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KEYWORDS Summary  Enhanced activity of the hypothalamic-pituitary-adrenal (HPA) axis,
Major depression; involving elevated secretion of corticotropin-releasing hormone (CRH), is considered
HPA axis; a key neurobiological alteration in major depression. Enhanced CRH secretion is also
Sleep EEG; believed to contribute to the typical sleep alterations and the clinical presentation of
Serotonin; major depression.

Cytokines; While it is acknowledged that HPA overdrive and hypernoradrenergic function is
Atypical features associated with melancholic depression, there is growing evidence that hypoactivity

of the HPA axis and afferent noradrenergic pathways is present in patients with
atypical features of depression. The clinical relevance of such a differentiation is
highlighted by findings which suggest distinct responses to pharmacological
treatments. Moreover, it has been reported that female patients respond better to
selective serotonin re-uptake inhibitors (SSRI) than tricyclic antidepressants.
Interestingly, the female predominance among patients with depression seems to
be restricted to the atypical subtype.

Besides HPA axis activity, distinct alterations of the serotonergic system may also
play a critical role for the melancholic and atypical phenotypes, namely a reduced
restrained via 5-HT;, autoreceptors in the former and primarily reduced serotonin
synthesis in the latter. Moreover, there is evidence for an immune activation in
patients with depression, the extent and duration of which may be distinguishable for
the melancholic and the atypical subtype. In this regard, lessons can be learned from
depressive symptoms in patients with autoimmune disease, associated with different
alterations of the HPA axis, and in patients undergoing cytokine therapy.

In conclusion, the available data today suggest that clinically relevant differences
in the underlying pathophysiology in patients with depression exist. The identifi-
cation of distinct endophenotypes for major depression will not only improve our
understanding of the disease, but will also contribute to more specific treatment
strategies.
© 2005 Elsevier Ltd. All rights reserved.
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regard to hypothalamic-pituitary adrenal (HPA) axis
activity, immune functions and the treatment
response (Kornstein et al., 2000a; Gold and Chrou-
sos, 2002; Murck, 2003; Murck et al., 2005). As early
as 1992, Chrousos and Gold put forward the
hypothesis that sustained stress system dysfunc-
tion, characterised by either hyper- or hypoactivity
of the HPA axis, play a role for various pathophy-
siologic states, including a range of psychiatric,
endocrine and inflammatory diseases (Chrousos and
Gold, 1992). The HPA axis, in turn, plays a critical
role for sleep regulation, which is distinctly
disturbed in patients with typical symptoms of
major depression (Kupfer, 1995; Steiger, 2002).

One effort to clinically define a subtype of
depression with a possibly distinct pathophysiology
and response to treatment is reflected by the
renewed discussion about the concept of atypical
depression (Quitkin et al., 1993; Posternak and
Zimmerman, 2002; Parker et al., 2002; Angst et al.,
2002; Benazzi, 2003; Murck, 2003). Though the
debate regarding the best clinical criteria for
atypical depression continues, the available data
suggest that the neuroendocrine pathophysiology is
different, and even opposite, to that observed in
patients with melancholic depression (Chrousos and
Gold, 1992; Gold and Chrousos, 2002; Murck, 2003).

Another interesting field of research focuses on
the role of immune activation for depressive
disorders (for review see Licinio and Wong (1999),
Leonard (2001), Anisman and Merali (2002)).
Evidence for an association includes data showing
a high incidence of depressive symptoms
in some patients with activation of the inflamma-
tory response system. The latter includes in
particular patients with cancer, infectious and
autoimmune diseases (Garland and Zis, 1991;
Fassbender et al., 1998; Raison and Miller,
2001; Musselman et al., 2001b; Raison and Miller,
2003; Musselman et al., 2003; Feinstein, 2004).
Moreover, cytokine therapies, used for treatment
of hepatitis C and cancer, have been repeatedly
associated with an enhanced incidence of depress-
ive symptoms (Bonaccorso et al., 2001; Musselman
et al., 2001b; Capuron et al., 2002; Schaefer et al.,
2003; Capuron et al., 2003a).

A better understanding of the differences in the
underlying pathophysiology is critical for a classifi-
cation of patients based on one hand on the clinical
presentation and on the other hand on the (neuro-)
biological profile. Ultimately, the identification of
endophenotypes for depression will help to
choose the most appropriate treatment for a
given patient (Hasler et al., 2004). Thus, over the
last years, several publications have suggested
that subgroups of patients with depression may

respond more favourably to one rather than another
antidepressant medication (Quitkin et al., 1993;
Kornstein et al., 2000a; Stewart et al., 2002; Joyce
et al., 2004; Murck et al., 2005). This strategy can,
in turn, contribute to our understanding of the
underlying pathophysiology of subtypes of
depression. Such knowledge may be particularly
useful when exploring phenotype-genotype
relationships. Though most publications today
distinguish primarily the melancholic and atypical
subtype, it is likely that the identification of further
endophenotypes will be possible in the future.

The present review summarises recent findings
on differences with regard to sleep-endocrine and
immunological alterations among patients with
depression. Based on the model proposed by Gold
and Chrousos (Gold and Chrousos, 2002), recent
data on altered regulation of sleep, immune and
serotonin functions are also integrated.

