative sessions and a ther-
apeutic alliance between general practioner, psychiatrist and patients are required.

How interferon-alpha could interact with the central nervous system (CNS)?
Interferons (α and γ) can enter the CNS from the periphery in a regional selective manner

(Pan et al., 1997). The permeability of the spinal cord is higher than that of the brain and for
each region the permeability to IFNα is greater than that to IFNγ. The mechanism involved
seems to be “endothelial transcytosis”. Yamada et al. (1995) found IFNα receptors in microglia
cells as well as in macrophages in cerebral infarct areas. Another system might be constitut-
ed by its production within the CNS; in fact, in vitro experiments showed that astrocytes pro-
duce IFNα when treated with Newcastle disease virus (Lieberman et al., 1989). In Sprague-
Dawley rats IFNα modulated the majority of the hypothalamic (70%), amygdala (76%),
hippocampus (75%) and cortical (82%) cells whether the route of administration was within
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the brain or given peripherally (i.v. or i.p.). IFNα in general suppressed the hypothalamic neu-
ronal activity while accelerating neuronal activity in all the other CNS sites (Dafny et al., 1996;
Raber et al., 1997).

In addition, IFNα may modulate physiological functions through opioid receptors (Menzies
et al., 1992), and it seems to play an antagonistic role with naloxone in binding to membrane
sites. IFNα‘s interaction with opioid receptors could explain the attenuation of morphine
withdrawal symptoms when IFNα is injected systemically one hour before naloxone (Dafny
et al., 1988). Naloxone reduces the IFNα increased immobility time in the forced swimming
test in the mouse (Makino et al., 2000). These evidences indicate that IFNα may modulate
many functions in the central nervous system.

IFN-alpha treatment was also the object of the study we performed: 18 patients affected by
chronic hepatitis C undergoing to an IFN-alpha treatment were evaluated before starting the
treatment, 2 weeks after, 4 and 6 months after. The results showed (Bonaccorso et al., 2002) a
significant increase in MADRS and HAM-A scores within 1 month after starting immunother-
apy with IFN-alpha and that the depression and anxiety scores further increased during
treatment up to 6 months where the protocol evaluation ended. These findings are in agree-
ment with previous reports showing that IFN-alpha based immunotherapy increases depres-
sive ratings and induces full-blown major depression in a considerable number of patients.
Some authors argued that immunotherapy with IFN-alpha may aggravate the severity of pre-
existing symptomatology, such as anxiety, depression, fatigue and impaired concentration.
Patients with a subclinical symptomatology may be more predisposed to IFN-alpha induced
mood disturbances. However IFN-alpha induced major depression may also occur in a popu-
lation with no subclinical symptoms and without a history of psychiatric disorders (Capuron
et al., 1999; Rosenstein et al., 1999).

IFN-alpha seems to possess interesting interactions with the cytokine network as a thera-
peutic agent. In fact it has been found that patients affected by HCV virus who responded
positively to the administration of the interferon-alpha (IFN-alpha) treatment (Naveau et al.
1999; Hayashi et al., 1995) show higher concentrations of sIL-2r than controls but lower than
non-responders and also increased level of interleukin-4 (IL-4) compared to non-responders
(Higashi et al., 1999). Even though the underlying mechanisms cannot be explained it seems
that interferon-alpha treatment might elicit a Th1-type response. This immune response may
help the organism in clearing the virus-infected hepatocytes, and once HCV is completely
eliminated and Th1 cells not activated any longer, it may allow the Th2 system to reach high-
er levels and ameliorate the tissue-damaging effects of immune response. IFN-alpha is able
to promote the cytokine network, in particular IL-6 which was significantly and positively cor-
related to therapy-induced increases in MADRS and HAM-A scores. This result shows that the
correlation between IL-6 and clinical expression of depressive symptoms may give also posi-
tive confirmations to the role of IL-6 as possible clinical indicator of future development of
depressive symptomatology.

Although the hypothesis of a direct correlation between the IFN-alpha therapy the activa-
tion of the cytokine network and the depressive clinical symptomatology remains highly
speculative, this represents a suggestive perspective. In our study we found that prolonged
treatment with IFN-alpha increases also serum IL-10 (for a 6 months period evaluation) and
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serum IL-6 and IL-8 (for 2-4 weeks).
From our results it appears that IFN-alpha based immunotherapy induces the cytokine

network as a whole rather than Th-1 vs. Th-2 cytokines (Bonaccorso et al., 2001). A possible
explanation for the contradictory results is that the capacity of IL-10 production varies accord-
ing to the genetic composition of the IL-10 locus while in most studies the IL-10 gene pro-
moter polymorphism was not determined.

