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Melancholic and atypical subtypes of depression represent distinct
pathophysiological entities: CRH, neural circuits, and the diathesis
for anxiety and depression
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Two outstanding papers appear in this month’s issue, with
significant clinical implications related to the role of stress
mediators in the pathophysiology of affective illness. The first of
these studies, by Lamers et al.,1 in over 200 patients and 500
controls, confirms our earlier suggestion that studies of depressive
disorder should be stratified to examine melancholic and atypical
depression separately. They report that the hypothalamic–
pituitary–adrenal (HPA) axis, and several inflammatory and
metabolic mediators differ between patients with melancholic
and atypical depression. While the HPA axis findings are
unequivocal, the findings regarding inflammatory and metabolic
parameters, although interesting, will need replication in patients
and controls closely matched for body mass index (BMI). This
paper represents an archival contribution to the literature.
The second study by Rogers et al.2 elucidates the relations

between the propensity for anxiety and depression, the
corticotropin-releasing hormone receptor 1 (CRHR1) genotype
and the metabolic activity of key brain neurocircuits in 246 rhesus
macaques. This study was elegantly designed and executed and is
also of archival quality.
Lamers et al. studied 111 patients with chronic melancholic

depression, 122 with chronic atypical depression and 543 controls.
The authors state that the chronic forms of these illnesses have
higher heritability.3 Melancholic patients were identified as those
depressed patients who had diminished appetite and body
weight loss, whereas atypical patients were those who had
increased appetite and weight gain. Of these, approximately 30%
were severely depressed, 40% of moderate severity and 40% of
lower severity. There were more women than men, whereas
patients with melancholic depression had a higher rate of
smoking.
Melancholics had significantly higher levels of cortisol than

those with atypical depression or controls. On the other
hand, plasma cortisol levels were similar in atypical patients
and controls. In addition, patients with atypical depression had
increased measures of abdominal circumference and BMI, and
higher circulating levels of C-reactive protein, interleukin (IL)-6
and tumor necrosis factor (TNF)-a. They also had higher levels of
plasma triglycerides and glucose and lower levels of high-density
lipoprotein cholesterol than patients with melancholic depression.
It should be noted that visceral fat constitutes a very large

reservoir of inflammatory cytokines, including IL-6 and TNF-a,4

and secretes these into the hepatic portal circulation, influencing
liver function. Plasma IL-6 and TNF-a levels correlate with BMI,5

and it is estimated that approximately 40% of the circulating levels
of IL-6 are derived from visceral fat. With correction of BMI, levels
of C-reactive protein and IL-6 were no longer significantly
elevated, but the levels of TNF-a remained significantly higher
than in melancholics. BMI corrections were not included for the
levels of triglycerides, glucose and high-density lipoprotein
cholesterol. Measures of glucose metabolism and lipids are
extremely sensitive to body weight and BMI. It is thus quite

possible that these may be artifacts of BMI rather than intrinsic to
the disorder of atypical depression. It might be informative to
construct a surrogate analysis with melancholics and atypicals
very closely matched for BMI.
The authors state that atypical patients resemble those with

metabolic syndrome, and this is clearly true with respect to
abdominal circumference, BMI and TNF-a levels. However, the
patients with atypical depression had lower rather than higher
blood pressure levels than controls. The authors could not account
for this finding.
We have been interested in possible differences between

melancholic and atypical patients for over 20 years.6 One of our
primary interests has been to determine the extent to which
patients who are depressed with atypical profiles actually have a
hypoactive HPA axis compared with controls. This goal was
stimulated in part by the fact that in addition to body weight and
BMI, melancholic and atypical depressions are the antithesis of
one another in other dimensions. Patients with melancholic
depression have insomnia and early morning awakening, whereas
subjects with atypical depression are hypersomnic. The diurnal
patterns in mood are also strikingly different between these
subgroups. Patients with melancholia feel worse in the morning
with slight amelioration as the day progresses, while those with
atypical depression feel best in the morning, with deterioration as
the day progresses. Although not as consistent, patients with
melancholic depression tend to be hyperaroused, whereas those
with atypical depression are often hypoaroused and extremely
fatigued. Taken together, the increased sleep, food intake and
fatigue in atypical depression suggested a decrement in stress
system activity, including the HPA axis and the sympathetic
system.
The decrease in HPA axis activity in atypical depression could be