2. HPA axis activity in depressive
disorders

Many studies have shown that a major depressive
episode is characterised by typical neuroendocrine
and sleep-EEG alterations. Overactivity of the HPA
axis, a key neuroendocrine alteration observed in
patients suffering from an acute major depressive
episode, is assumed to reflect an elevation of
hypothalamic corticotropin-releasing hormone
(CRH) and vasopressin secretion (Gold and Chrousos,
1985; Roy et al., 1987; Nemeroff, 1988; Kupfer et al.,
1990; Lauer et al., 1991; Steiger et al., 1994; Buysse
et al., 1997; Holsboer, 1999; Antonijevic et al.,
2000b; Steiger, 2002). Enhanced secretion of CRH is
considered to play an important role for behavioral
symptoms typically associated with major
depression, namely enhanced anxiety, lost respon-
siveness to the environment, a diurnal variation with
depressed mood at its worst in the morning, disturbed
sleep continuity, psychomotor alterations,
decreased appetite and libido as well as cognitive
impairment (Gold and Chrousos, 1985, 2002; Hols-
boer, 1999). The effects of centrally released CRH are
thought to be mediated by CRH-R1 and R2 receptors
in limbic areas such as the hippocampus and the
amygdala as well as afferent neurons in the locus
coeruleus and the dorsal raphe (Holsboer, 1999;
Roozendaal et al., 2002; Gold and Chrousos, 2002;
Bale and Vale, 2003; Thomas et al., 2003). Seroto-
nergic neurons in the dorsal raphe nucleus, as well
as noradrenergic neurons in the brainstem and
the locus coeruleus are important afferents for
the regulation of hypothalamic CRH secretion
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(Cunningham et al., 1990; Vertes, 1991; Valentino
et al., 1993; Calogero, 1995; Dayas et al., 2001).
Moreover, a forward circuit between hypothalamic
CRH neurons and noradrenergic neurons of the locus
coeruleus, which is involved in the stress response,
has been described (Valentino et al., 1992, 1993).
Similarly, a circuit exists between brainstem and
dorsal raphe nuclei and the amygdala complex (Imai
et al., 1986; Vertes, 1991; Van Bockstaele et al.,
1998; Linthorst et al., 2002; Commons et al., 2003).
As projections from the amygdala can stimulate the
HPA axis (Weidenfeld et al., 2002), a vicious circle
may sustain enhanced CRH secretion, hyperactivity
of the amygdala and noradrenergic system in patients
with major depression (Roy et al., 1987; Wong et al.,
2000; Gold and Chrousos, 2002; Drevets, 2003).

The clinical correlate of sustained HPA over-
activity, enhanced amygdala activation and hyper-
noradrenergic function is depression with
melancholic features (Wong et al., 2000; Gold and
Chrousos, 2002). The somatic consequences of
these neuroendocrine disturbances include coron-
ary artery disease and osteoporosis (Schweiger
et al., 1994; Gold and Chrousos, 1999, 2002).

A nearly complete opposite neuroendocrine
disturbance, with reduced HPA activity and CRH
secretion, mediated by an enhanced negative
feedback by cortisol and hyponoradrenergic func-
tion, has been described initially more than 10
years ago (Chrousos and Gold, 1992). Today,
various authors have substantiated the evidence
for HPA hypofunction in a subgroup of depressed
patients (Asnis et al., 1995; McGinn et al., 1996;
Levitan et al., 2002). The associated symptom
cluster, which includes hypersomnia, hyperphagia
and lethargy or fatigue, is referred to as atypical
depression or depression with reversed neurove-
getative symptoms (Thase et al., 1991; Chrousos
and Gold, 1992; Gold and Chrousos, 2002).
However, the validity of this concept remains a
matter of debate, which is addressed in a
separate paragraph.

3. Sleep-EEG findings in depressive
disorders

Typically, patients with major depression report
sleep disturbances (Benca et al., 1992; Kupfer,
1995), which comprise difficulties falling asleep,
remaining asleep and early morning awakening.
Examinations of the sleep-EEG in acutely
depressed patients showed a decrease in slow
wave sleep and overall non-REM sleep duration, a
shortened REM latency, and an increase in REM

density (Kupfer et al., 1990; Lauer et al., 1991;
Steiger et al., 1994; Buysse et al., 1997; Antoni-
jevic et al., 2000b). Animal and human studies
support a critical involvement of central CRH
secretion in these sleep alterations (Ehlers et al.,
1986, 1997; Holsboer et al., 1988; Opp, 1995;
Chang and Opp, 2001; Steiger, 2002). Thus, CRH
disturbs sleep continuity, promotes EEG activity in
the higher frequency range and reduces slow wave
sleep (Ehlers et al., 1986, 1997; Holsboer et al.,
1988; Opp, 1995; Chang and Opp, 2001; Steiger,
2002). Opposite effects have been noted for
hypothalamic growth hormone-releasing hormone
(GHRH), which improves sleep continuity, and
promotes slow wave sleep and EEG activity in the
lower frequency range (Steiger, 2002; Obal and
Krueger, 2004). Hence, sleep-EEG alterations in
patients with major depression have been attrib-
uted to a relative predominance of hypothalamic
CRH over GHRH secretion (Ehlers et al., 1997;
Holsboer, 1999; Steiger, 2002).

The few published studies examining the sleep-
EEG specifically in patients classified as suffering
from atypical depression showed that, unlike in
melancholic patients, sleep continuity was not
disturbed, while changes in REM sleep may be
related to the presence of anxiety (Quitkin et al.,
1985; Wager et al., 1990). The reported hyper-
somnia and fatigue in patients with atypical
features could indicate that more subtle altera-
tions of the sleep architecture occur in this
subgroup.