IFN-alpha directly or indirectly, may affect 5-HT metabolism and, thus, may induce depres-
sion. In fact plasma tryptophan (Bonaccorso et al., 2002) has been found to be significantly
reduced and serum concentrations of kynurenine significantly increased during immunother-
apy with IFNα. The ratio between kynurenine and tryptophan also represents an indicator of
serotonin metabolism. In our study, the K/T quotient was significantly increased during IFNα-
based immunotherapy. These findings suggest that IFNα-based immunotherapy increases
the catabolism of tryptophan to kynurenine. IFNα, may induce indoleamine 2, 3 dioxygenase
(IDO) (Taylor, 1991), the major tryptophan catabolizing enzyme in the brain, kidney, lung,
spleen, duodenum and immune cells. While IFNγ directly induces IDO, IFNα has a weak direct
effect and an indirect effect through a 15 kD protein, a product of IFNα-treated monocytes
and lymphocytes that stimulates IDO and IFNγ production (Recht at al., 1991). Thus, activation
of the IRS characterized by Th-1-like T cell activation with hyperproduction of interferons
induce IDO and, consequently, stimulates the catabolism of tryptophan, therefore decreases
5-HT availability and impairs the neurotransmission (Widner, 2000). It has been questioned
whether plasma tryptophan might reflect the brain availability. Nevertheless, the influx of
tryptophan into the brain depends on the plasma concentrations of all tryptophan, i.e. free
and/or total, as well as on the concentrations of albumin (70-90% of tryptophan is loosely
bound to serum albumin) and the CAAs, as reflected by the tryptophan/CAA ratio (Curzon et
al., 1975; Yuwiler, 1977).Thus, decreases in plasma tryptophan may reflect a decreased avail-
ability of plasma tryptophan to the brain. Interestingly, IFNα-based immunotherapy has a sig-
nificantly stronger effect on plasma tryptophan and on the K/T quotient in women than in
men (Bonaccorso et al., 2002). These findings suggest that the catabolism of tryptophan into
the kynurenine pathway is more sensitive to induction by pro-inflammatory cytokines in
women than in men. These results are also in agreement with previous findings that the low-
ered availability of plasma tryptophan is more pronounced in depressed women than in
depressed men (Maes & Meltzer, 1995). These gender-related effects in the serotonergic sys-
tem could play a role in the increased susceptibility of women to develop depression.

Noticeable is the fact that in our study also plasma levels of 5-HT were significantly dimin-
ished during IFN-alpha treatment. In animal and in vitro experiments, IFNα was found to have
a suppressant effect on the 5-HT concentrations. In Wistar rats, decapitated 2 h after i.c.v.
injection of IFNα, the levels of 5-HT were significantly reduced in the frontal cortex in a dose-
dependent manner, and the levels of both 5-HT and 5-HIAA, the major 5-HT catabolite, were
reduced in the mid brain and the striatum (Kamata, 2000). In mice, IFNα for 3 h increase the
levels of the 5-HT transporter mRNA in the midbrain and adrenal glands (Morikawa, 1998).
Treatment with IFNα for 3 h increases the levels of 5-HT transporter mRNA in human placen-
tal choriocarcinoma cells (BeWo cells) and this effect is inhibited by treatment with actino-
mycin D, an inhibitor of transcription (Morikawa, 1998). Exposure of primary carcinoid cell cul-
tures with and without IFNα pretreatment to radiation (2 Gy and 8 Gy) showed that
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irradiation alone has no significant effect on the 5-HT content of the medium and that when
cells were preincubated with 1,000 IU/ml IFNα irradiation with 8 Gy induced a significant
reduction of 5-HT concentrations in the medium on day 12 to 54.9 (Jacobsen, 1993). First, IFNα
significantly increases both the Kd and Bmax measures of [3H]8-OH-DPAT binding at low-
affinity binding sites, but not at the high-affinity sites (Abe, 1999). These results suggest that
IFNα affects the low-affinity 5-HT1A receptors sites. Acute (1 h) intraperitoneal and intracere-
broventricular treatment with IFNα significantly inhibit wet-dog shakes induced by (+/-)-1-(2,
5-dimethoxy-4-iodophenyl)-2 aminopropane (DOI; 0.5, 1.0 mg/kg), which is mediated by 5-HT2
receptor in rats (Kugaya, 1996). Thus, not only IFNα-induced catabolism of tryptophan to
kynurenine and diminished 5-HT levels, but also changes in 5-HT1A receptor characteristics
and 5-HT2 receptor function may be involved in the development of IFNα-induced depressive
symptoms. Thus, the above results suggest that the IFNα-induced depressive symptoms may
arise through depletion of peripheral and central 5-HT, which in part may be related to
changes in the 5-HT transporter transcription and the uptake activity of the 5-HT transporter
or IDO activation and also might be related to changes in serotonin receptors activity and
affinity.

