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Major depressive disorder (MDD) is the most common psychiatric disorder representing a
leading cause of disability worldwide. The clinical and financial burdens of depression go
well beyond the neuropsychiatric manifestations, particularly when considering the
comorbid conditions of advanced ageing, inflammation, metabolism and obesity. These
comorbid conditions appear to arise from common mechanisms of pathogenesis, rather than
the symptomatology of depression, as supported by epidemiologic studies, as well as the
pathogenic mechanisms involved in these diseases, where stress and inflammation promote
both Major Depressive Disorder (MDD) and accelerated aging. The paper by lwata et al. (1),
in this issue, presents novel findings with importance to our understanding of the mechanism
whereby psychological stress induces inflammation, depression, as well as associated
comorbidities including cardiovascular disease, diabetes, obesity, pain, psoriasis,
inflammatory bowel disease, and cancer (2). The authors of this work have previously
proposed an “inflammasome hypothesis” through which the protein complex known by this
name is responsive to both pathogens as well as cell damage and stress, including the
sensing of extracellular ATP (3). Through the induction of the inflammasome cascade,
psychological stress has been proposed to promote both depression as well as peripheral
comorbid conditions (3). The work presented here provides important new data in an animal
model in further support of the inflammasome hypothesis demonstrating first, that
psychological stress induces the release of extracellular ATP, and furthermore, the
interaction of extracellular ATP with purinergic type 2X7 receptor mediates the activation of
the NLRP3 inflammasome cascade, with the resultant release of IL-1p and further activation
of Tumor Necrosis Factor alpha (TNFa). The results presented in this article also further
support the conclusions of previous in vivo studies by this same group demonstrating the
role of P2X7 receptor antagonists in modulating responses to stress and associated
depression (3).

This study by Iwata et al., demonstrates that glutamate, rapidly released during stress,
stimulates the release of ATP from astrocytes, as an initiating step in the pathogenesis of
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MDD (1). This step appears to provide a bridge between important upstream and
downstream events as we discuss here. ATP release into the extracellular space is usually
mediated by three major mechanisms including vesicular transport, cell death and opening
of a hemichannel. Interestingly, opening of Connexin 43 (CX43) and Pannexinl (Panx1)
hemichannels in astrocytes has been described to increase during stress, with the resulting
release of both ATP and glutamate, thus, identifying the possible mechanism of ATP and
glutamate secretion during stress (4). Furthermore, since blocking both P2X7 and NMDA
resulted in a reduction in both CX43 and Panx1 hemichannel activity, specific receptors for
ATP and glutamate appear to positively regulate the release of these molecules. This
evidence helps elucidate a potential stress pathway in which the onset of stress activates
NMDA and P2X7 receptors resulting in hemichannel opening and the release of
gliotransmitters such as ATP and glutamate, promoting a chain of events resulting in the
development of depression as well as other comorbidities.

As the Iwata paper demonstrates, inflammasome activation (as determined by IL-1p release)
occurs rapidly and somewhat transiently in response to stress-induced ATP release, followed
by subsequent TNFa activation/secretion (1). TNFa appears to be activated to a higher
percentage of baseline level, but also importantly remains elevated for a longer duration.
TNFa, therefore, may both amplify and prolong the initial stress response. Recent studies,
demonstrate the role of TNFa in mediating stress-induced depression by upregulating the
enzyme indoleamine 2,3-dioxygenase (IDO), the first step in tryptophan catabolism, in a
mouse model of chronic stress (5). Excess tryptophan catabolism, induced by TNFa, would
then directly promote depression in part by reduced serotonin production from 5-
hydroxytryptophan, and/or potential effects of dysregulation via kynurenine metabolites. It
is likely therefore, that the longer-term effects initiated by stress, the NLRP3 inflammasome
and IL-1p, are mediated by TNFa-induced tryptophan catabolism via the kynurenine
pathway.

The intimate linkage of these pathways discussed above, likely presents a rationale and
mechanism for the close association between MDD and comorbid conditions associated with
inflammation and accelerated aging. The serum of patients with depression demonstrates an
increase in proinflammatory cytokines, such as IL-1, IL-6, IL-8, IL-12, interferon-y (IFN-
vy) and tumor necrosis factor-a. (TNF-a) (6). It is worth noting that IFNy and TNFa are two
potent cytokines involved in the upregulation of IDO and the consequent promotion of
tryptophan catabolism. Since quinolinic acid is a downstream metabolite of the kynurenine
pathway and agonist of glutamate receptors (capable of inflammasome activation),
tryptophan catabolism may serve to further exacerbate the initiating stress response via a
vicious cycle involving the NLRP3 inflammasome cascade, with further TNFa.-induced
tryptophan catabolism. In support of this notion, deregulation of kynurenine metabolites,
with increases in quinolinic acid are particularly evident in suicidal patients (7). The linkage
of these pathways further provides a rationale for the development of comorbid conditions in
patients with depression as well as the development of depression in patients with other
initiating inflammatory conditions.

Since tryptophan catabolism via the kynurenine pathway ultimately provides for de novo
NAD™ synthesis, it is possible that increased NAD* hydrolysis and/or turnover may be
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contributory in driving tryptophan breakdown. If NAD* levels were to be compromised, this
would further promote inflammation and IDO activation, since the action of Sirtuin 1
(SIRT1) an NAD* dependent histone type 111 deacetylase, modulates the activity of NF-xB
(8), a transcription factor involved in TNFa induction of IDO. SIRT1 has been associated
with protection from both senescence as well as with several MDD comorbidities such as
cardiovascular disease, obesity and diabetes (9). Indeed, several SIRT mRNAs appear to be
reduced in states of depression in patients with MDD, suggesting an additional, yet inter-
related mechanism for reduced control of inflammation (10).

The common pathobiology and epidemiologic convergence of stress, inflammation, and
comorbid inflammatory conditions is particularly striking and emphasizes the need to
address mental and physical disorders, including depression, from psychiatric, immunologic,
and biochemical perspectives. Toward this end, the paper by Iwata et al., provides a major
step forward in our understanding of the pathogenesis of major depression. These findings
and the discussion herein, point to multiple targets for therapeutic intervention, including
Pannexin channels, modulation of the purinergic receptor P2X7, the cytokines IL-18, TNFa,
IFNy, and their cognate receptors, tryptophan catabolism and its effect on serotonin
synthesis, NAD* metabolism, and/or sirtuins, may provide important targets for therapeutic
intervention in MDD. Here we suggest a relationship between initiating stressors,
inflammation, and a vicious cycle linking the inflammasome, the kynurenine pathway, major
depression and other comorbid conditions. Furthermore, factors that are involved in the
initiation, maintenance, and exacerbation of depression may represent distinct yet
interrelated steps in the molecular pathogenesis of MDD. Thus, an increased understanding
of the pathobiology of major depressive disorder and comorbid inflammatory conditions
may permit more effective and personalized strategies to patient care.
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