While the first reports on sleep-EEG alterations in
patients with major depression focused on REM
sleep parameters, in recent years alterations of
non-REM sleep have received increasing attention
(Kupfer et al., 1990; Buysse et al., 1997; Armitage
et al., 2001; Antonijevic et al., 2003). In particular,
alterations of the pattern of delta EEG activity,
which comprises the slow, high-amplitude waves,
have been described (Kupfer et al., 1990; Buysse
et al., 1997; Armitage et al., 2001; Antonijevic
et al., 2003). Normally, delta activity is highest
during the first non-REM period and declines
markedly over the course of the night and with
each subsequent non-REM period. Therefore, the
ratio of delta sleep during the first and the second
non-REM period (initially described by Kupfer and
colleagues and named ‘delta sleep ratio’ (Kupfer
et al., 1990; Kupfer, 1995)) is normally greater than
1. A shift of delta EEG activity from the first to the
second non-REM period or a predominant decline in
delta activity during the first non-REM period results
in a reduced ‘delta sleep ratio’, which has been
described in patients with an acute major depress-
ive episode (Kupfer et al., 1990; Armitage et al.,
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2001; Antonijevic et al., 2003; Jindal et al., 2003).
A reduced ‘delta sleep ratio’ seen during a
depressive episode has been associated with a
higher risk for recurrence of depression (Kupfer
et al., 1990; Kupfer, 1995). In a recent study,
treatment with selective serotonin re-uptake
inhibitors (SSRI) led to a normalisation of the
delta sleep ratio and clinical improvement in
patients with depression (Jindal et al., 2003).

We have shown that pre-menopausal women
with depression showed primarily a reduced ‘delta
sleep ratio’, but otherwise little disturbances of the
sleep-EEG (Antonijevic et al., 2003). Similarly,
another recent study described in adolescent
female patients with depression primarily a
reduction of delta sleep selectively for the first
non-REM sleep period (Armitage et al., 2001). As
the authors hypothesised that this finding could
represent a marker for the chronicity of depression
in young female patients (Armitage et al., 2001), a
reduced ‘delta sleep ratio’ may be a useful marker
to identify early on patients at high risk for
recurrence and chronic course of disease.

4. Immune system alterations
and depressive disorders

The first observations that patients with an acute
major depression show altered immune responses
date back to the late eighties (Darko et al., 1988).
In particular, changes in cellular immunity have
been reported in depression and have been associ-
ated with hypercortisolism (Evans et al., 1988).
Today, several studies reported evidence for an
inflammatory immune reaction during a major
depressive episode and a reduction of pro-inflam-
matory cytokine secretion with clinical improve-
ment during antidepressant drug treatment (Maes
et al., 1994, 1995; Rothermundt et al., 2001; Owen
et al., 2001; Musselman et al., 2001b; Penninx
et al., 2003; Thomas et al., 2005).

Since some of the early studies were based on
small sample sizes and did not always control for
antidepressant medication, it has not been possible
to clearly distinguish patients with atypical vs
melancholic features by their cytokine profile
(Anisman et al., 1999). However, all studies taken
together suggest that an acute depressive episode is
primarily characterised by an acute phase immune
response (Zorrilla et al., 2001), which can further
impair corticosteroid-mediated negative feedback
inhibition of the HPA axis (Schobitz et al., 1994). In
contrast, a chronic course of depression, that has
been associated with atypical features, seems to be

associated with a persistently enhanced secretion
of the pro-inflammatory cytokine interleukin (IL)-
18 (Anisman et al., 1999; Anisman and Merali,
2002). Low HPA activity in these patients may
preclude a normal limitation of the immune
response and thus facilitate a chronic inflammatory
reaction (Elenkov and Chrousos, 2002).

On the other hand, two recent studies in elderly
patients with depression showed an association of
pro-inflammatory cytokine secretion, namely IL-1
and IL-6, and acute phase immune changes, with
depressed mood and depression severity (Penninx
et al., 2003; Thomas et al., 2005). In line with a
previous observation (Anisman et al., 1999), pro-
inflammatory cytokine secretion was strongly cor-
related with the duration of the current episode
(Thomas et al., 2005). These findings suggest that,
at least in elderly patients, both severity and
duration of depressive symptoms contribute to
greater inflammatory cytokine secretion and
hence may increase the risk for somatic conse-
quences (Licinio and Wong, 1999).

An association between immune activation and
depression is also supported by studies describing a
high incidence of depressive symptoms in patients
undergoing immunostimulatory therapies such as
interferon alpha for hepatitis C or IL-6 and IL-2 for
cancer (Bonaccorso et al., 2001; Musselman et al.,
2001a,b; Capuron et al., 2003a,b). Some studies
even noted an association between the extent of
therapy-induced pro-inflammatory cytokine release
and depressive symptoms (Bonaccorso et al., 2001;
Musselman et al., 2001b). In particular elevated
secretion of the pro-inflammatory cytokine IL-6
has been repeatedly associated with typical
depressive symptoms in patients with various
diseases (Bonaccorso et al., 2001; Musselman
et al., 2001b).