IFN-alpha does not only affect the cytokine network and the 5-HT neurotransmission, but
also the HPA axis. Interestingly, IFNα has been reported to induce the release of corticotropin
releasing factor from neurons in the hypothalamus (Shuto, 1997). Increased CRH levels are
found in patients with depression. The selective CRH1 receptor antagonist, CP-154526, shows
antidepressant like effect in rats with stress-induced depression-like behavior (Catalan et al.,
1998; Mitchell, 1998; Mansbach et al., 1997). A study by Yamano and coworkers (2000) illus-
trated the activation of the CRH1 receptors and therefore of the HPA axis mediated by IFN-
alpha, suggesting an involvement of this cytokine in depression-like behavior in animals. The
pretreatment with indomethacin and naloxone did not inhibit the activation of the CRH1
receptor indicating that prostaglandins and opioid system do not participate in this process.
Moreover, a study conducted by Juengling (2000) and coworkers reported a hypometabolism
in the frontal cortex in patients undergoing IFN-alpha treatment and these changes covaried
with depression scores. The hypometabolism of the frontal cortex is an evidence normally
found in depressed patients and in this case it might represent also a “vulnerability factor” for
the development of depressive symptomatology of patients treated with IFN-alpha.

Summarizing, the IFN-alpha activities unveil: 1) impact on the cytokine network; 2) modu-
lation of the serotonergic neurotransmission; 3) activation of the HPA axis. The above results
suggest that IFNα should be considered a neuromodulator.

It has been questioned (de Beaurepaire, 2002) whether depression induced by cytokines is
a typical depression. The essential features described by Freud were the feelings of worth-
lessness and guilt normally observed in melancholic patients and the persistence of these
across time. We found that (Bonaccorso et al., 2002) prolonged IFN-alpha treatment may
induce mood disturbances in 40.7% of the population examined with significantly increases
sadness (expressed, unexpressed), irritability, insomnia, loss of appetite and asthenia. Even
though the administration of a psychometric scale cannot entirely translate the clinical
descriptions of depressive symptomatology, the results reported above indicate the absence
of the classical core symptoms described by Freud. From this point of view, the depressive
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state occurring during cytokine therapy is more likely to belong to the DSM-IV category of
“depression related to a general medical condition” (DSM-IV, 2001). Other findings (Owen et
al., 2001) show that depression whether induced by infections (“organic” or “mood disorder
due to a medical condition”) or not (major depression, according to DSM-IV criteria, excludes
all possible organic etiologies) is related to an increased production of cytokines (in particu-
larly of IL-1beta and IL-6). Until now cytokines have been indicated as responsible at least for
the vegetative symptoms of depression such as insomnia, weight loss, loss of appetite, psy-
chomotor retardation, asthenia but further investigations are required to elucidate the asso-
ciation between cytokines and mood disorders.

We have to report the tremendous efficacy showed by antidepressive drugs in treating the
depression occurred in patients treated with high dosage of cytokines such as IL-2 or IFN-
alpha. This finding is evidence in favor of the cytokine theory of mood disturbances cytokine
induced.

Moreover, antidepressants drugs are widely known efficacious treatment for mood distur-
bances but recently they also have been indicated to possess antinflammatory activities. The
main findings obtained in this regard show that clomipramine, sertraline and trazodone have
a significant suppressive effect on IFN-gamma and a significant stimulatory effect on IL-10
secretion by whole blood stimulated with polyclonal activators (Maes et al., 1999). Since an
increased production of pro-inflammatory cytokines such as IFN-gamma, alpha, IL-1beta, IL-2,
IL-6 and TNF-alpha may play a role in the etiology of depression while IL-10 potently sup-
presses the production of pro-inflammatory cytokines; the above findings explain the intri-
cate links and connections in the cytokine network.