difficult to demonstrate through measurements of basal circulating
cortisol levels, and might require other strategies for its documen-
tation. We found that medication-free patents with seasonal
affective disorder who met all of the criteria for atypical depression
demonstrated responses to CRH virtually identical to those seen in
patients with other known forms of hypothalamic CRH deficiency
whom we had studied.7,8 Patients with seasonal affective disorder
had delayed, diminished adrenocortical trophic hormone (ACTH)
and cortisol responses to exogenous CRH and decreased adrenal
cortisol responses to the ACTH released during CRH stimulation,
revealing that the adrenal cortex had been chronically insufficiently
stimulated by the hypothalamic–pituitary components of the HPA
axis. Using the identical CRH stimulation test, ACTH and cortisol
assays, we were able to show that patients with predominantly
melancholic depression had clear evidence of baseline hypercorti-
solism, blunted ACTH responses and exaggerated cortisol
responses to the ACTH released during CRH stimulation,9,10

compatible with excessive hypothalamic–pituitary activation of
the adrenal cortex. We also demonstrated that patients with
Cushing disease, whose depressions are atypical,11 have
cerebrospinal fluid (CSF) CRH levels that are strikingly reduced
compared with controls. These findings need to be replicated in a
larger series of patients with classic atypical depression.
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Reduced activity of the HPA axis in atypical depression would
help explain increased secretion of immune mediators in this
disorder. Decreased cortisol secretion is systematically associated
with disinhibition of the immune system, as cortisol exerts tonic
inhibitory effects on immune function even.12,13

One other point about cortisol secretion in patients with
melancholic depression deserves mention. We studied the levels
of plasma cortisol and norepinephrine (NE), CSF NE and CSF CRH
in samples taken hourly for 24 h in medication-free severely
depressed melancholic patients. We found that plasma cortisol,
plasma NE and CSF NE were all significantly elevated compared
with controls.14,15 In addition, plasma cortisol, plasma NE and CSF
NE were secreted in phase. Their diurnal variations were virtually
identical and their moment-to-moment secretion was significantly
correlated.14,15 These data indicate that hypercortisolemic patients
with melancholic depression have increased levels of plasma NE
as well. Given the confluence of plasma cortisol and NE secretion,
it is conceivable that patents with atypical depression have
decreased sympathetic nervous system activity that could be a
factor in their significant reductions in blood pressure observed in
the study of Lamers et al.1

An examination of the 24-h curves in the above studies showed
that the arousal-producing compounds cortisol and NE are
peaking in the morning, corresponding to the period of the
maximal severity of depressive symptoms in patients with
melancholia, who are often hyperaroused. Conversely, the
hypoaroused atypical patients respond well to the peak levels of
these arousing producing hormones in the morning, and
accordingly, feel best in the AM.
Rogers et al.2 in Ned Kalin’s group examined rhesus macaques

for features of anxious temperament, the degree to which anxious
temperament was associated with specific single-nucleotide
polymorphisms (SNPs) in the CRHR1 gene, and whether these
SNPs correlated with measures of metabolism in key brain regions
involved in anxiety and depressive disorders.
There have been several prior studies examining the relations

between the CRHR1 gene and either depressive or anxiety
disorders. Liu et al.16 reported an association of a CRHR1 gene
SNP and haplotype with major depression. Polanczyk et al.17

found a protective effect of a CRHR1 variant on the development
of adult depression following childhood maltreatment. Licinio
et al.18 showed a relation of a polymorphism in the CRHR1 gene
and response to antidepressants. However, no one had shown
relations between specific SNPs in coding and non-coding regions
of the CRHR1 gene and a behavioral phenotype, as well as a
significant interaction between these SNPs and metabolic activity
in areas of the brain.
In young rhesus monkeys, anxious temperament is analogous

to the childhood risk phenotype that predicts development of
human anxiety and depressive disorders. Rogers et al.2 studied
236 young rhesus monkeys raised in normally nurturing
environments with their mothers who were subsequently tested
for evidence of an anxious temperament. In all 236 macaques,
they examined the sequence variation of the CRHR1 gene and
assessed regional brain metabolism by 18F-labelled fluoro-2-
deoxyglucose positron emission tomography.
The authors found two SNPs in exon 6 that were independently

associated with anxious temperament. Specifically, they identified
SNP 4805, a splice site mutation, and another variant, SNP 5043,
which alters the amino-acid sequence of the CRHR1. They also
found yet another SNP associated with anxious temperament in
the 50 region, suggesting a possible alteration in the promoter
sequence that regulates expression of the CRHR1 gene. The
authors then noted association of these SNPs to alterations in
metabolic activity in the hippocampus and the amygdala, two
areas clearly involved in the pathophysiology of mood disorders,
as well as the intraparietal sulcus and precuneus. It should be
noted that exon 6 is present only in the CRHR1 splice variant