Further support for a role of immune activation
for depressive symptoms comes from studies show-
ing a reduction in pro-inflammatory, but increase in
anti-inflammatory cytokine secretion by various
antidepressants, and in particular those promoting
serotonergic transmission (Lin et al., 2000; Leo-
nard, 2001; Maes, 2001; Kenis and Maes, 2002). As
pro-inflammatory cytokines can reduce serotonin
levels as well as tryptophan availability by increas-
ing the serotonin metabolism, it is intriguing that
SSRI have been shown to reduce immunotherapy-
induced depression (Musselman et al., 2001a;
Capuron et al., 2003a). The impairment of seroto-
nergic neurotransmission by immune stimulation
involves activation of the enzyme indoleamine-
2,3-dioxygenase, resulting in a preferential
production of kynurenine and quinolinic acid rather
than serotonin from tryptophan (Konsman et al.,
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2002). The clinical relevance of this altered
metabolism is demonstrated by the inverse corre-
lation between pro-inflammatory cytokine
secretion and availability of plasma tryptophan
(Maes et al., 1994; Song et al., 1998). Moreover, a
greater decrease in serum tryptophan was observed
in patients who developed depressive symptoms
while undergoing immunostimulatory treatment
with IL-2 or interferon alpha (Capuron et al., 2002).

5. On the relationship between the
immune system, HPA axis activity and
sleep regulation in depressive disorders

One mechanism through which pro-inflammatory
cytokines, in particular IL-18 and IL-6, could
contribute to depressive symptoms is via their
stimulation of the HPA axis, including hypothalamic
CRH secretion (Licinio and Wong, 1999; Leonard,
2001; Elenkov and Chrousos, 2002; Capuron and
Dantzer, 2003). Inflammatory cytokines, in turn,
affect sleep regulation in a concentration-depen-
dent manner: while low concentrations promote
slow wave sleep and sleep continuity, high concen-
trations disturb sleep continuity and reduce
the amount of time spent in slow wave sleep
(Mullington et al., 2000; Opp and Imeri, 2001;
Pollmacher et al., 2002). The latter effect involves
elevated secretion of CRH (Opp, 1995). In line with
these data is the observation that the IL-1pB inhibits
the locus coeruleus at low concentrations, but
enhances locus coeruleus activity at high concen-
trations (Borsody and Weiss, 2002). A reduced
activity of the locus coeruleus, in turn, is a
prerequisite for REM sleep and slow wave sleep
(Aston-Jones et al., 2001).

Interestingly, the sleep-endocrine effects of
pro-inflammatory cytokines also depend on the
responsiveness of the HPA axis (Opp and Imeri,
2001): animals with a reduced HPA responsiveness
to stimulation with IL-13 showed a rapid and
pronounced increase in slow wave sleep. The
increase in slow wave sleep was much less
pronounced and restricted to the lower dose of
IL-1B in rats with a normal HPA responsiveness. In
contrast, animals with an exaggerated responsive-
ness showed initially a profound dose-dependent
increase in waking. Though it remains to be shown
that similar mechanisms operate in humans, and
in particular in patients with depression, the data
open up the possibility that the responsiveness of
the HPA axis to an immune stimulus may influence
the symptom cluster of patients with depression,

in particular the development of atypical or
typical features.

Indeed, a recent study showed that patients who
developed typical symptoms of depression during
therapy with interferon alpha showed an exagger-
ated response of the HPA axis to the first injection
of interferon alpha compared to those patients who
did not develop depression during therapy (Capuron
et al., 2003b).

Furthermore, in patients suffering from immune-
mediated diseases with concurrent HPA overactiv-
ity such as multiple sclerosis (Fassbender et al.,
1998; Then Bergh et al., 1999) a high prevalence of
depressive symptoms has been repeatedly
described (Garland and Zis, 1991; Feinstein,
2004). On the other hand, the role of HPA activity
in multiple sclerosis seems complex: while
enhanced HPA activity may restrain pathological
immune activation (Schumann et al., 2002; Huitinga
et al., 2004), prolonged overactivity of the HPA axis
may contribute to depressive syndromes.

In animal models, a single administration of IL-1
induced a long-lasting activation of the HPA axis,
which was accompanied by an increased expression
of hypothalamic CRH, increased co-storage of CRH
and vasopressin, as well as an increased evoked
noradrenaline release (Huitinga et al., 2000;
Schmidt et al., 2001, 2003). Priming with a single
stimulus with IL-1p resulted in an exaggerated HPA
response not only to a second immune stimulus but
also to an emotional stressor (Schmidt et al., 2001,
2003). These findings open up the hypothesis that
individuals who have experienced a sensitisation of
the HPA axis may respond to a subsequent emotional
stressor with sustained HPA axis overactivity. This,
in turn, could enhance the risk to develop depression
with typical features. On the other hand, individuals
with a reduced responsiveness of the HPA axis, i.e.
to an immune stimulus, may not mount an appro-
priate HPA axis activation. This situation could
entail a sustained inflammatory response which is
not adequately controlled by (elevated) corticos-
teroid concentrations and may represent a risk to
develop depression with atypical features (Anisman
et al., 1999; Elenkov and Chrousos, 2002).

6. On the role of gender for depressive
disorders, HPA axis activity, sleep
regulation and immune functions

A higher prevalence of depressive disorders in
females has been reported for many years.
Recently, however, two studies reported a mark-
edly higher prevalence of depression with atypical
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features in women compared to men, while no such
gender bias was noted for non-atypical depression
(Silverstein, 2002; Angst et al., 2002). Another
elegant study provides further support for a critical
influence of gender for the symptom cluster
during a depressive episode. In a large group of
male-female dizygotic twins females reported
more fatigue and hypersomnia, and slightly
more increased appetite, while males reported
more insomnia and agitation (Khan et al., 2002).