However, it might be questioned whether in vitro results might be translated into the in
vivo conditions. It has been shown that subchronic treatment with fluoxetine, an SSRI, nor-
malized the initially increased serum IL-6 concentrations in depressed patients (Sluzewska et
al., 1995) and in animals (Dredge et al., 1999; David et al., 2003). Moreover, Sammut et al.
(2002) found in rats a reversible IFN-alpha induced anhedonia after the administration of
desipramine and fluoxetine. Also, various case reports in humans have shown, in this respect,
that the IFNα-induced major depression may be well responsive to therapy with antidepres-
sants, e.g. selective serotonin reuptake inhibitors and tricyclic antidepressants (Maddrey et
al., 1999; Berk et al., 1999; Goldman et al., 1994).

The first mechanism by which antidepressive drugs may exert their activity is a normaliza-
tion of the serotonergic neurotransmission. T lymphocytes express 5-HT receptors such as 5-
HT1A and 5-HT2A/2C receptors as well as high affinity for 5-HT transporter, whereas
macrophages possess a specific active 5-HT uptake system similar in activity to the observed
for platelets. Moreover, 5-HT has potent negative immunoregulatory effects such as a
decrease in the mitogen-induced T lymphoproliferative response, suppression of DNA lym-
phocyte synthesis, inhibition of the migration of mononuclear lymphocytes, inhibition of T
cell activation of normal spleen and a decrease in the synthesis of TNF-alpha by macrophages.
5-HT1A antagonists and inhibitors of 5-HT synthesis may suppress IL-2 stimulated T cell pro-
liferation and production of Th1-like cytokines including IFN-gamma.

In conclusion, the 5-HT1A and 5-HT2A receptors and their antagonists along with intracellu-
lar 5-HT depletion are able to suppress various aspects of immune action.Thus antidepressant
drugs, such as tricyclics or SSRIs may be able to exert their antinflammatory activity through
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the serotonergic enhanced neurotransmission and therefore blockade of 5-HT2a/2c receptors 
increased extracellular 5-HT and depletion of intracellular 5-HT stores (Kenis, 2002).

Even if not completely confirmed (for a review see Kenis and Maes, 2002), a second possible
mechanism by which antidepressants might exert their activity on the immune system is the
increase intracellular concentration of cyclic adenosine monophosphate (cAMP). It’s general-
ly believed that pharmacological augmentation of cAMP down regulates the expression of
pro-inflammatory cytokines such as IFN-gamma and TNF-alpha and increases IL-10. Therefore
cAMP levels induced by antidepressant treatments might exert in a decreased production of
IFN-gamma and an enhanced secretion of IL-10.

In conclusion, accumulating evidence indicates that major depression is associated with an
enhanced production of pro-inflammatory cytokines. Still it needs to be elucidated whether
these cytokines may play a causative role. The role of antidepressant drugs in major depres-
sion manifested during cytokine therapy constitutes a positive clinical response to mood dis-
orders for patients necessitating administration of high dosage of cytokines but still further
researches are required to establish the exact correlation between these, the cytokine net-
work and central neurotransmission.

Additional studies could be performed with the technique of the microdialysis to under-
stand the neuromodulatory function of cytokines on monoamine dynamics, such as the
dopaminergic and serotonergic and noradrenergic changes in the amygdala, dorsal raphe
nucleus, and prefrontal cortex after chronic administration of IFN-alpha (or any other signifi-
cant cytokine) to experimental animals in order to elucidated cerebral modifications not oth-
erwise understandable.

Also, the clinical impact of antidepressants on subjects developing a depressive sympto-
matology during cytokine therapy needs to be clarified. Preliminary data on a group of
patients affected by multiple sclerosis and major depression during treatment with IFN-beta
showed a drastic reduction in HAM-D and HAM-A scores after a four months period of  ser-
traline treatment (Bonaccorso, SOPSI 2003, Personal Communication).
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centrale zenuwsysteem. Deze wederzijdse interactie duiden op een belangrijk gebied voor
onderzoek dat kan leiden tot nieuwe inzichten in de etiologie van neuropsychiatrische aan-
doeningen. In dit proefschrift wordt de complexe relatie tussen het immuunsysteem, de
endocriene functie, de hersenen en het gedrag van patiënten beschreven die aan hepatitis C
lijden en een depressieve symptomatologie vertonen, en daarvoor worden behandeld met
interferon-alpha (IFN-alpha),. In dit proefschrift wordt een neurochemische hypothese
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