CRHR1b. These data indicate that these SNPs influence both
behavioral phenotype and metabolism in brain sites crucial to
affective illness and anxiety, and represent the first data to
implicate the CRHR1b splice variant in the pathogenesis of anxiety
and depression.
These findings are not surprising in the light of the multiplicity

of roles that CRH has and that implicate it in the pathogenesis of
affective disorders (reviewed in refs 19–21). The intraventricular
infusion of CRH in rodents sets into motion features that resemble
behavioral features of depressive disorders that include anxiety,
hyperarousal and fear-related behaviors.21 CRH also sets into
motion many of the physiologic components of melancholic
depression as well, including activation of the HPA axis and
sympathetic nervous system,22 and inhibition of the growth
hormone, gonadal and thyroid axes. Finally, CRH elicits the
neurovegetative components of melancholia, including loss of
appetite, insomnia and decreased sexual behavior.21,23,24 CRH
thought to be released from postganglionic sympathetic terminals
is also a potent stimulus to the innate immune system,25 whereas
a CRH antagonist significantly lowers the activation of
inflammatory response to immunogenic stimuli.26 We found that
our specific CRHR1 antagonist antalarmin given to rhesus
macaques significantly diminished the social stressor-induced
responses of plasma ACTH, cortisol, and NE, and CSF CRH.27

Documenting increased CRH secretion in depression has
required, in addition to assessment of basal cortisol and ACTH
levels, the indirect estimation of CRH levels. We first reported data
indicating CRH hypersecretion in depression utilizing the CRH
stimulation test10 a finding replicated several months later by
Holsboer’s group.28 Subsequently, Holsboer’s group developed
the dexamethasone/CRH test,29 which has become the
predominant test used to assess HPA function in psychiatric
patients, and has yielded important correlations between HPA axis
function and other parameters.30

In contrast to the study by Nemeroff et al.31 reporting increased
CSF CRH, six other studies have not replicated this result,15,32–36

including one in which Nemeroff is a co-author.34 This does not
mean that normal levels of CSF CRH denote normative CRH
secretion in the hyperactive HPA axis function of melancholics. In
our study measuring plasma cortisol and NE, and CSF NE and CRH
in medication free, severely melancholic depressed patients
hourly for 24 h, we found that the levels of plasma ACTH and
CSF CRH, which are both highly glucocorticoid suppressible, were
similar in patients and controls in the face of pronounced
hypercortisolism and hypersecretion of NE into plasma and
CSF.15 In this setting, the adrenals had become hyperresponsive
to ACTH in the context of sustained hypothalamic–pituitary
activation of the adrenal cortex. If the central set-point for cortisol
secretion had normalized, plasma ACTH levels should have fallen
below normal to produce normal levels of plasma cortisol. Their
remaining ‘normal’ in this setting, permitted the increased central
set point for cortisol secretion to produce the requisite
hypercortisolism via ‘normal’ plasma ACTH levels. The same can
be said for CSF CRH. Thus, their ‘normal’ levels were inappropriate
for the state of adrenal hyperresponsiveness and for the degree of
baseline hypercortisolism seen in these patients. Soon after
electroconvulsive treatment-induced remission of these patients,
with the hyperresponsiveness of the adrenals not yet resolved,
plasma ACTH and CSF CRH were substantially lower than in
controls, with a trend for reduced CSF CRH levels in the recovered
patients (unpublished observations). In addition to the other
negative studies, the only other study of repeated measures of
CSF CRH taken over time in depressed patients, by Geracioti
et al.,33 also failed to document increased CSF CRH levels.
The findings of Rogers et al.2 implicating an association with

SNPs in the CRHR1b splice variant, neural circuits, and the
diathesis for anxiety and depression could mean that there is
hyperactivity of the CRH system without there necessarily being
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hypersecretion of CRH per se in depressive and anxiety disorders.
However, the weight of indirect evidence of functional CRH
hypersecretion in depression suggests that both mechanisms
might be working simultaneously. Given the preferential
activation of the HPA axis in melancholic patients, we have
previously suggested on a number of occasions that studies using
CRH antagonists in the treatment of depression should be
preferentially administered to melancholic patients. It is our
suggestion that including atypicals in CRH antagonist studies in
depression may defeat the purpose of these studies, as no
improvement or even deterioration of symptomatology, may
occur.
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