A better treatment response to SSRI than
tricyclic antidepressants in women, and particu-
larly pre-menopausal women, with major
depression has been reported (Kornstein et al.,
2000a). Also, women may respond better to SSRI
than men (Kornstein et al., 2000a; Murck et al.,
2003; Joyce et al., 2004). Interestingly, some
studies suggested that patients with atypical
depression respond better to psychopharmacologi-
cal treatment with monoamine-oxidase-inhibitors
(MAOI) or SSRI than tricyclic antidepressants
(Quitkin et al., 1993; Stewart et al., 1998, 2002;
Joyce et al., 2004). These findings point to the
possibility that among female patients with major
depression a substantial proportion presents with
atypical features, as has been suggested previously
(Thase, 1998). Thus, atypical features may be quite
typical, at least among younger female patients
with depression, while later onset depression may
be associated with more severe sleep-endocrine
alterations and more melancholic features (Maes,
2002). Support for this assumption is provided by a
study showing that particularly in elderly female
patients with melancholic depression hypernora-
drenergic function paralleled HPA overactivity
(Wong et al., 2000). In line with the above
observations we have shown recently that in female
patients with depression sleep-endocrine altera-
tions considered typical for major depression are
observed primarily in post-menopausal patients
(Antonijevic et al., 2003). While post-menopausal
patients compared to age-matched controls showed
a decline in slow wave sleep and sleep continuity,
an increase in REM density as well as higher
nocturnal cortisol and ACTH secretion, pre-meno-
pausal patients compared to pre-menopausal con-
trols showed primarily a reduced ‘delta sleep ratio’,
but not other changes commonly noted during a
major depressive episode (Antonijevic et al., 2003).
Since most patients had not experienced recurrent
depressive episodes, the groups examined were
different with regard to the onset of depression
(i.e. before or after menopause), which may also
have contributed to our observation.

It has been suggested that chronicity of
depression affects women more seriously, with

first symptoms occurring earlier and leading to a
poorer quality of life (Kornstein et al., 2000b).
This observation has also been reported by other
authors, who associated a reduced ‘delta sleep
ratio’ in female adolescent patients with a more
chronic course of depression (Armitage et al.,
2001). Depression with reversed neurovegetative
symptoms also seems to affect younger patients and
to follow a more chronic course (Angst et al., 2002;
Stewart et al., 2002). A higher incidence of co-
morbid personality and anxiety disorders in early-
onset depression could also account for the more
chronic course of the depressive episode in these
patients (Fava et al., 1996; Klein et al., 1999;
Kornstein et al., 2000b).

Activity of the HPA axis, including hypothalamic
CRH secretion, and ascending aminergic pathways
seem critical for the depressive symptom cluster. It
is noteworthy that gonadal steroids modulate
hypothalamic CRH secretion as well as neuronal
activity in afferent nuclei, namely the locus
coeruleus and the brainstem (Herbison et al.,
1990; Antonijevic et al., 1995; Conde et al., 1995;
Dayas et al., 2000). The serotonergic system is also
modulated by female gonadal steroid hormones,
albeit in a complex manner, with changes in the
density and function of pre- as well as postsynpatic
serotonin receptors and transporters (Fink and
Sumner, 1996; Lu and Bethea, 2002; Klink et al.,
2002). Interestingly, women have higher somato-
dendritic 5-HT 4 receptor binding than men (Parsey
et al., 2002), opening up the possibility that at least
in pre-menopausal women serotonergic trans-
mission is more restrained than in men (Stahl,
1998). In addition, male compared to female rats
showed higher activity of serotonergic dorsal raphe
neurons due to a greater GABA-mediated tonic
inhibitory influence in the latter (Klink et al., 2002).
Since oestrogen stimulates GABA-ergic transmission
through stimulation of GABA-A receptor expression
as well as GABA release (Herbison and Fenelon,
1995; Herbison, 1997), these data indicate that
females, in particular during the pre-menopausal
years, may be at a greater risk for attenuated
afferent serotonergic neurotransmission. This in
turn could contribute to HPA hypoactivity and an
increased risk to develop atypical depression. In
support of the above, it has been shown that women
are more susceptible to the effects of tryptophan
depletion as they showed a markedly greater
reduction in serotonin synthesis, a more marked
lowering of mood, and an impaired processing of
fear related cues (Ellenbogen et al., 1996; Nishi-
zawa et al., 1997; Harmer et al., 2003).

Interestingly, a recent study demonstrated that a
reduced serotonin synthesis in the dorsal raphe
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nucleus leads to a prolongation of slow wave sleep
(Gao et al., 2002). Hence the observation that
young female patients with depression showed no
reduction of slow wave sleep (Reynolds et al., 1990;
Antonijevic et al., 2003) could reflect reduced
serotonin synthesis in the dorsal raphe nucleus.

Moreover, IL-1B injected into the serotonergic
dorsal raphe nucleus acutely inhibited serotonergic
neurons and REM sleep and enhanced non-REM sleep
(Manfridi et al., 2003), suggesting that a sustained
elevation of IL-1B could contribute to sleep-
endocrine alterations in young female patients
with (atypical) depression.

Gender is also increasingly recognised to play a
critical role in the immune system: women are in
general more susceptible to autoimmune diseases
than men (Whitacre, 2001). In line with a biphasic
dose effects of oestrogens, with a facilitation of
immune responses by lower concentrations, but a
suppression at higher concentrations, many
studies showed that inflammatory cytokine
secretion is greater from female than male
immune cells (Bebo et al., 1998; Whitacre, 2001;
Angele and Faist, 2002; Voskuhl, 2002; Wichmann
et al., 2003).

A recent study noted that in patients with
rheumatoid arthritis, an autoimmune disease
associated with hypoactivity of the HPA axis
(Wilder, 2002), depression is associated with high
levels of anxiety (VanDyke et al., 2004). Since
women constituted more than two-thirds of the
depressed group, it would be interesting to examine
whether these patients fulfilled the criteria for
atypical depression.

In contrast, multiple sclerosis is an autoimmune
disease associated with enhanced HPA activity
(Fassbender et al., 1998; Then Bergh et al., 1999)
and a high prevalence of depression (Garland and
Zis, 1991; Feinstein, 2004). Though no formal
assessment of the subtype of depression has been
published so far, we have shown that female
patients with multiple sclerosis are susceptible to
develop sleep alterations associated with typical
depression, namely a shortened REM latency, a
high REM density and reduced stage 2 sleep
(Antonijevic and Steiger, 2003). Moreover, we
noted a pronounced reduction of the ‘delta sleep
ratio’ upon prolonged treatment with high doses
of corticosteroids in patients with multiple scler-
osis and development of typical depression if the
reduced ‘delta sleep ratio’ was sustained (Anto-
nijevic and Steiger, 2003). Interestingly, the exact
opposite sleep-EEG changes have been noted in
young healthy volunteers after administration of a
combined serotonin reuptake inhibitor and 5-HT4,
receptor agonist (Murck et al., 2001). Although

the data in multiple sclerosis patients are very
preliminary, they support a broader relevance of
a reduced ‘delta sleep ratio’ as a marker for
individuals at high risk for depressive disorders, as
proposed originally by Kupfer and colleagues for
patients with major depression (Kupfer et al.,
1990; Kupfer, 1995). Whether impaired 5-HT;,
receptor function plays a critical role for the
reduced ‘delta sleep ratio’ remains to be
confirmed.

Interestingly, 5-HT, receptors also modulate
effects of IL-1B on the slow wave sleep pattern.
While blockade of 5-HT, receptors enhanced the
acute stimulatory effects of IL-18 on slow wave
sleep, it attenuated the effect later on (Imeri et al.,
1999). These data suggest that modulation of the
sleep EEG by cytokines depends on the timing of
the immune stimulus as well as the status of the
serotonin system.

Since gender influences the serotonin system,
HPA axis activity and cytokine secretion, it seems
likely that an interaction between these function
contributes to the behavioral symptoms, including
the sleep regulation, of patients with depressive
disorders.

6.1. On the role of the serotonin system
for different pathophysiologies
of depressive disorders

As outlined above, the level of HPA axis activity
plays a critical role for the pathophysiology of
major depression (Chrousos and Gold, 1992; Gold
and Chrousos, 2002). While HPA overactivity is
associated with hypernoradrenergic function and
melancholic features of depression (Roy et al.,
1987; Wong et al., 2000), reduced noradrenergic
activity has been postulated in atypical depression
(Asnis et al., 1995; McGinn et al., 1996). This
critical role of afferent noradrenergic pathways
from the locus coeruleus for HPA activity and hence
the clinical presentation of depression has been
acknowledged by Gold and Chrousos in their
recently published scheme (Gold and Chrousos,
2002).

Similar to the ascending noradrenergic path-
ways, serotonergic pathways from the dorsal raphe
nucleus modulate hypothalamic and limbic nuclei
involved in depressive symptoms (Vertes, 1991;
Calogero, 1995; Thomas et al., 2003; Commons
et al., 2003). In addition, as indicated in the
previous paragraphs, the serotonin system may
play a critical role for the clinical features of
depression. Firstly, the afferent serotonergic path-
ways are modulated by gonadal steroids and gender
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(Fink and Sumner, 1996; Lu and Bethea, 2002; Klink
et al., 2002; Parsey et al., 2002) as well as IL-1B
(Manfridi et al., 2003), secondly, the efficacy of
SSRI to treat a depressive episode is influenced by
gender (Kornstein et al., 2000a; Murck et al., 2003;
Joyce et al., 2004) and thirdly, immune stimulation
alters serotonin metabolism and availability of its
precursor tryptophan (Maes et al., 1994; Capuron
et al., 2002; Konsman et al., 2002).

Moreover, several of the serotonin receptors are
assumed to be critically involved in the pathophy-
siology as well as efficacy of pharmacological
treatment of depression (for review, see Cryan
and Leonard (2000), Neumeister et al. (2004),
Serretti et al. (2004)). In particular somatodendritic
5-HTa receptor dysfunction, including decreased
binding as well as impaired receptor signalling, in
the afferent neurons of the raphe nuclei has been
reported in patients with major depression (Drevets
et al., 1999; Hsiung et al., 2003; Rabiner et al.,
2004; Bhagwagar et al., 2004). An elegant study in
rodents showed that the 5-HT4 receptor is critical
for the treatment response to SSRI, while no such
role was noted with regard to the efficacy of other
antidepressants (Santarelli et al., 2003). Interest-
ingly, a superior efficacy of tricyclic antidepress-
ants compared to SSRI in patients with severe
depression has been reported, though controversial
views exist (Perry, 1996; Sonawalla and Fava, 2001;
Young et al., 2004). Recently, escitalopram, the S-
enantiomer of the SSRI citalopram, has been shown
to have greater efficacy than the racemate,
particularly in severely depressed patients (Llorca
et al., 2005). This observation may be related to
affinity-modulating allosteric effects at the 5-HT
transporter (Chen et al., 2005), which may contrib-
ute to the observed greater inhibition of dorsal
raphe neurons (Sanchez et al., 2003).

A possible explanation for a reduced efficacy of
most SSRI in patients with severe (melancholic)
depression is that 5-HT, receptor function may
be impaired due to the marked HPA hyperactivity
and elevated corticosteroid concentrations
(Meerlo et al., 2001; Czyrak et al., 2002; Fairchild
et al., 2003). Also, not only the overall level of
corticosteroids, but a flattened rhythm with
higher trough levels has been associated with
disturbed 5-HT, functioning (Leitch et al., 2003).
The latter observation seems particularly relevant
for depressive illness, as an elevation of trough
levels of cortisol, which normally occur in the
early morning hours, has been shown more
consistently than overall elevations of cortisol
secretion (Wong et al., 2000; Antonijevic et al.,
2000b). In line with the above, dysfunction of 5-
HT,, receptors has been seen particularly in

depressed patients with dexamethasone non-sup-
pression (Pitchot et al., 2001).

Some authors have questioned the role of
elevated corticosteroids for 5-HT;, dysfunction in
depression (Bhagwagar et al., 2003; Neumeister
et al., 2004). However, Bhagwagar and colleagues
used a single administration of corticosteroids,
while the available data suggest that only a
prolonged elevation in corticosteroid levels will
impair or reduce 5-HT, receptors (Meerlo et al.,
2001; Czyrak et al., 2002; Fairchild et al., 2003). On
the other hand, reduced 5-HT;, receptor binding
has been proposed to be a trait rather than a state
marker of depression (Bhagwagar et al., 2004). In
this regard, it is interesting that a gene polymorph-
ism in the 5-HT;, promotor has been associated
with depression and particularly with suicide
(Lemonde et al., 2003). Since in the group of
suicide completers less than half had an established
psychiatric diagnosis, and among these only half
met criteria for depression, the clinical implication
of these data for patients with major depression
remains to be confirmed.

Of clinical interest is another recent study which
showed an inverse correlation between preferential
5-HT;, autoreceptor occupancy and severity of
depression, assessed by the HAMD score, in an
admittedly small group of patients treated mostly
with SSRI (Rabiner et al., 2004). These data could
indicate that patients who responded to SSRI
experienced an increase in 5-HT;, autoreceptor
binding during the treatment. Alternatively, the
group of patients with lower HAMD scores (and
higher preferential somatodendritic 5-HT,, bind-
ing) may include patients with atypical depression,
a reduced serotonin transmission but relatively
unimpaired 5-HT,, autoreceptor function and
hence a good response to treatment with SSRI
(Santarelli et al., 2003). This is in line with findings
that early sleep-EEG changes during SSRI treatment
in patients with depression predicted clinical out-
come later on (Murck et al., 2003).

In summary, differential 5-HT,, autoreceptor
function may contribute to the distinct pathophy-
siology of patients with melancholic/typical vs
atypical depression. In the former, HPA overactivity
may involve impaired restraint of afferent seroto-
nergic neurons due to dysfunctional 5-HT;, auto-
receptors and hence reduced efficacy of SSRI
(Perry, 1996; Young et al., 2004). In contrast, in
patients with atypical features, low HPA activity
may entail normal 5-HT,, autoreceptor function
and hence good response to SSRI. Since a marked
female predominance has been shown selectively
for patients with atypical features (Angst et al.,
2002; Matza et al., 2003), this could explain the
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reported greater responsiveness of females to SSRI
(Kornstein et al., 2000a; Murck et al., 2003).

Besides 5-HT,, receptors, the distinct role of
postsynaptic 5-HT, receptors for sleep-regulation
opens up the possibility that 5-HT, receptors are
also differentially affected in different groups
of depressed patients. In particular, antagonism of
5-HT, receptors induces sleep-EEG changes oppo-
site to those reported in typical depression, hamely
an increase in REM latency and time spent in slow
wave sleep and a suppression of cumulative REM
sleep (Tortella et al., 1989; Roza Davis et al., 1992).
These observations are in line with a reported
enhanced sensitivity of 5-HT, receptors in patients
with severe melancholic depression (Rosel et al.,
1999). Though no data on 5-HT, receptor function in
patients with atypical features have been reported
so far, the lack of slow wave sleep alterations in
patients with atypical features (Quitkin et al.,
1985) could indicate that 5-HT, receptor function
is not impaired. Interestingly, enhanced amount of
slow wave sleep in young female compared to male
and elderly female patients with depression has
been noted (Reynolds et al., 1990; Antonijevic
et al., 2000a, 2003). These findings could indicate
that in young women with depression either 5-HT,
receptor function is selectively impaired or the
attenuated serotonin secretion manifests itself in a
reduced 5-HT, receptor activation.

7. Subtypes of depression: the debate
on the concept of atypical depression

The DSM-IV allows to further specify a mood
disorder according to the clinical features
as catatonic, melancholic or atypical. In particu-
lar, depression with so-called atypical features,
described already many years ago, has received
renewed attention recently (Chrousos and Gold,
1992; Quitkin et al., 1993; Posternak and Zim-
merman, 2002; Parker et al., 2002; Angst et al.,
2002; Stewart et al., 2002; Matza et al., 2003;
Benazzi, 2003; Murck et al., 2005).

The DSM-IV criteria for melancholic features of
major depression are widely recognised and include
loss of pleasure, depressed mood at its worst in the
morning, early morning awakening, reduced appe-
tite and/or substantial weight loss and psychomotor
alterations. In contrast, the atypical features
specifier, representing an almost opposite syn-
drome, continues to be a matter of debate (Thase
et al., 1991; Posternak and Zimmerman, 2002;
Parker et al., 2002; Stewart et al., 2002; Benazzi,
2003; Joyce et al., 2004). The current criteria listed

in the DSM-IV include mood reactivity as a manda-
tory criterion and at least two of the following
criteria: (1) significant weight gain or increase in
appetite, (2) hypersomnia, (3) leaden paralyses and
(4) long-standing pattern of interpersonal rejection
sensitivity.

It has been suggested that a reversal of neuro-
vegetative symptoms, i.e. an increase in appetite
and/or weight gain and hypersomnia, may be more
relevant than mood reactivity for the endopheno-
type and the treatment response (Thase et al.,
1991; Murck et al., 2005). Of note, a higher
percentage of chronic disease courses in patients
with atypical features without mood reactivity
compared to patients with mood reactivity has
been reported (Angst et al., 2002). This finding
seems to be supported by data indicating that the
lack of mood reactivity characterises more severe
depression (Parker et al., 2002) and points to the
necessity to identify and subsequently treat these
patients early on. Rejection sensitivity has also
been suggested to delineate a distinct subgroup of
atypical depression, irrespective of neurovegeta-
tive symptoms, and a different response to phar-
macological treatment (Posternak and Zimmerman,
2002; Joyce et al., 2004). Another area of ongoing
discussion is the relevance of co-morbid anxiety
disorders in atypical depression, which has repeat-
edly been shown to be very high (Quitkin et al.,
1990; Posternak and Zimmerman, 2002; Parker
et al., 2002). Finally, there is the suggestion that
atypical features of depression are more prevalent
in patients with bipolar and particularly bipolar I
disorder (Benazzi, 2003). This discussion highlights
the need for a further differentiation of subtypes,
as even depressed patients fulfilling the DSM-IV
criteria for atypical features may show differences
in the underlying pathophysiology. This recognition
also underscores the need for biological markers to
identify relevant endophenotypes of depression,
which can then be examined in prospective clinical
trials.

8. Summary and conclusion

Different markers have been examined with the aim
to identify subgroups of patients based on the
susceptibility for depression, the risk for a recur-
rence, and the treatment response. The examined
markers include tests of the neuroendocrine stress
axis, such as the dexamethasone suppression test
(Mendlewicz et al., 1984) or the more refined
dexamethasone-CRH test (Modell et al., 1998;
Zobel et al., 1999), and also sleep-EEG parameters
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(Kupfer, 1995; Steiger, 2002). While the latter
focused initially primarily on REM sleep parameters,
it has been shown that non-REM sleep parameters,
and more recently a reduced ‘delta sleep ratio’,
are also of clinical relevance (Kupfer, 1995;
Antonijevic et al., 2003). In addition, immunologi-
cal alterations in patients with depression have
been described (Licinio and Wong, 1999; Leonard,
2001; Anisman and Merali, 2002). Albeit these may
prove useful, they have not yet been tested
vigorously with regard to their potential to identify
the subtype of depression, and to predict suscep-
tibility for depression and risk of recurrence. In
addition, distinct alterations of the serotonin
system, including impaired 5-HT;, receptor
function and/or reduced serotonin synthesis, pro-
vide support for the existence of distinct
pathophysiologies.

So far, none of the above parameters can be
considered clearly superior to the others or of more
general relevance. Rather, the different par-
ameters supplement each other and thus should
be used in combination to allow a better classifi-
cation of patients, based on clinical and neurobio-
logical alterations. In this regard, the renewed
discussion on the concept of the atypical features
specifier is very useful, as it highlights the import-
ance of a better clinical characterisation of
patients and stimulates further studies to examine
pathophysiological differences.

At present, the model by Gold and Chrousos
(Gold and Chrousos, 2002) is most valuable, and
allows to integrate additional data on altered
serotonin and immune functions. Thus, the melan-
cholic subtype with noradrenergic and HPA axis
overdrive seems to be associated with reduced 5-
HT,, autoreceptor function and hence enhanced
serotonergic activation of the HPA axis, as well as
an acute phase immune reaction. The latter
contributes to HPA axis stimulation and reduces
negative feedback inhibition by corticosteroid
receptors. The resulting hypercortisolism can
further impair 5-HT;, receptor functions, leading
to a vicious circle, which may not be effectively
resolved by most SSRI.

On the other hand, patients with atypical
depression and low HPA activity seem to have
reduced noradrenergic and serotonergic afferent
stimulation, possibly due to reduced serotonin
synthesis and, unlike melancholic patients, an
unimpaired 5-HT;, autoreceptor function. A mod-
erate but sustained secretion of inflammatory
cytokines may facilitate reduced tryptophan avail-
ability, which can further diminish serotonergic
transmission. In this situation, SSRI and MAOI may
be the treatment of choice. This endophenotype

seems particularly prominent among young female
patients with depression.

Though this model is an important first step, it is
likely that the currently proposed subtypes of
depression, and particularly the atypical features
specifier, will require a further refinement, i.e.
with regard to the role of co-morbid anxiety. In
view of the search for genetic markers of
depression and response to treatment, the best
possible characterisation of subgroups of
depression, based on clinical as well as neurobio-
logical parameters, is of paramount importance.
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